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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any

agency thereof, nor any of their employees, makes any warranty, express or
implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof. The views and opinions of
authors expressed herein do not necessarily state or reflect those of the United
States Government or any agency thereof.

O This report has been reproduced directly from the best available copy.

Available to DOE and DOE contractors from the Office of Scientific and
Technical Information, P. O. Box 62, Oak Ridge, TN 37831; prices available from
(615) 576-8401.
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PREFACE

In May 1985, the South Carolina De[,artment of Health and Environmental Control
(SCDHEC) issued modifications to the Savannah River Site's (SRS) National Pollution
Elimination Discharge System (NPDES) Permit (No. SC0000175). The permit
modifications were implemented in order to allow the operat;,on of the M-Area Liquid
Effluent Treatment Facility 0.,ETF), an Industrial Wastewater Treatment facility. The M-
Area LE'lT was intended to treat the dilute process streams from the nickel plating and
aluminum forming operations in M-Area. Special condition No. 28 of the permit required
the Department of Energy (DOE) to develop, and after SCDHEC approval, implement a
study to determine the impact of the LETF discharges on the receiving stream, Tims
Branch. Pursuant to the granting of the permit modification, the DOE also agreed to
conduct toxicity testing for uranium 1 (Ref. 1 included as Attachment I).

Acute toxicity tests with uranyl nitrate were conducted on bluegill sunfish and Daphnia
oulex2, 21. Uranyl nitrate was used as it was considered representative of the types of
uranium discharged from the LETF. The 48 hour LCs0 (Lethal Concentration for 50% of
the exposed organisms) for Daphnia pulex was 0.22 mg total uranium/L. The 96 hour
LCs0 for bluegill sunfish was 1.67 mg total uranium/L. Using the daily average uranium
concentration target limit (0.5 mg/L at the LETF discharge), the calculated concentration
releasing to Tims Branch at the A-014 outfall was 0.060 mg_. This provided safety
factors of 7.3 to 55.7 for acute effects. If the instream dilution resulting from the average
flow (7Q10) in Tires Branch were included, the safety factors were 4.4 to 33.4.

After review of the SRS report, SCDHEC stated in 1986 that the "the safety factor range
of 4.4 to 33.4 is well below the safety factor of 100 used by SCDHEC to address chronic
toxicity (long term) impact .,3(Attachment II).

In 1988, SCDHEC reviewed the request for a permit modification to allow the treatment of
supernate in the LETF storage tanks. They again expressed concern that the uranium
concentration in the DETF effluent exceeded the level which could cause chronic effects on
the receiving stream 4 (Attachment 111).

After reviewing the SRS report on the instream biological effects of the LETF discharges,
SCDHEC requested in 1989 that chronic toxicity tests be conducted due to the high
instream effluent flow percentage and the variable nature of the acute toxicity test results 5
(Attachment IV).

In light of these concerns by SCDHEC, the Savannah River Site initiated a study to
determine-the chronic toxicity of three uranium compounds in the receiving stream
environment.

xi
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EXECUTIVE SUMMARY

Acute and Chronic Toxicity of Three Uranium Compounds

A study to determine the acute and chronic toxicity of uranyl nitrate, hydrogen uranyl
phosphate, and uranium dioxide to the organism Ceriodaphnia dubia was conducted. The
testing was accomplished under sub-contracts administered by J. L. Keyes of the WSRC
Environmental Protection Department (EPD) and with consultation from W. L. Specht of
the Savannah River Technology Center (SRTC). The toxicity tests were conducted by two
independent environmental consulting laboratories (Shealy Environmental, as a
subcontractor to AnalytiKEM, Rock Hill, SC; and Normandeau Associates, New Ellenton,
so).

Part of the emphasis for this determination was based on concerns expressed by SCDHEC,
which was concerned that a safety factor of 100 must be applied to the previous 1986 acute
toxicity result of 0.22 mg/L for Danhnia Dulex. This would have resulted in the LETF
release limits being based on an instr-eam concentration of 0.0022 mg/L uranium.

The acute and chronic toxicity results from this study with Ceriodat_hnia dubia are
surmrmfized below:

Uranium Concentration. m_L
Uranium Compound UO2(NO3)2 HUO2PO4 UO2

Acute Toxicity (48 hr LCs0) 0.073 0.100 0.050

Chronic Toxicity (ChV) 0.003 0.004 0.039

LETF Outfali Concentration Limits

The NPDES Permit renewal application to SCDHEC utilized the results of this study and
recommended that the LETF release limit for uranium be based an instream concentration of
0.004 mg/L uranium. This is based on the fact that the uranium releases from the M-Area
LETF will be in the hydrogen uranyl phosphate form, or a uranyl phosphate complex at the
pH (6-10) of the Liquid Effluent Treatment Facility effluent stream, and at the pH of the
receiving stream (5.5 to 7.0).

Based on thoehronic toxicity of hydrogen uranyl phosphate, a lower uranium concentration
limit for the Liquid Effluent Treatment Facility (LETF) outfall vs. the existing NPDES
permit was recommended: The current NPDES .permit "Guideline" for uranium at outfall
M-004 is 0.500 mg/L average and 1.0 mg/L maximum, at a design flowrate of 60 gpm. It
was recommended that the uranium concentration at the M-004 outfall be reduced to 0.28
mg/L average, and 0.56 rag/L, maximum, and to reduce the design flowrate to 30 gpm
(0.038 MGD). The 0.28 mg/L concentration will provide an instream concentration of
0.004 mg/L uranium. The 0.28 mg/L concentration at M-004 is based on the combined
flows from A-014, A-015, and A-011 ouffalls (since 1985) of 1840 gpm (2.65 MGD) and
was the flow rate which was utilized in the recent NPDES permit renewal application (1988
permit renewal).
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1.0 INTRODUCTION

Pursuant to granting an industrial wastewater construction permit for the M-Area Liquid Effluent
Treatment Facility (LET]b0in 1985, the South Carolina Deparmmnt of Health and Environmental
Control (SCDHEC) included certain conditions in the Savannah River Plant's NPDES permit
modification. 1 The conditions included acute toxicity testing for uranium. Acute toxicity with

uranyl nitrate was determined in 1986 with bluegill sunfish and D_phnia pulex. 2,21 The 96 hour
LCs0 for bluegill sunfish was 1.67 mg/L total uranium and the 48 hr. LC50 for Daphnia pulex was
0.22 mg/L total uranium (as uranyl nitrate). The dilution water was collected from an on-site
stream, Upper Three Runs.

The water of SRS streams typically have a low total hardness (2-20 mg/L as CaCO3) and a low pH
(5-6). Heavy metals, including uranium, are much more toxic to aquatic organisms in soft versus
hard water 7.

Using the 1985 average design flow rates for the M-Area LETF (0.086 MGD) and the daily
maximum target concentration of uranium of 1.0 mg/L at the LETF outfall, the maximum uranium
concentration at A-014 combined outfall was calculated to be 0.060 mg/L. The A-014 outfall is a
combined outfall, including non-contact cooling water (0.72 MGD), groundwater air stripper
effluent (0.58 MGD), and the LETF effluent. The monthly average at the A-014 outfaU was
therefore 0.030 rag/L, at the monthly average target uranium concentration of 0.50 mg/L at the
LETF outfaU. The instream acute toxicity safety factor was calculated to be 3.7 to 27.8 for Daohnia

and sunfish, respectively (for a 1.0 mg/L maximum effluent uranium concentration). The
safety factor was calculated to be 7.3 to 55.8 respectively (for a 0.5 mg/L average effluent uranium'
concentration). These safety factors included no additional dilution from the initial receiving
stream, Tires Branch.

SCDHEC commented on the results of the uranium acute toxicity study with a concern that "there
appears to be a possibility of impact in Tim's Branch due to chronic toxicity at these
concentrations". 3 The concentration in Tims Branch from a target daily maximum release of 1.0
mg/L would be approximately 0.050 rag/L, including the additional Tims Branch "7Q10" flow of
0.258 MGD. "The corresponding safety factor range of 4.4 to 33.4 is well below the safety factor
of 100 used by SCDHEC to address chronic (long term) impact. The monthly average
concentration of 0.030 mg/L at outfall A-014 and a safety factor range of 7.3 to 55.7 would not be
significantly less instream ''3.

In addition to the acute toxicity studies conducted to support the NPDES permit modification, a
Biological and Chemical study was also required on the receiving stream, Tim's Branch. 8 The
primary conclusion of the study, completed in 1987, was that no adverse impact had occurred on
the water chemistry, water quality, or aquatic communities or the Tim's Branch/Upper Three Runs
system due to th_ effluent releases from the M-Area LE'IF.

SCDHEC approved the Tim's Branch Biological Study in 1989, and agreed that "the data collected
showed very diverse communities (macroinvertebrates) and no signs of stress in the study area.
There were no indications that the periphytic communities were significantly impacted due to the

discharges". 5 However, they stated that "due to the high instream waste concentration (89.2%) at
7Q10 for Tim's Branch (0.258 MGD), chronic toxicity tests should be conducted to directly
address chronic toxicity ''5.
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In 1988, the SRS requested a modification to the M-Area Industrial Wastewater Treatment Permit
to allow the treatment of the supernate in the M-Area Interim Treatment/Storage Facility (IT/SF)
tanks. 9 The supcrnate had resulted from the separation of the concentrated slurry in the IT/SF
tanks in a sludge and supernate layer. It was shown that the composition of the supernate was
similar to the normal dilute feedstream to the M-Area wastewater treatment facility. Treatment of
the supernate allowed a significant volume reduction of the amount of mixed
(hazardouskadioactive) waste that would eventually have to stabilized and disposed.

SCDHEC again expressed its concerns with respect to toxicity due to uranium in the LETF effluent
in their 1989 review of proposed supernate treatment permit modification. 4 They stated that "a
safety factor of 100 with acute toxicity tests is used by SCDHEC to address chronic (long. term)
impact. Using this factor, the instream uranium concentration that would not cause an impact
would need to be 0.0022 to 0.0167 mg/L. Using the 7Q10 of 0.258 MGD for Tim's Branch and
the cooling water flow of 0.72 MGD, this would r_ult in acceptable effluent limits of 0.027 to
0.21 mg/L (at the LETF outfall)"4.

In view of these concerns by SC'DHEC, and in ord_ to determine the concentration of uranium
that would not cause long term impact to the receiving stream, the SRS Reactor Materials
Department initiated a chronic toxicity study on uranium compounds which could be released to
Tim's Branch. l0 Uranyl nitrate was initially tested, and then hydrogen uranyl phosphate and
uranium dioxide were added to the test matrix. Since uranium in the supernate from the IT/SF
tanks is precipitated in the DETF as hydrogen uranyl phosphate, this was the compound of primary,
concern. Uranium dioxide was tested since it could be released from the autoclave f'tltration system
in Building 313-M, directly to the LETF discharge.

The acute and chronic toxicity tests were conducted by two independent environmental/analytical
laboratories, Normandeau Associates, of New Ellenton, SC and AnalytiKEM Inc., Cherry Hill,
NJ and Rock Hill, SC. Shealy Environmental Services, Columbia, SC performed the toxicity tests
as a sub-tier contractor to AnalytiKEM. The testing was conducted under Purchase Requisitions
AX-843967 and AX 843930, respectively. Dr. J. L. Keyes, of the SRS Environmental, Safety,
Health, and Quality Assurance Division (ESH&QA), Environmental Protection Department (EPD),
was the Subcontract Technical Representative for both contracts.

-2-



2,0 EXPERIMENTAL CONDITIONS and OUALITY ASSURANCE

The acute and chronic toxicity testing on three uranium compounds was conducted by two
independent environmental consulting laboratories, Shealy Environmental (as a subcontractor to
AnalytiKEM Inc.) and Normandeau Associates. Both laboratories conducted toxicity tests, using
CeriodaDhnia dubia as the test organisms, on uranyl nitrate and hydrogen uranyl phosphate. Only
Norman-deau Associates conducted the toxicity tests on uranium dioxide. The experimental
conditions and laboratory Quality Assurance procedures are described in the following sections.

2.1 Acute and Chronic Toxicity Testing of Uranyl Nitrate

2.1.1 Initial Acute and Chronic Toxicity Testing of Uranyl Nitrate

The test conditions andresults are shown in detail in Attachment V, "Test Report No. A16747,
Revision II", AnalytiKEM Inc., Cherry Hill, NJ 08003 (January 13, 1988).

Dilution water for the toxicity tests was collected July 14, 1988, from Upper Three Runs.
Creek at the north side of a bridge on Road 2-1 on the Savannah River Plant site. The water
was filtered with a glass fiber filter and acclimation of the Ceriodaphnie cultures to the creek
water started on July 14, 1988. Ceriodaphnia for the definitive acute and chronic tests were
cultured in the creek water for approximately three weeks before being used in the toxicity
tests. 100% dilution water was used for the control.

2.1.1.1 Acute Toxici_ Test Methods (Shealy Environmental)

Acute bioassay test methods conformed to those described in Reference 11. Ali organisms used in
the toxicity tests were from Shealy Environmental Services, Inc. in-house cultures which were
obtained from the US EPA Newtown Laboratory April 20, 1987 (Lab ID No.87-27. Ceriodaphnia
from in-house cultures were identified and preserved monthly. A standard toxicant test with the
EPA reference toxicant cadmium chloride (Lab II). No. 88-964) was performed on Ceriodaphnia
cultured in water from Upper Three Runs Creek in conjunction with the acute and chronic tests.
The results of this test (LCs0 = 0.09 mg/L cadmium chloride) demonstrated that the condition of
the culture was within the acceptable range for test organisms (0.056-0.19 rag/L). Test solutions
and the contro!s were prepared in 100 ml quantities in all-glass test chambers. All concentrations
and the control were tested in duplicate with ten 17eriodaphnia dubia neonates (2-24 hours old)
each. The test solutions were renewed after 24 hours.

A 100 mg/L uranyl nitrate stock solution was prepared on August 4, 1988, using reagent grade
uranyl nitrate, by rapidly weighing 0.0101 grams of the chemical onto a tared weighing paper in a
balance containing desiccant. Ali uranyl nitrate test concentrations were prepared fresh daily from
the 100 rag/L-stock solution by dosing the dilution water with the appropriate aliquot using
Hamilton microliter syringes (accuracy and reproducibility to + 1%) except for the 1 mg/L
concentration which was made up using a I ml Class A volumetric pipet. The uranyl nitrate stock
solution was stored at 40C during testing. Samples of ali test solutions were preserved with
0.15% metals grade nitric acid and shipped with ice packs via Federal Express to AnalytiKEM,
Inc. for verification.

The 48-hour acute toxicity test was conducted August 10-12, 1988, with the following solutions:

ur_yl nitrateconcentration 0a_or_fic.aluranium _0nc_ntrati0n
1.0 mg/L UO2(NO3)2o6H20 0.47 mg/L
0.56 mg/L 0.27 mg/L
0.32 mg/L 0.15 mg/L
0.18 mg/L 0.085 mg/L
0.10 mg/L 0.047 mg/L

-3-



Dissolved oxygen, water temperature, pH, conductivity, alkalinity and total hardness
measurements were made in conjunction with the test. Temperature was maintained at 25°C +
I°C in ali test chambers. The test organisms were placed singly in the test vessels each containing
100 ml of solution. Transfer of the neonates was accomplished using an eye dropper where the
organism was never removed from solution.

Test chambers were examined every 24 hours for immobile Ceriodaphnia. Immobile animals were
examined with a stereoscope (60X) and were considered dead if no appendage activity could be
observed after gentle prodding.

2.1.1.2 Chronic Toxicity Bioassay Methods fShealy Envirgnmcntal_

Test methods conformed to those described in Reference 12. The 7 day chronic toxicity bioassay
was performed as eight treatments exposing 10 female test organisms each. The first treatment
was the control (100% filtered Upper Three Runs water). The uranyl nitrate solutions were
0.0032 rag/L, 0.0056 mg/L, 0.010 mg_, 0.018 mg/L, 0.032 rag/L, 0.056 mg/I., and 0.10 mg/L.
Ali test solutions were prepared from the same 100 mg/L stock solution as the acute test dosing the
dilution water with the appropriate aliquot using Hamilton microliter syringes (accuracy and
reproducibility to + 1%). The test organisms were exposed to each treatment in individual test
chambers. Test solutions were renewed daily.

Dissolved oxygen, water temperature, pH, conductivity, total hardness and alkalinity
measurements were made in conjunction with the tests. Temperature was maintained at 25°C (+'
1° C) in ali test chambers during the test.

The test organisms were placed singly in test vessels each containing 15 ml of solution. The
organisms were between 20 and 24 hours old at the start of the test. Transfer of the neonates was
accomplished using an eye dropper where the organism was never removed from solution. Ali
Ceriodaphnia were fed the green alga Selenastrum cat)ricornuturn at the rate of approximately
1,000,000 cells per ml. test solution per day. Selenasu:um cultures were obtained from Carolina
Biological Supply Company and cultured in natural spring water and Alga-Gro media in 1-1iter
cotton-plugged Erlenmeyer flasks and maintained under bright fluorescent lighting for 6 days.
Test chambers were incubated for temperature control with photoperiod held at 16 hours of light
and 8 hours of darkness. Randomization of test animals in the incubator and order of feeding was
established based on random number tables.

The uranyl nitrate solution concentrations were,.

0.0032, 0.0056, 0.010, 0.018, 0.032, 0.056, and 0.100 mg/L (theoretical uranyl nitrate).

The percent _um recovery (total measured/total theoretical) was lower than anticipated (15 to
60% recovery) at low uranium concentrations (Attachment V, Table 8).

The laboratory was therefore requested to provide documentation showing acceptable (i.e., greater
than 80%) analytical recovery for uranium in the range of 50-1 parts per billion (ppb) as total
uranium, in order to provide confidence in subsequent uranium testing 13. The instrument detection
limit (IDL) study was performed using Inductively Coupled Plasma - Atomic Emission
Spectrophotometry (ICP), using a 200 ppb standard prepared by Inorganic Venture, Inc. _he IDL
was determined to be 30.6 _tg/L (3 X the standard deviation on 7 analyses on the 200 ppb
standard). The % recovery was demonstrated to be 87 to 101% from 1 to 50 I.tg/L(ppb)
theoretical uranium concentration samples. The diluted solutions were concentrated 100 to 1000
fold to allow the detection on the ICP instrument at the 1 to 50 I_g/L uranium concentrations. The
IDL study results are given in Attachment VI.
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2.1.2 Repeat Acute and Chronic Toxicity Testing of Uranyl Nitrate

At the conclusion of the initial acute and chronic toxicity testing on uranyl nitrate, it was decided to:
I) Repeat the test work on uranyl nitrate to confkrmthe initial results,
2) Add additional uranium compounds to the test matrix, which were more representative of the

chemical form in which the uranium is released to the surface streams, and
3) Add a separate analytical laboratory to perform independent confirmation toxicity tests.

The "Scope of Work" for the repeat uranyl nitrate testing and the hydrogen uranyl phosphate and
uranium dioxide testing is given in Attachment VIL

2.1.2.1 Acute Toxicity Test Methods (Shealy EnvironmentaB

The test conditions and results for the repeat tests by Shealy Environmental are shown in detail in
Attachment VIII, "Test Report No. A17852 (Part I), Acute and Chronic Toxicity of Uranyl Nitrate
to Ceriodaphnia Dubia" AnalytiKEM Inc., Cherry Hill, NJ 08003 (April 11, 1989).

The 48-hour acute toxicity test was conducted January 25-27, 1989. The repeat acute test
conditions were the same as the initial test, with the following exceptions:

• A plankton net (37 mm) was used to filter Upper Three Runs dilution water, rather than a glass
fiber filter.

• Only Upper Three Runs water less than 96 hours old was used for the control and dilution ,
toxicity tests.

• 100 ml vs. 250 ml beakers were used as the test vessels
• The volume of test solution was 50 ml vs. I00 mi previously
• A new 100 mg/L uranyl nitrate stock solution was prepared (January 25, 1989)

The same uranyl nitrate concentrations were used in the repeat test as in the initial acute test:

uranyl nitrate _oncentration theoretical uranium concentration
1.0 mg/L UO2(NO3)2*6H20 0.47 mg/L U
0.56 mg/L 0.27 mg/L U
0.32 mg/L 0.15 mg/L U
0.18 mg/L 0.085 mg/L U
0.10 mg/L 0.047 mg/L U

2.1.2.2 Chronic Toxicity Bioassay Methods (Shelly EnvimnmentaB

The chronic test conditions in the repeat test were the same as the initial test, except for the
' foUowing: --

• Filtration of the U3R water samples with 37 mm plankton net
• Uranium stock solution (103 mg/L uranyl nitrate, prepared 2/9/89)
• The uranyl nitrate solution concentrations were the same as the initial test:

0.0032, 0.0056,0.010, 0.018, 0.032, 0.056, and 0.100 mg/L as uranyl nitrate.
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2.1.3 Confirmation of Acute and Chronic Toxicity Testing on Uranyl Nitrate

Normandeau Associates, Inc., Southeast (NAI-SE) was the second laboratory requested to
confirm the acute and chronic toxicity testing results for uranyl nitrate, and to perform additional
tests on hydrogen uranyl phosphate and uranium dioxide. The NAI-SE laboratory and toxicity
testing methods for ali three uranium compounds are described in detail in Appendix IX: K.E.
Trapp and E. T. Korthals to John Pickett and J. L. Keyes, "Acute and Chronic Toxicity of Three
Uranium Compounds to Ceriodaphnia dubia", Report No. NA-SR-98, Normandeau Associates,
Southeast, Aiken, SC 29802 (June, 1989).

2.1.3.1 Laboratory Methods and Ouality Assurance (Normandeau Associates)

The guidelines and recommendations listed in Peltier and Weber 11and Homing and Weber 12were
followed for handling organisms, cleaning test equipment, and conducting all toxicity testing.

Geriodaphni_ _ used in Normandeau Associates Inc., South East (NAI-SE) toxicity tests were
originally obtained from cultures maintained by the US EPA Environmental Research Laboratory in
Duluth, MN. These animals were cultured by the NAI-SE aquatic toxicology laboratory in water
collected from Upper Three Runs Creek. Water was collected at the Road 2-1 bridge on the SPS
and filtered through a plankton net prior to use. Typical water quality values for this creek are listed
in Appendix IX, Table 1-1.

All-glass (1.5 L) culture dishes served as culture chambers for a "brood" stock. The dishes were
thoroughly cleaned prior to use and were covered while in use to prevent the entry of dust and other
contaminants. Cultures were kept in an incubator (Lab-Line Instruments, Inc., Melrose Park, IL),
and temperatures maintained at 25 +_..2°C. Water temperature was monitored continuously.

Wide-spectrum fluorescent bulbs (Color Rendering Index > 90) were used to provide a 16L:SD
photo period. Light intensity measured at the surface of the culture dishes did not exceed 800 lux.

Brood-stock C. _ (30 organisms/culture dish) were fed every other day on a diet consisting of
a mixture of algae (Selenastrum _ __, and YCT (yeast, cerophyll, fermented trout chow).
Approximately 1 x 108 cells/ml of e and 7 ml of YCT were added to each culture dish. A
modified version of Bold's Basi. ,edia was used to maintain uni-algal cultures of S.
capricomu_m.

All culture dishes were examined at least three times per week, and quality assurance records were
maintained for each dish. Records included: date the culture was started, source of culture material,
reproductive progress, presence of ephippia, and other information on the condition of the culture
deemed pertinent by the observer. The animals in these dishes served as the source of neonate
(< 24 hr old) daphrtids used in both acute and chronic toxicity tests. The flu'st broods were
discarded; only neonate daphnids obtained from broods other than a first brood were used in the
toxicity tests.

Water from Upper Three Runs served as the control and diIuent for both the acute and chronic
toxicity tests conducted on UO2(NO3)2 • 6H20, HUO2PO4 • 4H20, and UO2. New samples of
water were collected once every 72 hr. Water was not filtered prior to use irt the acute toxicity tests,
but was filtered through a plankton net for use in the chronic tests. Filtration will remove potential
predators from the diluent and is recommended by Homing and Weber 12.

Glassware Preparation All glassware was cleaned before and after use. It was soaked for
24 h in a 5% Contrad solution, rinsed with tap water, allowed to air-dry, and rinsed with
pesticide-free acetone. The glassware was again air-dried and then soaked for 24 hr in 2%
HNO3. De-ionized water was used in the Final rinses (5 times with de-ionized water) of the
glassware. Ali borosilicate beakers used in the toxicity tests were maintained separately
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from oth¢="laboratory glasswa.m and were used only for toxicity tests. Just prior to use,
these be..ake_ were rinsed with dilution water.

pre,ration of Stock Solutions Unless otherwise specified, all solutions (both stock
and-test) were prepared using volumetric glassware and calibrated pipettes or pipetters. The
concentration of total uranium was conf'mmed analytically before each stock solution was
used in a test. With the exception of HUO2PO4*4H20, these solutions were prepared in
sufficient quantities so that the same stock solution was used for both the acute and chronic
toxicity tests.

Concentrations of total uranium (dissolved plus bound uranium) were determined using
either inductively coupled plasma emission spectrcscopy (EPA method 200.714) or
fluorome_y (Method 71 l-B; APHA 198515).

Uranyl Nitrate R,_agent grade uranyl nitrate (Mallinclcrodt Lot #8640 KCAP) was used
to prepare me stock solution of this compound. The stock solution was prepared by addint;
UO2(NO3)2*6H20 to Upper Three Runs Creek water. The stock solution was measured to
determine the concentration of total uranium in the "as made" stock solution of uranyl
nitrate. The concentration of total ulanium in this stock solution equaled 43.2 mg/L. This
stock solution was used to prepare all UO2(NO3)2*6H20 solutions used in the range-
f'mding, acute, and chronic tests.

Quali_ Assur_.c,._ Quality assurance procedures commonly followed in the NAI-SE
AquaticToxicologyDivisionincludedthefollowing: '

I. Instrumentswe_ routinelycalibratedandstandardizedaccordingtomanufacturers'
instructior_s.Controlchartsweremaintainedforallmeasuredparmncters.

2, Wet chemistrymethodsusedindetermininghardnessandalkalinitywerestandardized
accordingtoUS EPA ntethods,

3.Recordsweremaintainedoftheage,productivity,qualityoffood,andfeedingregimeof
aliorganismsmaintainedbyNAI-SE,

' 4. Reference toxicity tests were performed on a routine basis (at least monthly) to determine
the acceptability and sensitivity of test organisms. Refere.nce toxicant control charts were
maintained for all.test organisms _ltured by NAI-SE. Results of reference tests
indicated that the animals used in these tests responded in an appropriate manner.

5. In order to measure ".heprecision with which the technician prepared these test solutions,
a sm'mgate metal was used to prepare solutions in a manner identical to that used during
the toxicity tests. Manganese was chosen as a surrogate metal for uranium because of its
low analytical cost and because it is routinely used as a standard to check the ICP
insmmaent. A HACH mar_ganese standard (I('90 mg/L) was diluted with deionized
water using volumetric glassware and calibrated pipettes. A subsample of each prepared
manganese solution was analyzed to determine the concentration of total manganese.
Results of the manganese analyses are summarized in Attachment IX, Table 2-3. These
results demonstrated that the technician responsible for preparing the solutions used in ali
toxicity tests conducted on the three uranium compounds prepared the manganese

- _ lutions such that the percent recovery of manganese ranged from 91.8 to 97°4%.



2.1.3.2 Acute Toxicity_Test Methods (Normandeau Associates)

Ali test solutions for the acute static renewal toxicity tests were prepared daily. Test solutions were
prepared by diluting the chemical stock solutions. Aliquots of chemical stock solutions were
transferred to 500-ml volumetric flasks with calibrated volumetric pipettes or pipetters. The
contents of the flasks were then adjusted to 500 ml with Upper Three Runs Creek water. Separate
volumetric flasks were used to prepa_ tests solution of each uranium compound. Test solutions
were prepared from the lowest to the highest nominal concentration of total uranium using the same
volumetric flask. The volumetric flasks were then cleaned (as described above) each day before
use.

C. dubia were exposed to the following dilution series for uranyl nitrate:

0 (control), 0.051, 0.127, 0.190, 0.254, 0.381 mg/L total uranium (nominal values)*

* Nominal concentrations ba::_'don dilution of measured stock solutions

Borosilicate beakers (250-ml) served as test chambers for the acute static renewal toxicity tests.
Two beakers were used per test concentration, with 10 individuals per beaker. A large-bore, fire-
polished, glass pipette was used to randomly transfer 10 neonate (_ 24 h old) daphnids to each test
chamber. When 10 individuals had been isolated, excess water was removed and 100 ml of test
solution was slowly and gently poured into the beaker. Following the addition of solution, the
daphnids were observed to verify they had not been damaged during transfer.

The test temperature for the C. dubia acute static renewal toxicity tests was 25 + 2°C. The tests
were conducted in a temperature-controlled, Fisher model 307 incubator. Zest organisms were
exposed to a 16L:8D photo period. Specific conductance, dissolved, oxygen concentration, CaCO3
hardness, total alkalinity, and pH of the control and highest test concentrations were recorded at the
beginning of each test and at 24 h intervals. The dissolved oxygen concentration, pH, temperature,
and conductivity of intermediate test concentrations were measured and recorded at test initiation
and at 24 h. Total alkalinity was determined by potentiometric titration 15, while the CDTA
(cyclohexanediamineteuaacetic acid) titrimetric method 15was used to measure CaCO3 hardness.
Dissolved- oxygen concentrations were measured with a YSI Model 58 DO meter (Yellow Springs
Instrument Co., Yellow Springs, OH), and a YSI Model 33 conductivity meter was used to
measure the conductivity of each test solution. The pH values were determined with an Orion 399A
pH meter.

Death or irnrnobilization of the (2. _ were used as the indicators of acute toxicity. The criterion
used to establish lethality was cessation of ali visible signs of mobility (e.g., no movement of
second antennae;, thoracic legs, or post abdomen). Immobilization was defined as the inability of
the animals to move in the water column.

The 48 h LC50 values were detenained by using either binomial probability or the Trimmed
Spearman-Karber procedure.

2.1.3.3 Chroni_ Toxicity_Test Methods (Normandeau Associates_

Organisms used in these tests were < 24 hr old, and ali organisms used in a given test were born
within 4 hr of one another. Ali test solutions for the three chronic toxicity tests were prepared daily.
Test solutions of uranyl nitrate and hydrogen uranyl phosphate were prepared in 500-ml volumetric
flasks by diluting each chemical stock solution. Uranium dioxide test r,olutions were prepared in a
1000-ml volumetric flask by diluting a secondary stock solution. The secondary stock was prepared
from the original stock solution and used throughout the chronic toxicity test. To prepare chromc
test solutions, anquots ot chemical stock solutions ....... "---" ..... ' .... '-;" .,or..... ;,h
calibrated pipettes or pipetters. Each flask was brought to volume with Upper Three Runs water. A
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separate volumetric flask was used to prepare test solutions for each uranium compound throughout
each test. Test solutions were prepared from the lowest to the highest nominal concentration of total
uranium and rbe volumetric flasks cleaned each day between use.

Testing was performed in 20-ml glass scintillation vials containing 15 ml of test solution. Ali test
vials were placed in an incubator maintained at 25 + I°C. Temperature was monitored
continuously. Test organisms were exposed to a 16L:8D photo period. Twenty individuals were
exposed to each test concentration and to the control

The following dilutions were used in the seven-day static renewal life cycle tests conducted on uranyl
nitrate:

0 (Control), 0.002, 0.008, 0.023, 0.046, 0.076 mg/L total uranium (nominal)*

* Nominal concentrations based on dilution of meastk_ stock solutions

Large-bore, fire-polished, disposable glass pipettes were used to transfer organisms. Test
organisms were moved to fresh test solution every 24 h, and ali young produced during a test were
preserved with Lugol's solution for later enumeration. Following transfer, the organisms were
observed to verify they had not been damaged.

Specific conductance, dissolved-oxygen concentration (DO), CaCO3 hardness, total alkalinity, and
pH were recorded for the new and old control solutions as well as the highest concentrations of test
solutions. Only conductivity, DO, pH, and temperature of old, new and intermediate concentratio,s
of test solutions were measured. The same methods used to monitor water quality parameters during
the acute static renewal toxicity tests were also used during ali (2.dubia life cycle tests.

(2. dubia were fed during each test by adding an aliquot of algal suspension/YCT mixture (0.033
ml/ml) to each vial. YCT was added to increase the protein content of the diet. The other nutritional
requirements of these organisms (e.g., vitamins, dietary lipids, minerals) were provided by the algal
portion of the diet.

Death or immobilization of the organisms was used as an indicator of acute toxicityl 1. The criterion
used to establish lethality was cessation of ali visible signs of mobility (e.g., no movement of second
antennae, thoracic legs, or post abdomen). Immobilization was defined as the inability of the animals
to move in the water column. On Day 7, adult survival was determined, and a count was made of
the total number of young produced per test organism. During any seven day period, C. dubia
individuals typically produce three broods of offspring. A test was deemed acceptable if control
mortality was ._ 20% 12and if the average number of young produced per control individual was >
15.16 Chronic toxicity was determined to have occurred if statistical analyses determined that
significant differences existed between the control and test organisms.

Chronic toxicity test data were analyzed using Fisher's Exact test, the Chi-Square test, Bartlett's test,
one-way analysis of variance (A.NOVA), and Dunnett's Multiple Comparison.



2.2 Acute and Chronic Toxicity Testing on Hydrogen Uranyl Phosphate

2.2.1 Initial Acute and Chronic Toxicity Testing on Hydrogen Uranyl Phosphate

2.2.1.1 Acute Toxicity Laboratory Methods and Procedures fNormandeau Associates)

The laboratory methods and procedures for the acute toxicity tests for hydrogen uranyl phosphate
were the same as described previously for uranyl nitrate (Sections 2.1.3.1 & 2.1.3.2).

Preparation of Stock Solutions Unless otherwise specified, all solutions (both stock
and-test) were prepared using volumetric glassware and calibrat_ pipettes or pipetters. The
concentration of total uranium was confirmed analytically before each stock solution was
used in a test. Insufficient quantities of hydrogen uranyl phosphate stock solution were
initially prepared and another stock solution had to be made prior to initiation of the chronic
toxicity test.

Hvdroeen Uranyl Phosvhate Reagent grade uranyl nitrate (MaUinckrodt Lot #8640
KCAP) and phosphoric acid were used to prepare hydrogen uranyl phosphate. The uranyl
nitrate was mixed with phosphoric acid (1:1; moles uranium to moles phosphate). This
mixture was neutralized to pH 6-7 with 1.O N NaOH and stirred for 15 min. The resulting
precipitate (HUO2PO4.4H20) was f'fltered through Whatman #4 filter paper, washed three
times with de-ionized water, transferred to a watch glass and dried at 105° C for--16 hr.

Stock solutions of hydrogen uranyl phosphate were prepared by mixing 1 g of compound
with 1 L of Upper Three Runs water for approximately 1 hr. The resultant suspension was
filtered through a glass fiber filter (Whatman GF/C) and the f'dtrate used as a stock solution
to prepare ali toxicity test solutions. The stock solutions were measured to determine the
concentration of total uranium in the "as made" stock solutions of hydrogen uranyl
phosphate. Measured concentrations of uranium in the stock solutions equaled 1.22 and 3.8
mg/L total uranium. The first stock solution (1.2 mg/L total U) was used in the range-
finding and definitive acute toxicity tests. The second stock solution (3.8 mg/L total U) was
used in the chronic toxicity test.

C..._bia were exposed to the following dilution series for the acute toxicity tests on hydrogen
ura_.,_,',phosphate:

0 (control), 0.040, 0.060, 0.080, 0.100, and 0.120 mg/L, total uranium (nominal values)*
_

* Nominal concentrations based on dilution of measured stock solutions.

2.2.1.2 Chronic Toxicity_Laboratory Methods andProcedures (Normandeau Associates_

The laboratory methods and procedures for the chronic toxicity tests for hydrogen uranyl phosphate
were the same as described previously for uranyl nitrate.(Section 2.1.3.3).

The following dilutions were used in the seven-day static renewal life cycle tests on hydrogen uranyl
phosphate:

0 (Control), 0.006, 0.02, 0.06, 0.12, 0.20 mg/L total uranium*

* Nominal concentrations based on dilution of measured stock solutions
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2.2.1.3 Acute Toxicity_and LaboratoryMethods andProcedures (Shealy Environmental)

The Shealy Environmental l_ory and toxicity testing methods for the hydrogen uranyl
phosphate tests are described in detail in Attachment X, "Test Report No. A 17852 (Part II), Acute
and Chronic Toxicity of Hydrogen Uranyl Phosphate to Ceriodaphnia dubia". AnalytiKEM Inc.,
Cherry Hill, NJ 08003 (July, 1989).

The laboratory and acute toxicity testing procedures were the same as a previously described for
Shealy Environmental (Sections 2.1.1.1), with the following exceptions:

Dilution water for the toxicity tests was collected January 23 through February 16, 1989
from Upper Three Runs Creek at the north side of a bridge on Road 2-1 on the Savannah
River Site. The water was filtered with a plankton net, and only water less than 96 hr old
was used for the toxicity tests. Ceriodaphnia for the acute and chronic tests had been
cultured in the creek water since October 25, 1988. 100% dilution water was used for the
control.

A standard toxicant test with the EPA reference toxicant cadmium chloride (Lab. II). No.
88-964) was performed on Ceriodaphnia cultured in water from Upper Three Runs i,,
conjunction with the acute and chronic tests. The results of this test (LCs0 ---0.08-0.17
mg/L cadmium chloride) demonstrated that the condition of the culture was within the
acceptable range for test organisms (0.059 - 0.199 rag/L).

The hydrogen uranyl phosphate (HUP) was prepared as recommended in Attachment VII,
by mixing uranyl nitrate and phosphoric acid at a 1 mole uranium to 1 mole phosphate ratio,
and then neutralizing to pH 6-7 with sodium hydroxide. The precipita:e was stirred for 15
minutes, and then filtered through #40 Whatman filter paper. The compound was rinsed
three times with deionized water and dried overnight at 105°C.

A 104 mg/L HUP stock solution was prepared on 2/17/89 for the acute test, by weighing
0.0104 gm HUP into 100 ml water. The solution was stirred for 5 minutes, allowed to
settle, and the aliquots for the test concentrations were drawn off of the top of the stock
solution using Class A volumetric pipettes. Samples of ali test solutions were preserved
with 0.15% metals grade nitric acid and shipped with ice packs via Federal Express to
AnalytiKEM, Inc. for verification.

The 48-hour acute toxicity test was conducted February 17-19, 1989, with the following hydrogen
uranyl phosphate concentrations:

0.32, 0.56, 1.0, 1.8, and 3.2 mg/L (as theoretical hydrogen uranyl phosphate ).

2.2.1.4 Chronic Toxicity Bioassay Methods (Shealy Environmental)

The 7-day chronic toxicity assay was performed February 9-16, 1989, as seven treatments
exposing 10 female test organisms each. The laboratory chronic toxicity testing procedures were
the same as a previously described for Shealy Environmental (Section 2.1.1.2). The first treatment
was the control (100% filtered Upper Three Runs water). The hydrogen uranyl phosphate solution
concentrations were 0.056 rag/L, 0.10 rag/L, 0.18 rag/L, 0.32 mg/L, 0.56 mg/L, and 1.0 mg/L
(as hydrogen uranyl phosphate). Ali test solutions were prepared from stock hydrogen uranyl
phosphate solutions prepared daily by dosing the dilution water with the appropriate aliquot using
Hamilton microliter syringes (accuracy and reproducibility to + 1%). The HUP stock solutions
were prepared in the same manner as the acute test with each new solution being stirred for 5
minutes and the precipitate being allowed to settle for 30 minutes. The test organisms were
exposed to each treatment in individual test chambers. Test solutions were renewed daily.
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2.2.2 Repeat Acute and Chronic Toxicity Testing of Hydrogen Uranyl
Phosphate

2.2.2.1 Laboratory_Methods andOualityAssur_ce (Normandeau Associates)

The laboratory methods and Quality Assurance procedures used by Normandeau Associates for the
repeat HUP testing were the same as the initial tests, with the following exceptions:

Water from Upper Three Runs served as the water for the culture of the Ceriodanhnia dubia and as
control and dilutant for both the repeat acute and chronic toxicity tests conducted on HUO2PO4 •
4H20. Typical water quality values for this creek are listed in Attachment XII, Table 1-1. Water for
ali toxicity tests was collected from the Road 2-1 bridge located on SRS. Water was collected the
day each test was initiated and was used within 72 hr of collection. New samples of water were
collected once every 72 hr Water was not filtered prior to use in the acute toxicity tests, but was
filtered through a plankton et for use in the cru'onic tests.

Glassware Pretmration All glassware was cleaned before and after use. Glassware
was first rinsed with pesticide-free acetone, then with methanol followed by methylene
chloride, lt was soaked for 24 hr in a 5% Contrad solution and rinsed with deionized water.
lt was air-dryed, and then soaked for 24 hr in 2% HNO3. Deionized water was then used in
the final rinses (5 times) and rinsed with pesticide-free acetone. Ali borosilicate beakers
used in the toxicity tests were maintained separately from other laboratory glassware and
were used only for toxicity tests. Just prior to use, these beakers were rinsed with dilution
water.

t'reoaration of Stock Solutions Unless otherwise specified, ali solutions (both stock
and test) were prepared using volumetric glassware and calibrated pipettes or pipetters. The
same hydrogen uranyl phosphate stock solution was used for both the acute and chronic
tests. The concentration of the dissolved uranium in the stock solution was confirmed
analytically before it was used in a test.

Hydrogen Uranyl Phosohate Reagent grade uranyl nitrate (MaUinckrodt Lot #8640
KCAP) and phosphoric acid were used to prepare hydrogen uranyl phosphate. The uranyl
nitrate was mixed with phosphoric acid (1:1 moles uranium to moles phosphate). This
mixture was neutralized to pH 6-7 with 1.0 N NaOH and stirred for 15 rain. The resulting
precipitate (HUO2PO4*4H20) was filtered through Whatman #4 f'dter paper, washed three
times with deionized water, transferred to a watch glass and dried at 105 ° C for
appro_mamly 16 hr.

A saturated stock solution of hydrogen uranyl phosphate were prepared by mixing 0.4 grn
of compound with 19 L of Upper three Runs water for approximately 16 hr. The resultant
suspension was filtered through a 0.45 _tm polycarbonate filter (Millipore Corp., Bedford,
MA.). The filtrate was analyzed to determine the amount of dissolved uranium. The
measured concentration of uranium in the stock solution equaled 0.26 + 0.02 mg/L
uranium. The filtrate used as a stock solution to prepare ali toxicity test solutions.

Quali_ Assurance The Quality Assurance procedures used by Normandeau Associates
were same as previously described (Sec. 2.1.3.1)
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2.2.2.2 AcumToxicityTest Methods(NormandeauAssociates)

The acute toxicity proceduresused for the repeat HUP testing were the same as the initial tests
(Section 2.1.3.2), with the following exceptions:

The 48 hr static tests were performedwith and without food addedto the mst solutions. The unfed
acute test was conductedJune 29 - July 1, 1989. The fed acute test was conductedJuly 11 - July
13, 1989.

All test solutions for the acute static renewal toxicity tests were prepaw.xidaily. Test solutions were
prepared by diluting _,¢ HUP stock solution.The undiluted stock solution served as the highest test
concentration.

(2. dubia were exposed to the following dilution series of hydrogen uranyl phosphate in both acute
toxicity tests (fed and un-fed):

0 (control), 0.10, 0.13, 0.16, 0.20, 0.23 and 0.26 mg/L uranium (nominal U concentration).

Graduated cylinders and a variable pipetter were used to transfer aliquots of chemical stock solution
to 500 ml volumetric flasks. The flask contents were then adjusted to 500 ml with U3R water.
Test solutions were prepared from the lowest to the highest nominal concentration if dissolved
uranium using the same volumetric flask.

In the acute toxicity test with fed organisms, a mixture of algal suspension and yeast - trout chow
-cerophyLlwas added at a f'malconcentration of 0.033 ml/mi test solution. Organisms were fed at
test initiation and after 24 hr.

The 48 h LC50values were determined by theTrimmed Spearman-Karber procedure.

2.2.2.3 ChronicToxicity Test Methods (NormandeauAssociates)

The chronic toxicity procedures used for the repeat HUP testing were the same as the initial tests
(Section 2.1.3.3), with the following exceptions:

Testing was performed in 20-ml cups (Solo Corp.) containing 15 ml of test solution.

The following flihtions were used in the seven-daystatic renewal life cycle tests conducted hydrogen
uranyl phosphate:

0 (Control), 0.0002, 0.0006, 0.002, 0.006, 0.020, 0.060, 0.120, and 0.200 mg/L dissolved
uranium*.

* Nominal concentrations based on dilution of meastacxtstock solutions
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2.2.2.4 Acute Toxicity Test Methods (Shealy EnvirortmentaD

TheShealyEn_ntaI laboratoryandtoxicitytestingmethodsfortherepeathydrogenuranyl
phosphatetestsam describedindetailinAttachmentXIR,"TestReportNo.80084Final,Acute
andChronicToxicityofHydrogenUranylPhosphatetoCcriodaphniadubia."AnalytiKEMInc.,
Rock Hill,SC 29730(January5,1990).

The laboratorymethodsandproceduresusedby ShealyEnvironmentalfortherepeathydrogen
uranylphosphateacutetoxicitytestingwerethesameastheinitialHUP tests,withthefollowing
exceptions:

Dilutionwaterforthetoxicitytestswas collectedAugust9,1989fromUpperThreeRuns atthe
northsideofabridgeonRoad2-1ontheSavannahRiverPlantsite.Onlyonebatchofwaterwas
usedfortheacuteandchronictoxicitytestsductotheappearanceofsporadictoxicityintheU3R
water.

Standard toxicant test with the EPA reference toxicant cadmium chloride (Lab. lD. No. 88-964) are
performed twice monthly on Ceriodaphnia cultured in water from Upper Three Runs Creek in
conjunction with the acute and chronic tests. The results of this test demonstrated that the
condition of the culture was within the acveptable range for test organisms (Central tendency =
0.138 ppm, Upper Limit = 0.25 ppm, Lower Limit =,0.03 ppm).

The hydrogen uranyl phosphate (HUP) was prepared by Shealy as recommettded in Attachment,
XI, by mixing uranyl nitram and phosphoric acid at a 1 mole uranium to I moles phosphate ratio,
and then neutralizing to pH 6-7 with sodium hydroxide. The precipitate was stirred for 15
minutes, and then filtered through #40 Whatman filter paper. The compound was rinsed three
times with deionized water and dried overnight at 105°C. Shealy sent the dried compound to
AnalytiKEM, Inc. for preparation of a uranium stock solution.

A 1.05 mg/L HUP stock solution was prepared AnalytiKEM, Inc. by filtering a 2000 mg/L
solution of HUP through a 0.45 gm filter, and then returned to Shealy. The toxicity test
concentratioi_s were prepared by dosing the dilution water with the appropriate aliquot of the
uranium stock solution using Class A volumetric filters. After ali testing was completed by Shealy,
the uranium stock solution was returned to AnalytiKEM, Inc., for verification of the concentration.
The uranium content was verified on September 29, 1989 to be 1.00 mg/L uranium.

The 48-hour acute toxicity test was conducted August 17-19, 1989, with the following hydrogen
uranyl phosphate concentrations:

0.10, 0.15, 0.20,,0.25, and 0.30 mg/L as theoretical uranium.

2.2.2.5 Chronic Toxicity Bioassay Methods (Shcgly Environmental)

"l'hclaboratorymethodsandproceduresusedbyShcalyEnvironmentalfortherepeatHUP chronic
toxicity testing were the same as the initial tests, with the following exceptions:

The 7-day chronic toxicity assay was performed September 2-9, 1989, as six treatments exposing
10 female test organisms each. The first treatment was the control (100% filtered Upper Three
Runs water). The hydrogen uranyl phosphate solution concentrations were 0.020 mg/L, 0.035
rag/L, 0.050 rag/L, 0.065 nag/L, and 0.080 rag/L, as theoretical uranium.
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2.3 Acute and Chronic Toxicity Testing on Uranium Dioxide

2.3.1 Acute Toxicity Laboratory Methods and Procedures
(Normandeau Associates)

The laboratory methods and procedures for the acute toxicity tests for uranium dioxide by
Normandeau Associates were the same as described previously for uranyl nitrate (Sections 2.1.3.1
& 2.1.3.2).

Prcvaration of Stock Solutions Unless otherwise specified, all solutions (both
stock and test) were prepared using volumetric glassware and calibrated pipettes or
pipetters. The concentration of total uranium was confirmed analytically before each stock
solution was used in a test. These solutions were prepared in sufficient quantities so that
the same stock solution was used for both the acute and chronic toxicity tests.

Uranium Dioxide Uranium dioxide (UO2) used in this study was provided by the

Department of Energy, Savannah River Office. The sample consisted of a liquid overlying
a layer of solid material that had settled on the bottom of the container. The liquid portion
was decanted and filtered through a glass fiber filter (Whatman GF/C). The fine
particulates remaining in the filtrate were allowed to settle. A pipette was used to transfer'
the solution without re-suspension of the particulate material. This solution served as the
U O2 stock solution for the acute and chronic toxicity tests. The stock solution was
measured to determine the concentration of total uranium in the "as made" stock solutions
of uranium dioxide. Measured concentration of uranium in this solution equaled 114 mg/L
total uranium.

C. dubia were exposed to the following dilution series for uranium dioxide for the acute toxicity
tests:

0 (control), 0.01, 0.04, 0.0"7,0.I0, 0.13 mg/L total uranium (nominalvalues)*

* Nominal concentrationsbasedon dilution of measuredstocksolutions.

2.3.2 Chronic Toxicity Testing Methods (Normandeau Associates)

The chronic toxi_ty procedures used for the uraniumdioxide testing were the same as the chronic
tests on uranylnitrate (Section 2.1.3.3), with the following exceptions:

The following dilutions were used in the seven-day smile renewal life cycle tests conducted on
uranium dioxide:

0 (Control), 0.0015, 0.005, 0.015, 0.03,, 0.05 mg/L total uranium*

* Nominal U concentrations based on dilution of measured stock solutions.
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3.0 TQ]KIcrrY TEST RESULTS

3.1 Acute and Chronic Toxicity Test Results on Uranyl Nitrate

3.1.1 Initial Acute and Chronic Toxicity Tests on Uranyl Nitrate.

3.1.1.1 ktitial Acute Toxicity_Test Results (Shealy Environmental )

The results of the initial Shealy 48-hour acute toxicity bioassay are given in Table 1. The acute
toxicity was determined vs. the concentration of total uranium recovered from the analyzed uranyl
nitrate solutions. Actual recovered and theoretical uranium concentrations were essentially the same
at the concentration ranges used in the acute tests. Mortality occurred in the 0.081 mg/L (100%
mortality), 0.140 mg/L (100% mortality), 0.290 mg/l., (100% mortality) and 0.490 mg/L (100%
mortality) recovered uranium concentrations. No mortality occurred in the control or the 0.044
mg/L uranium concentration. These data were used to determine a 48 -hour LCs0 (median lethal '
concentration) value with the Binomial Method. 11 This calculation resulted in a 48-hour LCs0 value
of 0.060 mg/L uranium with 95% confidence limits of 0.044 and 0.081 mg/L.

Water chemistry data taken in conjunction with the acute bioassay are given in Attachment V, (Table
5). Ali parameters monitored were within acceptable limits for bioassay purposes.

3.1.1.2 Initial Chronic Toxicity_Bioassay fShealy Environmental t

The results of the 7-day chronic toxicity test conducted August 5-12, 1988, are given in Table 2.
Mortality occurred in the 0.0015 mg/L (10% mortality), 0.0047 mg/L (20% mortality) and 0.0085
mg/L (10% mortality) theoretical uranium concentrations. No mortality occurred in the control.
Reproduction in the control averaged 32.9 offspring per female. One male was observed in the
0.027 mg/L and 0.047 mg/L uranium concentrauons. Males were not included in calculating the
reproduction data as directed by SCDHEC (Mr. Dave Graves, Biological Services Division,
personal communication to Shealy Environmental ).

The reproduction data were tested for normality using the Chi-Square Goodness of Fit Test and
homogeneity of variances using Bartlett's Test. Log transformed data were found to be normally
distributed (Chi-Square = 6.915, critical value = 13.28) with homogeneous variances (Bartlett's =
8.22; critical value = 12.59). Statistical analyses of the results using Dunnett's Multiple
Comparison Procedure indicated chronic toxicity at the 0.0027 mg/L, 0.0047 rag/L, 0.0085 mg/L,
0.015 mg/L, 0.027 mg/L and 0.047 mg/L theoretical uranyl nitrate (as uranium) concentrations
(actual recovered uranium concentrations <0.0013, 0.0021, 0.0014, 0.0096, 0.015 and 0.044
rag/L, respectively).

P

The no observed effect concentration (NOEC) was 0.0015 mg/L uranyl nitrate (as theoretical
uranium) (<0.0013 mg/L actual recovered uranium) while the lowest observed effect concentration
(LOEC) was 0.0027 mg/L uranyl nitrate (as uranium) (<0.0013 mg/L actual uranium). The
chronic value (ChV), taken as the geometric mean of the NOEC and LOEC, was 0.0020 mg/L
uranyl nitrate (as theoretical uranium).

Water chemistry data taken in conjunction with the chronic toxicity test are given in Attachment V,
Table 7. Ali parameters monitored were within acceptable limits for bioassay purposes.
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Table 1

Initial Acute Toxicity Results on Uranyl Nitrate
by Shealy Environmental

Number and percentage of Ceriodaphnia showing effect (death) during the 4g-hour static renewal
bioassay to determine the acute toxicity of uranyl nitrate to Ceriodanhnia dubia. August 10 - 12,
1988. Concentrations in theoredcaland actual recovered uranium. -Ten test organisms per replicate.

Number Affected After %
_ 48 Hours Mortality

Control A 0 0
0

B 0 0

Theoretical U Rec;overed U
m/L

A 0 0 ,
0.047 0.044 0

B 0 0

A 0 10
0.085 0.081 100

B 0 10

,._

A 10 10
0.15 0.14 100

B 10 10

A 10 10
0.27 0.29 100

B 10 10

A 10 10
0.47 0.49 100%

B 10 10

LCs0 = 0.060 mg/L U, based on recovered (measured uranium).
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Table 2

Initial Chronic Toxicity Results on Uranyl Nitrate
by Shealy Environmental

Average reproductionof Ceriodaphnia _ in the uranyl nitrate solutions was as follows:

Off_s_3ringper female % Mortalit'y

Control = ._2.9 0

Theoretical U Recovered U
m_./L

0.0015 <0.0013 = 30.3 I0

0.0027 <0.0013 = 23.5 0

0.0047 0.0021 = 21.2 20

0.0085 0.0014 = 16.6 10

0.015 0.0096 = 17.5 0

0.027 0.015 ---18.3 0

0.047 0.044 - 15.7 0

NOEC =0.0015 mg/L U, LOEC =0.0027 rag/L, ChV -0.0020 rag/l, theoretical uranium



3.1.2 Repeat Acute and Chronic Toxicity Testing of Uranyl Nitrate

3.1.2.1 Re,at Acute Toxici _tyTest (Shealy Environmental )

The results of the second Shealy 48-hour acute toxicity bioassay are given in Table 3. The acute
toxicity was determined vs. the concentration of total uranium recovered from the analyzed uranyl
nitrate solutions. Theoretical and recovered uranium concentrations were essentially the same at the
concentration ranges used in the acute tests. Mortality occurred ha the 0.051 mg/L (15% mortality),
0.088 mg/L (45% mortality), 0.160 mg/L (95% mortality) and 0.270 mg/L (95% mortality) and
0.500 mg/L (100% mortality) recovered uranium concentrations. No mortality occurred in the
control. These data were used to determine a 48 -hour LC50 (median lethal concentration) value
with the Probit Method. 11 This calculation resulted in a 48-hour LC50 value of 9.089 mg/L
uranium with 95% confidence limits of 0.072 and 0.107 mg/L.

Water chemistry data taken in conjunction with the acute bioassay are given in Attachment VIII,
Table 4. Ali parameters monitored were within acceptable limits for bioassay purposes.

3.1.2.2 Repeat Chronic Toxicity Bioassay (Shealy Environmental )

The 7-day chronic toxicity test was conducted February 9-16, 1989, as seven treatments exposing
10 test organisms each. The results are given in Table 4. Mortality of the adult females occurred in
the 0.0015 mg/L (10% mortality), 0.0027 mg/L (10% mortality), 0.0047 mg/L (10% mortality),
0.0085 mg/L (10% mortality) and 0.015 mg/L (20% mortality) 0.0015 mg/L (10% mortality),
0.0047 mg/L (20% mortality) theoretical uranium concentrations. No mortality occurred in the
control or the 0.027 theoretical uranium concentration. Reproduction in the control averaged 19.5
offspring per female. One male was observed in the 0.0027 mg/L uranium concentration. Males
were not included in calculating the reproduction data as specified by SCDHEC.

The reproduction data were tested for normality using the Chi-Square Goodness of Fit Test. Log
transformed data were found to _ not normally distributed (Chi-Square = 20.91, critical value -
13.28) with homogeneous varian. (Bartlett's -- 8.22; critical value = 12.59). Statistical analyses
of the results using Wilcoxon Raz 3urn Test indicated chronic toxicity at the 0.0047 mg/L, 0.0085
mg/L, 0.015 mg/L, and 0.027 mg,'L as theoretical uranium concentrations (recovered uranium
concentrations 0.0025, 0.0039, 0.0081, 0.016, and 0.036 mg/L, respectively).

The no observed effect concentration (NOEC) was 0.0027 mg/L as theoretical uranium, while the
lowest observed effect concentration (LOEC) was 0.0047 mg/L as theoretical uranium. The chronic
value (ChV), takkn as the geometric mean of the NOEC and LOEC, was 0.0036 mg/L as theoretical
uranium.

Water chemistry data taken in conjunction with the chronic toxicity test are given in Attachment
VIII, Table 6. Ali parameters monitored were within acceptable limits for bioassay purposes except
for the pH readings on February 14 and 15. For those days pH's of less than 6 were recorded for
ali concentrations and the control
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Table 3

Repeat Acute Toxicity Results on Uranyl Nitrate
by Shealy Environmental

Number and percentage of Ceriodaphnia showing frf.ect (death).durin.g.the48.horn" static renewal
bioassay to determine the acute toxicity of Uranyl rutrate to Cenoaapnma _ january 25-27,
1989. Concentrations in uranyl nitrate, theoretical ,atanium and actual recovered uranium. Ten test
organisms pcr replicate.

Test Number Affected After %
_oncentration _ _ 48 Hours Mortality_

Control A 0 0

B 0 0

Actual

UO2(NO3)_2.6H90 Theoretical U Recovered U
- m_/L

-- i

A 0 1
C.10 0.047 0.051 15

B 0 2

A 0 4
0.18 0.085 0.088 45

B 0 5

A t, 9
0.32 0.15 0.160 95

B 8 10

A 5 10
0.56 _ 0.27 0.270 95

B 8 9

A 10 I0
1.0 0.47 0.500 100

B 10 10

LCs0 = 0.089 mglL uranium (as recovered/measttreA uranium)
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Table 4

Repeat Chronic Toxicity Results on Uranyl Nitrate
by Shealy Environmental

Average_uction inthe,uranylnitratesolutionswasasfollows:

OffstnJn2 r_erfemale %Morality_ v -

Control = 19.5 0

UO2CNO__)2 -6H_0 Theoretical U Recovered U
- mT.JL

0.0032 0.0015 0.00033 =19.9 10

0.0056 0.0027 0.0025 = 17.7 10

0.010 0.0047 0.0039 = 9.0 10

0.018 0.0085 0.0081 = 10.7 10

0.032 0.015 0.016 = 8.3 20 ,

0.056 0.027 0.036 = 6.9 0

NOEC = 0.0027 rag/L, LOEC = 0.0047 rag/L, ChV = 0.0036 mg/L (as theoretical uranium)
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3.1.3 Confirmation Acute and Chronic Toxicity Testing on Uranyl Nitrate

3.1.3.1 Confirmation Acute Toxicity Test on Uranyl Nitrate (Norrnandeau Associates)

The results of the 48-hour static renewal acute toxicity test conducted November 21-23, 1988 on
uranyl nitrate are given in Table 5. The acute toxicity was determined vs. the nominal (theoretical)
concentration of total uranium in the uranyl nitrate solutions. Theoretical and actual recovered
uranium concentrations were essentially the same at the concentration ranges used in the acute tests.
Significant mortality occurred in the four highest test concentrations in the initial 24 hr.. At 48
hours, partial mortality (15%) was observed at the lowest concentration (0.051 mg_) and complete
mortality was observed at ali other test concentrations (0.127, 0.190, 0.254, and 0.38I mg/L)
nominal uranium concentrations. Five % mortality occurred in the control. These data were used
to determine a 48 -hour LCs0 (median lethal concentration) value using a Binomial probability
method of calculation.

This resulted in a 48-hour LCs0 value of 0.071 mg/L uranium with 95% confidence limits of 0.051
and 0.127 mg/L, nominal (theoretical) uranium.

Water chemistry data taken in conjunction with the acute bioassay are given in Attachment IX to this
report. (Appendix 2, Table 1)

3.1.3.2 Confirmation Chronic Toxicity Test on Uranyl Nitrate (Normandeau Associates)
t,

The 7-day chronic toxicity test was conducted December 9-16, 1988. The results are given in Table
6. Mortality of the adult females occurred in the 0.002 mg/L (35% mortality), 0.008 mg/L (10%
mortality), 0.023 mg/L (5% mortality), 0.046 mg/L (5% mortality) and 0.076 mg/L (10 mortality)

O theoretical uranium concentrations. Five % mortality occurred in the control. Reproduction in thecontrol averaged 15.5 offspring per female.

Mortality was relatively high among the original females exposed to the 0.002 mg/L nominal
uranium concentration. Although it is not known why the mortality, was so high at this test
concentration, it is believed that this response was unrelated to the uramum exposure. The results
of the exposure to the 0.002 mg/L uranium were not considered in further analysis of these test
results.

The reproduction data were tested for normality using the Chi-Square Goodness of Fit Test and
Bartlett's Test. The results were found to be normally distributed and the variances were
homogenous (Chi-Square = 9.16, critical value = 13.28: Bartlett's = 2.36; critical value = 9.49).
Statistical analyses of the results using Durmett's multiple comparison test indicated that exposure of
C. dubia to concentrations equal to or greater than 0.008 mg/L total uranium resulted in a significant
difference in pfocquctionof young compared to the control.

It was recommended that:
No Observed Effect Conc.e.ntration(NOEC) was <0.008 mg/L and,
Lowest Observed Effect Concentration (LOEC) was 0.008 mg/L as theoretical uranium.

The theoretical/nominal (as prepared) uraniumconcentrations were utilized for the determination of
the NOEC and LOEC.

Water chemistry data taken in conjunction with the chronic toxicity test are given in Attachment IX,
Appendix 3, Tables 1 and 3 to this report. The statistical analyses are detailed in Attachment IX.
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Table S

ConfirmationAcute ToxicityResultson Uranyl Nitrate
by Normandeau Associates

Number andpercentageofCeriodaphniashowingeffect(death)duringthe48-hourstaticrenewal
bioassaytodeterminetheacutetoxicityofUranylnitratetoCeriodaphniaflubia.November21-23,
1988. Twentytestorganismswereexposedtoeachconcentration,withtwotestsperconcentration.
(10organismsperreplicate)

Test Number AffectextAfter %
Concentration _ _

Control 0 1 5

m_.._

Theoretical U Recovered U

0.051 0.042 0 3 15
t

0.127 0.117 19 20 100

0.190 0.219 20 -- 100

0.254 0.325 20 -- 100

0.381 0.322 20 -- 100

LCso = 0.071 mg/I U (as theoretical uranium)
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Table 6

Confirmation Chronic Toxicity Results on Uranyl Nitrate
by Normandeau Associates

Static life cycle test, performed on Ceriodaphnia _ December 9-16, 1988.20 females per test
concentration. Average reproduction in the uranyl nitrate solutions was as follows:

Offsorin_ net female_

Control 15.5 5
nag/I.,

Nominal U Measured U

0.002 0.002 9.70 35

0.008 0.007 11.40 10

0.023 0.020 12.55 5

0.046 0.039 8.65 5

0.076 0.064 5.05 10 ,

NOEC = <0.008 mg/L U, LOEC = 0.008 mg/l., U (as theoretical uranium).
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3.2 Acute and Chronic Toxicity Testing of Hydrogen Uranyl Phosphate

3.2.1 Initial Acute and Chronic Test Results on Hydrogen Uranyl Phosphate

3.2,1.1 Acute Toxicity Test Results on Hydrogen Uranyl Phosphate (Normandeau Associates)-v

The acute toxicity of HUO2PO4.4H20 to C. dubia was determined. The results of initial and final
basic water chemistry analyses performed on ali solutions used in this acute test are listed in
Attachment IX, Appendix 2, Table 2.

No test organism mortality was observed in any of the test concentrations of hydrogen uranyl
phosphate after 24 hr of exposure (Table 7). Partial mortality was observed at all test
concentrations 48 hr foUowing test initiation. A 48 h LC50 of 0.110 mg/L nominal uranium was
calculated from these data, using a Trimmed Spearman-Ka.,ber calcadation. (95% confidence limits
= 0.10 to 0.12 mg/L nominal uranium).

3.2,1.2 Chronic Toxicity Test Results on Hydrogen Uranyl Phosphate (NormanOeau Associates)

Test results are given in Table 8. The concentration of total uranium was measured daily in the next
to the highest test solution of hydrogen uranyl phosphate (0.120 mg/L nominal uranium
concentration) used in the seven-day chronic test resul_d in a measured average of 0.119 mg/L, '
with a standard deviation of 0.020. The daily uranium analyses are given in Attachment IX, Table
3-2. The results of ali initial and final basic water cherrfistry analyses performed on ali HUO2PO4
•4H20 solutions are listed in Attachment IX, Appendix 3, Tables 3 and 4.

Some mortality was observed among C. dubia exposed to ali test concentrations of HUO2PO4 •
4H20 used in the chronic test (Table 8). Both brood and young production were reduced among
test organisms as compared to the control individuals. These data suggested that exposure to ali of
the concentrations of total uranium in the form of HUO2PO4,4H20 adversely affected C. dubia.

Fisher's Exact test was used to analyze adult survival data. The results of this test indicated no
significant difference existed in the percent survival among C. d.dyJ._exposed to any of the solutions
used in this chronic test. Offspring production by individuals exposed to ali test concentrations of
HUO2PO4"4H20 was included in ali other analyses performed on this data.

The results of the Chi-Square Goodness of Fit and Bartlett's Test indicated that data were normally
distributed and that the variances were homogeneous. Parametric procedures were used to perform
allotheranalyse_.

A one-way analysis of variance (ANOVA) was conducted to determine if significant differences
existed in the offspring produced by (2._ exposed to test concentrations of hydrogen uranyl
phosphate. Results of this test indicated that reproduction among the various treatment groups
differed significantly. Dunnett's multiple comparison test indicated that exposure of C. dubia to ali
test concentrations _>to 0.006 mg/L total uranium resulted in a significant reduction in production
of young when compared to the control. This seven-day life cycle test determined that the NOEC
for HUO2PO4.4H20 expressed as total m'anium equals some value < 0.006 mg/L and the LOEC
equals 0.006 mg/L. The Minimum Significant Difference (MSD) test determined that a 28.5%
reduction in the mean number of offspring from the control production (i.e. mean offspring
production of < 11.01) could be detccted_

- 26-



Table 7

Initial Acute Toxicity Testing Conducted on Hydrogen Uranyl Phosphate
by Normandeau Associates

Results of a Ceriodaohnia _ 48 h static renewal acute toxicity test conducted on hydrogen
uranyl phosphate, lqovember 21 - 23, 1988. Twenty organisms were exposed to each
concentration. Concentrations were tested in duplicate (10 organisms/replicate). Test vessels =
250-ml glass beakers containing 100 ml/beaker.

Nominal Measured Concentration Total Mortalities
Concentration (mg/L total U) 24h 48h % Mortality
(mg./L total U) a (11-21-88) (I 1-22-88) at 48 hr

Control 0 0 0

0.040 0 3 15

0.060 0 1 5

0.080 0.064 0.061 0 4 20

0.100 0 5 25
t

0.120 0.131 0.117 0 14 70

aNominal concentrations based on measured stock solutions.

LCs0 = 0.110 mg/L U (nominal uranium)
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Table 8

Initial Chronic Toxicity Testing Conducted on Hydrogen Uranyl Phosphate
by Normandeau Associates

Results of a static renewal life cycle test for Ceriodaphnia dubia exposed to hydrogen uranyl
phosphate, December 13 - 20 1988.

Nominal* Mean X (SD) a X broods b % Mortality
Concentration Measured of young per of
fmg./L total U) Concentrations lZ_r..fglllf_ female ori_nal females

(mgJL total U)

Control 15.40 (7.79) 2.3 I0

0.006 9.45 (6 _2) 2.1 20

0.020 9.10 (67) 1.7 30

0.060 8.60 (5.37) 1.8 20

0.120 0.119 9.80 (5.49) 2.1 5

0.200 8.25 (5.16) 1.8 15

*Nominal concentrations based on dilution of measured stock solutions.

aMean value based on number of young produced by 20 original females.
bMean value based on surviving original females.
(SD = Standard Deviation)

NOEC = < 0.006 mg/L total U LOEC = 0.006 mg/L total U ChV = NA
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3.2.1.3 Acute Toxicity_Test Results on Hydrogen Uranyl Phosphate (Shealy Environmental)

The results of the initial Shealy 48-hour acute toxicity bioassay for hydrogen uranyl phosphate are
given in Table 9. The acute toxicity, was determined vs. the concentration of theoretical uranium
concentrations. The recovered uranmm concentrations results were sporadic, and ranged from 2 to
10 times lower than the theoretical uranium concentration. Mortality occurred in the 0.54 mg/L
(20% mortality), 0.97 mg/L (100% mortality), and 1.72 mg/L (100% mortality) theoretical
uranium concentrations. No mortality occurred in the 0.17 mg/L or 0.30 mg/L theoretical uranium
concentrations and the control. These data were used to determine a 48-hour LC50 (median lethal
concentration) value with the Binomial method. 11 This calculation resulted in a 48-hour LC50
value of 0.65 mg/L theoretical uranium concentration with 95% confidence limits of 0.54 and 0.197
mg/L. Extrapolating from the theoretical uranium concentrations to the actual recovered uranium
concentrations results in a 48-hr LC50 of -0.070 mg/L uranium.

The recovered uranium values vs. the theoretical values indicated that the technique of weighing a
known amount of hydrogen uranyl phosphate did not result in the expected amount of soluble HUP
in solution. As discussed below (Section 3.2.2.3), the acute toxicity test was therefore repeated
with HUP, starting with a known stock solution of predetermined uranium concentration.

Water chemistry data taken in conjunction with the acute bioassay are given in Attachment X, Table
5. Ali parameters monitored were within acceptable limits for bioassay purposes except for the pH
readings on February 17 for the 1.0, 1.8, and 3.2 mg/L HUP concentrauons, which were <6.0.

3.2.1.4 _nic Toxicity_Test Results on Hydrogen Uranyl Phosphate (Shealy Environmental)

The initial 7-day chronic toxicity test with HUP was conducted February 9-16, 1989, as seven
treatments exposing 10 test organisms each. The results are given in Table 10. Mortality of the
adult females occurred in the control (10% mortality) 0.030 mg/L (10% mortality), 0.054 mg/L
(10% mortality), 0.17 mg/L (10% mortality), 0.30 mg/L (20% mortality) and 0.54 mg/L (10%
mortality) theoretical uranium concentrations. No mortality occurred in the 0.097 theoretical
uranium concentration. Reproduction in the control averaged 17.0 offspring per female.

The reproduction data were tested for normality using the Chi-Square Goodness of Fit Test. and for
homogeneous variances using Bartlett's test. Non-transformed data were found to be normally
distributed (Chi-Square = 3.22, critical value = 12.59), with homogeneous variances (Bartlett's test
p value = 0.445,p=0.01). Statistical analyses of the results using Dunnett's multiple comparison
Procedure indicated chronic toxicity at the 0.30 mg/I., and 0.54 mg/L as theoretical uranium
concentrations (recovered uranium concentrations 0.043 and 0.063 rag/L, respectively).

The no observed effect concentration (NOEC) was 0.17 mg/L as theoretical uranium (0.050
recovered uranit]m), while the lowest observed effect concentration (LOEC) was 0.30 mg/L as
theoretical uranium (0.043 recovered uranium). The chronic value (ChV) was estimated to be
approximately 0.050 mg/L as recovered uranium.

The theoretical vs. the actual recovered uranium concentrations for the chronic toxicity tests
indicated that the procedure for preparing the test solutions from the precipitated HUP resulted in
much lower than expected concentrations of dissolved uranium in solution, as had been observed
for the acute toxicity tests. The chronic toxicity tests for hydrogen uranyl phosphate were repeated
(Section 3.2.2.4 ).

Water chemistry data taken in conjunction with the chronic toxicity test are given in Attachment X,
Table 7. Ali parameters monitored were within acceptable limits for bioassay purposes except for
the pH readings on February 14 and 15. For these days pH's of less than 6 were recorded for ali
concentrations and the control. Note, a similar variance was recorded for the pH's of the uranyl
nitrate toxicity, tests being conducted on the same days (Section 3.1.2.2).
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Table 9

Initial Acute Toxicity Results on Hydrogen Uranyl Phosphate
by Shealy Environmental

Number and percentage of Ceriodaphnia showing effect (death) during the 48-hour static renewal
bioassay to determine the acute toxicity of hydrogen uranyl phosphate to Ceriodavhnia dublin
February 17-19, 1989. Concentrations in hydrogen uranyl phosphate, theoreticai uranium, and
actual recovered uranium. Ten test organisms per replicate.

Test Number Affected After %
Concentration _ _ 48 Hours Mortaliw

Control A 0 0
0

B 0 0

Actual

HUO2PO4.H20 Theoretical ld R_¢overed U
m_L

- A 0 0 ,
0.32 0.17 0.036 0

B 0 0

A 0 0
0.56 0.30 0.190 0

B 0 0

A 2 2
1.0 0.54 0.059 20

B 0 2

A 10 -
1.8 0.97 0.099 100

B 8 10

A I0 -
3.2 1.72 0.170 100

B I0 -

LCs0 = -0.070 mg/L U ( as recovered uranium)
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Table 10

Initial Chronic Toxicity Results on Hydrogen Uranyl Phosphate
by Shealy Environmental

Average reproduction of Ceriodaphnia dubia in the hydrogen uranyl phosphate solutions was as
follows:

Off spring _ female % Mortali_ty

Control = 17.0 10

Actual

_'-[]2,fl Theoretical U t_ecovered U*

mt,

0.056 0.030 0.028 = 12.5 10

0.10 0.054 0.021 = 13.1 10

0.18 0.097 0.037 = 13.8 0

0.32 0.17 0.050 = 13.3 10

0.56 0.30 0.043 = 9.0 20

1.0 0.54 0.063 - 7.0 10

*Average of 2 determinations

Calcula_ values:

NOEC = 0.17mg/L U astheorgticaluranium(0.050recove_ uranium),
LOEC = 0.30 mg/L as theoretical uranium (0.043 recovered uranium)
ChV estimated to be approximately 0.050 mg/L as recovered uranium.

The NOEC and LOEC were concluded to be < 0.021 mg/l., U, based on the relatively high statistical
variance of the control reproducibility (25.8%), which resulted in a "low" critical value of 12.59.
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3.2.2 Repeat Acute and Chronic Toxicity Testing on Hydrogen Uranyl Phosphate

3.2.2.1 Acute Toxiei _tyTest Results on Hydrggen Uranyl Phosphate by Normandeau Associates

Acute Toxicity Test . Unfed Organisms Results of the repeat acute toxicity test
with unfed test-organisms are summarized in Table 11. Partial test organism mortality .was
observed in the control, 0.16, 0.23, and 0.26 mg/L dissolved uranium nominal test
concentrations after 24 h of exposure. Complete mortality was observed in the 0.16, 0.20,
0.23, and 0.26 mg/L dissolved uranium (nominal) concentrations at test termination.
Control mortality at test termination equaled 5%. Based on these test results, the 48 hr
LCs0 for unfed test organisms equaled 0.12 mg/L nominal uranium concentration (95%
confidence limits = 0.11 to 0.13 mg/L dissolved uranium. The 48 hr LCs0 for unfed test
organisms equaled 0.10 mg/L measured uranium concentration (95% _.ortfidence limits =
0.09 to 0.11 mg/L dissolved uranium.

The results of basic wate ":emistry analyses performed on ali solutions used in this acute
toxicity test are listed in ,,_ .achment XII, Appenam 2, Tables 1 through 4.

Acute Toxici_ Test. Fed Oreanisms A 48 hr static renewal acute toxicity test was
conducted to determine the effect of food (algae/YTC) on the toxicity of hydrogen uranyl
phosphate to C. dal2iil. Results of this test axe summarized in Table 12. No test org.anism
mortality was observed in any test concentration after 24 h of exposure. At test terrmnation
partial mortality (i.e., 5%) was observed in the 0.26 mg/L nominal uranium exposure..
Based on these test results, the nominal 48 h LC50 equaled > 0.26 mg/L dissolved
uranium. The nominal and measured uranium concentrations were the same in this test.

The results of basic water chemistry analyses performed on ali solutions used in the repeat
acute toxicity tests are listed in Attachment XII, Appendix 2, Tables 5 through 8.

t
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Table 11

Repeat Acute Toxicity Test with Unfed Organisms on Hydrogen Uranyl Phosphate
by Normandeau Associates

Results of a 48 h Ceriodaohnia fllll2ia_static renewal acute toxicity test conducted on hydrogen
uranyl phosphate June 29 Ouly 1, 1989. Test organisms were not fed during the test.

Measali_ Measured
Nominal Concentrations Concentrations Total Morta,liljesa

Concentration (mg/L) (mg/L) 24hr 48hr % Mortality
(mgdL total LI) (6-29-89) (6-30-89) at 48 hr

Control <0.01 - - - 1 1 5

0.10 0.08 0.10 0 2 10

0.13 0.10 0.10 0 13 65

0.16 0.12 0.11 1 20 100

0.20 0.12 0.16 0 20 100

0.23 0.20 0.20 1b l0 b 100

0.26 0.22 0.22 2 20 100 ,

48 hr LCs0-0.10 mg/L U (measured uranium)

Table 12.

Repeat Acute Toxicity Test with Fed Organisms on Hydrogen Uranyl Phosphate
by Normandeau Associates

Results of a 48 h CeriodaDhnia _.UiLstatic renewal acute toxicity test conducted on hydrogen
uranyl phosphate, July 11-13, 1989. Test organisms were fed during the test.

Measured Measured
Nominal Concentrations Concentrations To_ Mortalitiesa

Concentration (mg/L) (rag/L) 24h 48h % Mortality
_aagfL total LI3 (7-11-89) (7-12-89) at 48 hr

Control ...... 0 0 0-

0.10 ...... 0 0 0

0.13 ...... 0 0 0

0.16 ...... 0 0 0

0.20 ...... 0 0 0

0.23 ...... 0 0 0

0.26 0.24 0.28 0 1 5

aTwenty organisms were exposed to each concentration. Concentrations were tested in duplicate
(10 organisms/replicate).
bOne replicate of the 0.23 mg/L test concentration was lost on 30 June 1989 due to a broken
beaker.

LCs0 = > 0.26 mg/L nominal uranium concentration
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3.2.2.2 Reveat Chronic Toxicity Test Results on Hydrogen Uranyl Phosphate
bv-Normandeau Associates - -

v

Results of the repeat seven-day C. dubia static renewal chronic toxicity test on HUP by
Normandeau Associates are summarized in Table 13. Partial mortality was observed by test
_termination among C. _ exposed to 0.06, 0.12, and 0.20 mg/L dissolved uranium. Both brood
and mean young production were substantially reduced among organisms exposed to test
concentrations _>.0.060 mg/L dissolved uranium compared to the control individuals.

The results of Fisher's Exact test indicated a significant difference existed in the percent survival
between the control group and (2._ exposed to 0.20 mg/L dissolved uranium.

The results of the Chi-Square Goodness of Fit and Bartlett's test indicated that data were normally
distributed and that the variances were homogeneous. Therefore, parametric procedures were used
to perform ali other analyses.

Results of the ANOVA test indicated that reproduction among tim various treatment groups differed
significantly. Dunnett's multiple comparison test indicated that exposure of (2. dubia to 0.0002,
0.0006, 0.020, 0.060, and 0.120 mg/L dissolved uranium test concentrations resulted in a
significant r'e_uction in production of young when compared to reproduction of the control group.

A review of this data indicated that the response of the test organisms deviated from the
concentration-response pattern typically associated with chronic toxicity tests, lt is not possible to
determine if the reduced reproduction observed in the 0.0002 mg/L dissolved uranium test
concentration is truly the result of exposure to hydrogen uranyl phosphate or an aberrant response.
However, based on a strict interpretation of the statistical results, the nominal NOEC and LOEC for
hydrogen uranyl phosphate equaled < 0.0002 and 0.0002 mg/L dissolved uranium, respectively. If
the response observed at 0.0002 mg/L is atypical, then the NOEC equaled 0.002 mg/L dissolved
uranium and the LOEC equaled 0.006 mg/L dissolved uranium.

Based on ali information, it was concluded that the NOEC and LOEC for hydrogen uranyl
phosphate be reported as 0.002 and 0.006 mg/L dissolved uranium, respectively.

The minimum significant difference (MSD) test determined that a 15.3 to 15.4% reduction in the
mean number of offspring from the control production (i.e., mean offspring reduction of < 4.5 to
4.6 vs. control could be detected among these data). The critical value was therefore 29.7 - 4.5 =
25.2.

The results of ali initial and final basic water chemistry analyses performed on ali test solutions are
listed in Attachment XII, Appendix 3, Tables 1 and 2.
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Table 13

Repeat Chronic Toxicity Test Con0ucted on Hydrogen Uranyl Phosphate
by Normanaeau Associates

Results of a seven-day static renewal chronic toxicity test for Ceriodaphnia dubia exposed to
hydrogen uranyl phosphate, J,,Ay8 - 15, 1989.

Nominal a,b M_ X (SD) X broods % Mortality
Concentration Concentrations of young per of

oer femalec f_malcd prig_nalfemales(7-8-89) _
(ma/L)b

Control 29.65 (6.34) 3.4 0

0.0002 <0.002 22.10 (6.28) 2.9 0

0.0006 <0.002 27.68 (3.53) 3.0 0

0.002 0.002 26.05 (3.97) 3.0 0

0.006 0.0(O 23.90 (4.96) 2.9 0

0.020 0.030 25.00 (7.4 I) 2.9 0
!

0.060 0.040 18.35 (7.42) 2.6 5

0.120 0.14 f_ 13.00 (7.02) 2.3 10

0.200 0.200 9.00 (4.22) 1.8 70

aNominal concen=,mons extrapolated from the measured concentration of dissolved uranium in the
stock solution.

bmg/L as dissolved taanium.
CMean value based on number of young produced by 26 original females. One organism was lost
due to mechanical injury in the 0.0006 and 0.006 mg/L test concentrations. Mean values reflect
only 19 individuals in those two concentrations. One male was present in the 0.12 mg/L test
concentration. The male was not included in statistical analysis of young production.

dMean valueonsedonsurvivingoriginalfemales.
SD = Standard Deviation

NOEC = 0.002_mg/L nominal urauium concentration

LOEC = 0.006 mg/L nominal uranium concentration

ChV = 0.004 mg/l.,

v
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3.2.2.3 Re,at Acute Test Results on Hydrogen Uranyl Phosphate bv Shealy Environmental

The results of the second Shealy 48-hour acute toxicity b_.oassay for hydrogen uranyl phosphate
conducted by Shealy Environmental are given in Table 14. The acute toxicity was determined vs.
the concentration of theoretical uranium concentrations. A separate dilution series was analyzed to
compare theoretical (by dilution) vs. measured uranium concentrations. The results agreed very
closely, with a % recovery of 101% (Attachment XHI, Supplemental Test Report). Mortality
occurred in the 0.15 mg/L (30% mortality), 0.20 mg/L (55% mortality), 0.25 mg/L (70% mortality)
and 0.30 mg/L (100% mortality) theoretical uranium concentrations. No mortality occurred in the
0.10 mg/L m,,v,nium solution or the control. These data were used to determine a 48-hour LC $0
(median lethal coe,eentration) value with the Probit Method. 11 This calculation resulted in a 48-hour
LC.so value of 0.190 mg/L theoretical uranil,m concentration with 95% confidence limits of 0.170
and 0.210 mg/L.

Water chemistry data taken in conjunction with the acute bioassay are given in Attachment XIII,
Table 5. Ali parameters monitored were within acceptable limits for bioassay purposes.

3.2.1.4 ChroniC Tgxiciry Test Results on Hydrogen Uranyl Phosphate (Shealy Environmental)

The repeat 7-day chronic toxicity test by Shealy on HUP was conducted on September 2-9, 1989,
as five treatments exposhag 10 test organisms each. The rsults are given in Table 15. Mortality of
the adult females occurred in the control (10% mortality) 0.020 mg/L (10% mortality), 0.035 mg/L
(20% mortality), 0.050 mg/L (30% mortaaity), 0.065 mg/L (40% mortality) and 0.080 mg/L (70%
mortality) theoretical uranium concentrations. Reproduction in the control averaged 17.4 offspring
per female.

The reproduction data were tested for normality using the Chi-Square Goodness of Fit Test. and for
homogeneous variances using Bartlett's test. Log transformed data ,, "."found to be normally
distributed, with homogeneous variances (Bartlett's test p value = ?, p--0.01). Statistical
analyses of the results using Durmett's multiple comparison procedure ;. _ated chronic toxicity at
the 0.065 mg/L uranium concentration.

The no observed effect concentration (NOEC) was 0.050 mg/L as theoretical uranium, while the
lowest observed effect concentration (LOEC) was 0.065 mg/L as theoretical uranium. The chronic
value (ChV), taken as the geometric mean of the NOEC and the LOEC, was 0.057 mg/L as
theoretical uranium.

Water chemist_ data taken in conjunction with the chronic toxicity test are given in Attachment
XIII, Table 7. Ali parameters monitored were within acceptable limits for bioassay purposes.



Table 14

Repeat Acute Toxicity Results on Hydrogen Uranyl Phosphate
by Shealy Environmental

Number and percentage of Cmiodaphnia showing effect (death) during the 48-hour static renewal
bioassaytodeterminetheacutetoxicityofhydrogenuranylphosphatetoCeriodaphniadubi_August
17-19,1989.Ten testorganismsperreplicate.

Test Number Affected After %
Concentration _ 48 Hours Affected

Control A 0 0
0

B 0 0

TheoreticalU.m_L

A 0 0
0.10 0 ,

B 0 0

A 0 2
0.15 30

B 0 4

A 0 4
0.20 55

B 0 7

A 2 8
0.25 70

B 4 6

A 3 10
0.30 100

B 5 10

LCs0= 0.190mg/L U (theoreticaluraniumconcentration)
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Table 15

Repeat Chronic Toxicity Results on Hydrogen Uranyl Phosphate
by Shealy Environmental

Average reproduction of Ceriodaphnia _ in the hydrogen uranyl phosphate solutions was as
follows:

Offs_m'ingper female

Control = 17.4 10

Theoretical U. mT./L

0.020 - 14.4 10

0.035 - 13.3 20

0.050 - 14.9 30

0.065 = 10.8 40

0.080 - 6.9 70 t

Calculated

NOEC = 0.050mg/L U,LOEC = 0.065mg/L U,ChV = 0.057mg/L U (theoreticaluranium)

The high statistical variance of the control reproduction resulted in a difference of 35% from the
control that was "significantly" different. The "critical" value was 17.4 -6.1 = 11.3. It was
concluded that the NOEC and LOEC were <0.0020 mg/L U.



3.3 Acute and Chronic Toxicity Test Results on Uranium Dioxide

3.3.1 Acute Toxicity Test Results on Uranium Dioxide (Normandeau Associates)

The acute toxicity of UO2 to C. _ was determined by Normandeau Associates in a 48 hr. acute
static toxicity test (Table 16). The results of initial and final basic water chemistry analyses
performed on ali solutions used in this acute test are listed in Attachment IX, Appendix 2, Table 3.

Exposure to test concentrations > 0.100 mg total uranium resulted in complete mortality to test
organisms 48 hr following test initiation. The results of this test were used to estimate a 48 hr LC50
of 0.050 mg/L nominal uranium concentration (95% confidence intervals = 0.04 - 0.06 mg/L
nominal uranium concentration, based on a Trimmed Spearman-Karber calculation.

3.3.2 Chronic Toxicity Test Results on Uranium Dioxide (Normandeau Associates.)

The percent survival was high among C. dubia exposed to ali test concentrations of UO2 _ 85% -
Table 17) The mean number of young and broods produced by organisms exposed to
concentrations of total uranium < 0.050 mg/L were similar. However, exposure to 0.050 mg/L
total uranium resulted in a reduction in both brood size and offspring production per test organism
as compared to the other test concentrations. These data indicate that exposure to increasing
concentrations of uranium as UO2 reduced C. dubia reproductive success.

The results of Fisher's Exact test indicated no significant difference existed in the percent of
survival among.._, dubia exposed to any of the concentrations used in this chronic test. Offspring
production by individuals exposed to ali concentrations of UO2 were included in further statistical
tests.

The results of the Chi-Square Goodness of Fit test and Bartlett's test indicated that data were
normally distributed and that the variances were homogeneous. Ali further analyses were
performed using parametricmethods.

The results of the one-way ANOVA indicated that reproduction among the various treatment groups
differed significantly. Dunnett's multiple comparison test determined that exposure of C. _ to
concentrations equal to 0.050 mg/L total uranium resulted in a significant reduction in production of
young when compared to the control. Based on these observations, it was concluded that the
NOEC for total uranium in the form of uranium dioxide equals 0.030 mg/L and the LOEC equals
0.050 mg/L. The ChV equals 0.040 mg/L uranium in the form of uranium dioxide.

The results of the MSD test performed on this set of data determined that a 26.1% reduction in the
mean number of offspring from the control production (i.e. mean offspring production of _<11.43)
could be detected.

The results of ali initial and final basic water chemistry analyses performed on ali solutions of UO2
used in this chronic toxicity test are listed in Attachment IX, Appendix 3, Tables 5 and 6. The daily
concentrations of total uranium measured in each of the test solutions used in the test axe listed in
Attachment IX, Table 3-2.



Table 16
Acute Toxicity Test Conducted on Uranium Dioxide by Normandeau Associates

Results of a Ceriodaphnia dubia 48 hr. static renewal acute toxicity test conducted on uranium
dioxide, December 2-4, 1988.

Total Mortalities a
Nominal Measured Measured

Concentration C ._, .entration Concentration 24h 48h % Mortality
(me/I., total U')b fmit., total IJ3 (mg/l_ total I.D at 48 hv

(12-02-88) (12-03-88)

Control 0 0 0

0.010 0 0 0

0.040 0 4 20

0.070 0.060 0.068 1 14 70

0.100 3 20 100

0.130 0.120 0.182 11 20 100

aTwenty organisms were exposed to each concentration. Concentrations were tested in duplicat_
(10 organisms/replicate). Test vessels = 250-ml glass beakers containing 100 ml/beaker.
bNominal concentrations based on measured stock solutions.

LCs0 = 0.050 mg/L U (nominal uranium concentration)
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Table 17
Chronic Toxicity Test Conducted on Uranium Dioxide by Normandeau Associates

Results of a static renewal life cycle test for Ceriodaohnia _ exposed to uranium dioxide,
performed December 9-16, 1988.

Nominal* Mean X(SD)** X broods % Mortality
Concentration Measured ofyoung pcr of

Concentrations oerfemalea f_malcb originalfcmal¢_
_mv_/Ltotal U) ,,

Control 15.20 (4.99) 2.3 5

0.0015 11.25 (5.74) 1.9 15

0.005 11.70 (5.61) 2.4 5

0.015 13.60 (6.70) 2.2 5

0.030 11.45 (4.80) 2.4 5

0.050 0.035 7.90 (4.91) 1.9 15

*Nominal concentrations based on measured stock solutions.
**SD = Standard Deviation
aMcan valuebasedonnumberofyoungproducedby20originalfemales.
bMcan valuebasedon survivingoriginalfemales.

NOEC = 0.030mg/L U, LOEC = 0.050mg/L U (nominaluranium)
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4.0 DISCUSSION

The initial acute and chronic toxicity testing of uranium nitrate using Ceriodaphnia dubia was
conducted by Shealy Environmental. The acute and chronic toxicity of uranyl nitrate to
Ceriodaphnia dubia was greater than anticipated, based on the previous tests conducted in 1986
with Daphnia tmlex. 2,22 Shealy was asked to repeat the toxicity test for uranyl nitrate, and a
second envirohmental laboratory (Normandeau Associates) was contracted to perform an
independent confirmation study.

Additional uranium compounds (hydrogen uranyl phosphate and uranium dioxide) were added to
the test matrix, as the uranium would be present in these forms in the LETF effluents, rather than
as uranyl nitrate. The uranyl ion (UO2++) w:dl exist as the diphosphate complex, UO2 (HPO,02--"
in the surface waters of the SRS streams, if sufficient phosphate is present 18. Since the LETF
effluent has typically a 100 fold molar excess of phosphate to uranium, more than sufficient
phosphate is present to complex the uranium.

The initial toxicity tests by Shealy Environmental on hydrogen uranyl phosphate (HUP) were
conducted using dilutions of a stock solution, prepared from a weighed amount of HUP.
However, the % recovery of uranium in the actual dilution series solutions of HUP was
significantly different from the theoretical uranium concentrations (based on calculated dilution).
Therefore, the acute and chronic toxicity of HUP was re-determined (at both laboratories) using,
dilution of a stock solution of a known dissolved uranium concentration.

The toxicity of uranium dioxide was determined only by Normandeau Associates.

4.1 Acute and Chronic Toxicity of Uranyl Nitrate to Ceriodaphnia dubia

4.1.1 Acute Toxicity

The acute toxicity of uranyl nitratewas determined on Daphnia oulex in 19862,21,by Environmental
and Chemical Sciences, Inc. (EES) laboratory (the precursorto-Normandeau Associates). The acute
toxicity of uranyl nitratewas then determined using Ceriodaphnia dubia in 1989. The previous and
cuarent results are summarized below:

ACUTE TOXICITY RESULTS ON URANYL NITRATE

LC50 (me./l.,)
_

Organism Laboratory

Di_phniapulex ECS 0.220

Ceriedavhnia dubia Shealy 0.060
Shealy (repeat) 0.089
Normandeau 0.071

Average ( Ceriodaphniadubia) 0.073

The initial acute toxicity test with Ceriodavhnia dubia indicated that those organisms were much
more sensitive to uranyl nitrate than Davlinia vulex. The repeat acute toxicity tests with uranyl
nitrate conducted by Shealy, and the independent testing by Normandeau, confirmed the initial
results wiuh Ceriodaphnia_dubia. The results of the acute tnv;c_;tv_...... # _su!ts for uranyl nitrate.__with
Ceriodaphnia dubia are sufficiently similar to use an average of the three tests.
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4.1.2 Chronic Toxicity

The chronic toxicity of uranyl nitratewas determinedusing _Ceriodaphniadubia in 1989 by two
independentlaboratories.The resultsare summarizedbelow:

CHRONIC TOXICITY RESULTSON URANYL NITRATE (Ceriodavlmiadubia)

Laboratory NOEC* LOEC** ChV***

m_/l., tor'aluranium
v

Shealy(initial) 0.0015 0.0027 0.002
Shealy (repeat) 0.0027 0.0047 0.004
Normandeau <0.008 0.008 <0.008

Average 0.003

*NOEC - No Observable EffectConcentration
**LOEC- Lowest ObservableEffect Concentration
***ChV=Geometric mean of NOEC and LOEC

The chronic toxicity results by Shealy wereverysimilarfor both the initial and repeat uranylnitrate
tests. The Normandeau result was confounded by the fact that the toxicity response at the lowest
test concentration tested (0.002 mg/L uranium) had much higher than expected mortality of the
original females, such that the reproductive response was suspect. It could only be concluded that
the NOEC was less than 0.008 mg/L uranium. Therefore, it was concluded that the averageof the
two ChV values (0.003 mg/L) determinedby Shealy should be used as the ChV for uranyl nitrate to
Ceriodavhniadubia in the very soft watersof the Savannah RiverSite.-

4.2 Acute and Chronic Toxicity of Hydrogen Uranyl Phosphate
to Ceriodaohnia dubia

4.2.1 Acute Toxicity

The acute toxicity of hydrogen uranyl nitrate was determined using Ceriodapi_niadubia by two
independentlaboratories.The results are summarized below:

ACITTE TOXICITY RESULTSOF HYDROGEN URANYL PHOSPHATE
TO CERIODAPHNIADUBIA

48 HourLC_ (mg/L dissolveduranium)

Laboratory

Shealy 0.070 (measureduranium)
Shealy (repeat) 0.190 (nominal uranium )*
Normandeau 0.110 (nominal uraniumconcentration)**
Normandcan(repeaO 0.I00 (measured uranium)
Notmandeau(repeat) >0.260 - "fed duringtest" (measured uranium)

Average 0.120 ("fed" results not included)

* nominal concentration based on stock solution dilution, but a test concentration series gave
excellent agreementbetweennominalanti measured uranium concenwaiiom
** nominal concentrationbased on stock solution dilution.
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The initial acute toxicity test with hydrogen uranyl phosphate _.) by Shealy gave ve_,. different
results for the nominal uranium concentrations (prepared by diluuon ota tt_ mg/L rtur stock
solution) vs. the measured uraniumconcentrations. The HUP uranium stock solution was prepared
by Shealy by adding _. weighed amount of HUP to distilled water and allowing it to settle (as
directed by WSRC). The nominal concentrations of the test solutmns were based on dilution of the
stock solution's theoretical HUP concentration. However, measured uranium concentrations
indicated that the dissolved uranium in the test solutions was approximately 10X lower than
assumed, based on dilution of the stock solution. It was concluded that only about 10% of the
HUP in the initial Shealy stock solution was soluble.

The repeat acute toxicity test series was conducted by Shealy using a HUP stock solution prepared
by using filtration after addition of a weighed amount of HUP to distilled water. The uranium
concentration in the filtered stock solution was then determined to be 1.05 mg/L uranium, and the
test solutions were prepared by serial dilution based on the measured uranium concentration.

The initial stock solution of HUP was prepared by Normandeau using filtration after addition of a
weighed amount of HUP to distilled water. The uranium concentration in the initial filtered stock
solution was then determined (1.2 and 3.8 mg/L), and the test solutions were prepared by serial
dilution based on the measured uranium concentration in the stock solutions. The nominal uranium
concentrations in the test solutions agreed closely in two cross checks of "nominal" vs. measured
concentrations in the initial acute toxicity tests, and agreed within 10% on the repeat acute toxicity
series by Normandeau. The HUP stock solution for the repeat series by Normandeau was prepared
similarly to the initial test series, with a measured uranium concentration of 0.26 mg/L.

The acute toxicity results for the two hydrogen uranyl phosphate tests conducted by Normandeau
agreed very closely with one another (0.100 vs. 0.110 mg/L U). The Shealy results were
significantly different (0.070 vs. 0.190 mg/L U), but the average of the two Shealy results (0.130
mg/L U) is close to the Normandeau average (0.105 mg/L U). lt was concluded that the "best"
number for acute toxicity of hydrogen uranyl phosphate to Ceriodaphnia dubia in the soft waters of
the SRS streams was an LC50 = 0.120 mg/L uramum

Additional testing by Normandeau Associates indicates that this may be a very conservative acute
LCs0 concentration in the "real world", lt was hypothesized that the uranyl phosphate anion
UO2(PO4)2-- or the UO2++ cation could be absorbed by algae or fungal material in a real stream
environment. This would remove the toxicant, and result in much less sensitivity to in-stream
organisms. This hypothesis was tested by adding food during the 48 hour acute toxicity tests with
CeriodaDhnia dubia. A portion of the food settled to the bottom of the test container, potentially
removing the uranium from solution. The acute toxicity responses indicated that this situation did
occur, as no acu_r_ toxicity was noted up to a concentration of 0.26 mg/L uranium.

The SC Deparunent of Health and Environmental Control (SCDHEC) uses as a "rule of thumb" that
chronic toxicity can occur at 1/100 of the acute toxicity concentration. If this were the case for
hydrogen uranyl phosphate, then the chronic toxicity would be in the range of 0.001 mg/L uranium.
As discussed below, chronic toxicity for HUP was determined to be 0.004 mg/L uranium. Since
the organisms are fed during the chronic toxicity tests, it is concluded that chronic test conditions
(fed) are more representative of "instream" conditions than acute toxicity test conditions (unfed). It
is also possible that a ratio of acute to chronic toxicity of 100 is not appropriate at the very low
concentrations of uranium that cause toxicity affects in the very soft waters. Under these
conditions, a ratio of acute to chronic toxicity of 10 to 20, that was demonstrated by this study for
both uranyl nitrate and hydrogen uranyl phosphate, is more correct.
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4.2.2 Ch'.,onic Toxicity

The cb.vonic toxicity of hydrogen uranyl phosphate was determined by two independent
laboratories. The results are summarized below:

CHRONIC TOXICITY RESULTS OF HYDROGEN URANYL PHOSPHATE
(Ceriodaphnia dubia)

Laboratory _* L.OK&* ChV***

,, nL_/Ltotal uraniurq

Shealy(initial) <0.021 <0.021 <0.021
Shealy(repeat) <0.020 <0.020 <0.020
Normandeau(initial) <0.006 0.006 <0.006
Normandeau (repeat) 0.002 0.006 0.004

*NOEC = No Observable Effect Concentration
**LOEC = Lowest Observable Effect Concentration
***ChV = Geometric mean of NOEC and LOEC

r

It can be seen from the summary table that the initial and repeat Normandeau chronic toxicity results
agreedveryclosely.The initialchronictoxicitytestconductedbyNormandeauusedaconcentration
of0.006mg/L uraniumasthelowesttestconcentration.The repeatseriesincludeduranium
concentrationsof0.006,0.002,0.0006,and0.0002mg/L,inordertobracketthesuspecttoxicity
concentrationrange.

A statisticalanalysisoftherepeatNormandcaudatausingDunnett'smultiplecomparisontest
indicatedthatexposureofC._ toconcentrationsof0.0002,0.006,0.020,0.060,and 0.120
mg/L uraniumresultedinsignificantreductioninproductionofyoungvs.thereproductioninthe
control(Table13).The controlhada reproductionmeanof29.6youngperfemale.Basedon this
dataset,a 15.3% reductioninc_l_/kigyoung couldbe detected.Thatis,mean offspring
production._25.2would be significantlydifferentfrom thecontrol.The resultforthe0.0002
concentrationisapparentlyanomalous,asthenexttwohigherconcentrationstested(0.0006and
0.002)were not statisticallydifferentfrom control.Therefore,itwas concludedthatthe
Normandeau resultsindictedthattheLowestObservableEffectConcentrationwas 0.006mg/L
uranium,andtheNo ObservableEffectConcentrationwas0.002mg/L,uranium.

The initialShc-afychronictoxicityresultsindicatedthattheLOEC andNOEC foruraniumwere
0.050and 0.043mg/L recovered(measured)uranium,respectively(TableI0).The recovered
uraniumvaluesforthistestserieswerequitevariable,anddidnotcorrelatewiththenominal
uraniumconcentrations.Thiswas due tothedilutionofthestocksolutiontoprovidethetest
solutions,asdiscussedpreviously.Inaddition,thestatisticalanalysesofthereproductivedata
determinedthata25.8%reductioninthemeannumberofoffspringvs.thecontrolproductioncould
bedetected(Minimum SignificantDifference;MSD). The criticalvaluewouldthereforebe 17.0
(control)-4.4= l _ The twolowestconcentrationstested(asmeasureduranium)were0.021
and0.028mg/l.,, resultedin13.1and 12.5neonates/female.Ifthevarianceofthecontrol
reproductive test :a slightly smaller, the minimum significant difference would have been
less, the critical rei.. :re value would have been higher, and ali of the test concentrations would
have been significant,. .fferent from control. Therefore it is concluded that the initial chronic
toxicity tests conducted _ : Shealy on hydrogen uranyl phosphate resulted in a NOEC and LOEC of
<0.021 mg/L uranium.



In the repeat chronic toxicity tests by Shealy, a series of uranium concentrations from 0.020 to
0.080 mg/L uranium was utilized. The statistical analyses of the reproductive data determined that
the minimum significant difference that could be detected was a 35% reduction in the mean number
of offspring vs. the control production (Durmett's Multiple Comparison Procedure). The critical
value would therefore be 17.4 (control) - 6.09 = 11.3. Therefore, the lowest concentration at
which an effect could be statistically detected was 0.065 rag/L, and the no effect concentration was
0.050 mg/L uranium (Table 15). However, if the statistical variance of the control had been less,
and the minimum detectable difference had been on the order of 15%, then the critical value would
have been approximately 14.8, and all concentrations tested would have been different from
control, lt is concluded that the repeat Shealy chronic toxicity tests on hydrogen uranyl phosphate
resulted in NOEC and LOEC values of <0.020 mg/L uranium.

•The results of the repeat chronic toxicity results by Normandeau and Shealy are shown in Figure 1.
The results are plotted as a dose relationship, showing uranium concentration vs. average no. of
offspring per female.

It can be seen that the 0.0006 and 0.002 mg/L uranium concentrations (in the Normandeau test
series) were not statistically different from the control. I.e..; the test reproduction was greater than
25.2 neonates/female. The LOEC was 0.006 mg/L. The Minimum Significant Difference (MSD) of
15% is indicated in the figure.

In the case of the Shealy test series, the MSD was 35%. Therefore, the test concentrations of 0.020,
0.035, and 0.050 had reproductive results which were not _ different from the control
(17.4 offspring/female). However, if the MSD had been 15%, instead of 35%, the critical value
would be 14.8, and ali test concentrations would have been different.

It is apparent from this type of analysis that the statistical variance of the control reproduction is
critical to the determination of whether the test concentrations in a chronic toxicity test are "actually"
different from the control. There is no minimum control reproductive variance established in the
EPA protocols for conducting chronic toxicity tests, but as demonstrated above, a "high" variance
can affect the conclusions of the test. lt is the authors' recommendation that a dose vs. reproductive
rate plot be developed for those situations where the organism is very sensitive to the toxacant, as is
thecasewith(2._ touranium.
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4.3 Acute and Chronic Toxicity of Uranium Dioxide to Ceriodauhnia dubLa

4.3.1 Acute Toxicity

The acute toxicityofuraniumdioxide wasdetermined usingCeriodaphr,iadubiaby Normandeau
Associates.The resultsaresummarizedbelow:

ACUTE TOXICITY RESULTS OF URANIUM DIOXIDE (Ccliodaohmadubia)
byNormande_uAssociams

48HourLCs.0.(mg/Ldissolveduranium)

0.050(nominaluraniumconcenr"adon)*

*nominalconcentrationbasedonstocksolutiondilution.

The acutetoxicityLC.s0of0.050mg/L uraniumwas surprisingduetohighlyi_solublcnatureofthe
uraniumdioxide,ltwas hypothesizedthaturaniumdioxidewouldbelesstoxicthanuranylnitrate
orhydrogenuranylphosphate(HUP)ductothefacttratthedissolveduraniumwouldbepresentas
U +4 complexes18,which couldhave differentphysiologicaltoxicityaffects.However,the
expectationforuraniumdioxidewas borneoutwithrespectto_hronictoxicity,which was
chronicallytoxicatmuch higherconcentrationsthanuranylnitrateorHUP.

v

4.3.2 Chronic Toxicity

The chronic toxicity of uranium dioxide was determi,ied using Ceriodaohnia dubia by Normandeau
laboratory. The results are summarized below:

CHRONIC TOXICITY RESULTS OF URANRJM DIOXIDE (Ceriodaphnia dubia)
byNormandeauAssociates

<0.030 0.050 0.040

*NOEC = No-Observable Effect Concentration
**LOEC = Lowest Observable Effect Concentration
***ChV = Geometric mean of NOEC and LOEC

The chronic toxicity results indicate that the oxidation state of uranium in the environment can
affect the chron:,c toxicity to the instream organisms. In a reducing environment, which is
commonly foun_ at the bottom of many stagnant fresh water ponds and estuaries (due to the decay
of settled vegetation), it is quite possible that the +6 state of uranium (UO P-++)could be reduced to
the +4 state, with a attendant rexluctic I in chronic toxicity due to uranium.
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4.4 Comparison to Previous Uranium Toxicity Results

Although there have been few studies concerning the toxicity of uranium to aquatic organisms,
previous results do exist to compare with the results of this study.

4.4ol Acute Uranium Toxicity

4.4.1.1

Tarzwell and Henderson 19 exposed fathead minnows (Pimevhalcs promelas) to uranyl nitrate,
uranyl sulfate, and uranyl acetate and determined the TLM in-hard and soft waters (1960). (TLM
is a measurement which is essentially equivalent to an LCs0). They found that the minnows were
much less sensitive to uranyl concentration in hard water than in soft water. Davies 20 obtained 96
hr LCs0's for uranium to brook and rainbow trout (1980). The water hardness and alkalinity levels
were slightly greater than those used by Tarzwell. Poston 7 retx_rted an LCs0 for fathead minnows
f_P.,promelas) in Columbia river water (1984). Trapp 2&21reported acute toxicity results similar t
the Tm'zwell results, using bluegill _pomis maertx:hirus), in tlm very soft water of Upper Thr
Runs, a Savannah River Site stream (1986). Bywater22 reported the acute toxicity of uranium o_
number of northern Australian freshwater fishes in extremely soft receiving waters (1991). Ti_.
acute toxicity results for the effects of uranyl ion on fish are summarized below:

)

Study Date Fish Hardness* l.I Compound 96 Hr LC50
mg/L U*--

Tarzwell 1960 Fathead minnow 400 uranyl sulfate 119
(P. vromelas)-

20 uranyl sulfate 2.6
20 uranyl nitrate 2.7
20 uranyl acetate 3.2

Davies 1980 Rainbow trout 31 NA 6.2
(S. _airdnerfl
Brook trout 31 NA 8.0
(S. fontinalis)

Poston 1984 Fathead minnow 70 uranyl nitrate 16.7
(p. promelas_

. w

Tmpp 1986 Bluegill 3 uranyl nitrate 1.67
fL. macrochirus)

Bywater 1991 Reticulated Perchlet 3# uranyl sulfate 0.80
(A.macleayi)
Purplespouedgudgeon 3# uranylsulfate 1.5
(M.mo mwnda)

**Hardnessexpressedasmg/L CaCO3
**LC.s0expressedasmg/L totaluranium
# Total alkalinity as mg/L
NA Not Available

1
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4.4.1.2 _Vaterfleas (Cladocerans/Daphnids)

Previous acute toxicity testing with uranium compounds was conducted by Poston in 19847 using
Davhnia maga_ in moderately hard water (hardness = 70). The 48 hr. LCs0 was 6.0 mg/L total
urahium. Testing with higher hardness waters gave similar results to those with fish, in that the
Daphnids were much less sensitive to uranium at higher hardness. Poston reported a regression
equation relating hardness and LC50 of: LC 50 = -159.8 + 39.3 In CaCO3 mg/L hardness. The
correlation coefficient for that data set exceeded 0.9.

Trapp 2&21 reported an LCs0 of 0.22 mg/L total uranium, using Daphnia vulex, in the very soft
waters of Upper Three Runs (hardness = 3.0 mg/L CaCO3). The acute toxicity results again reflect
the influence of water hardness, with the daphnids being much more sensitive to uranium in very
soft water.

Bywater 22 reported a 24 hour LCs0 of 1.3 mg/L uranium for the cladoceran Moinodaphnia
macleayi in the extremely soft waters of a northern Australian stream (1991).

The results reported in the current study, using Ceriodavhnia dubia in a very soft water, are in
agreement with the previous results with D. pulex, although it appears that C. dubia is more
sensitive to uranyl compounds than D. I_,_. The acute toxicity results for cladocerans and
daphnids are summarized below:

Summary of Acute Toxicity Results for Urar!jumv v

Study D._ Cladoceran Hardness* U Compound
mglLU**

Poston 1984 Daphnia ma_maa 195 uranyl nitrate 52***
130 uranyl nitrate 37***
70 uranyl nitrate 6

Trapp 1986 Daphnia pulex 3 uranyl nitrate 0.220

Bywater 1991 M. macleavi 3# uranyl sulfate 1.3##

Shealy (V) 1989 Ccriodaphnia dubia 3 uranyl nitrate 0.060
Shealy (VHI) 1989 Ceriodaphnia dubia 3 uranyl nitrate 0.089

Normad' (IX) 1989 C,,eriodat)hniadubia 3 uranyl nitrate 0.071

Shealy (X) 1990 Ceriodaphnia dubia 3 uranyl phosphate 0.070
Shealy (XllI) 1990 Ceriodap_hniadubia 3 uranyl phosphate 0.190

Normad'(IX) 1989 Cedodaohnia dubia 3 uranyl phosphate 0.110
Normad'(XII) 1990 Ccriodaphnia dubia 3 uranyl phosphate 0.100

* Hardness expressed as mg/L CaCO3
** LC50 Expressed as mg/L total uranium
*** Average of two tests
# Total alkalinity as rag/L,

,_L ,,.,,24 t. .... , r,,^tAvua _'-'_O
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4.4.2 Chronic Uranium Toxicity

4.4.2.1 Waterfleas (Danhnids_

Poston 22reported a chronic toxicity effect (reproduction) for D. _ (in soft water, hardness =
70) of 0.52 mg/1 total uranium. The reproductive effect was at a concentration approximately one
tenth that of the acute LC50effect under similar conditions.

The results of this study indicate chronic toxicity effects to C. dubia at very low uranium
concentrations, using the very soft water of Upper Three Runs creek as the control and diludon
water. This is attributed to a combination of the use of C. _and the effect of the very soft
water. The chronic toxicity results for uranyl nitrate and uranyl phosphate are summarized below:

$umm._aryof Chronic Toxicity_Results of Uranium on Daphnids

$_udy _ Daphnid . H_,xiness* U Compound ChV
mg/L U**

Poston 1984 Daphnia magma 70 uranyl nitrate 0.52

Shealy (V)# 1989 Ceriodap_hnia dubia 3 uranyl nitrate 0.002 ,
Shealy (VIID 1989 Ceriodaphnia dubia 3 uranyl nitrate 0.004

Normad'(IX) 1989 Ceriodaphnia dubia 3 uranyl nitrate <0.008

Shealy (X) 1990 Ceriodavhnia dubia 3 uranyl phosphate <0.021
Shealy (XIII) 1990 Ceriodabhnia dubia 3 uranyl phosphate <0.020

Normad'(IX) 1989 Ceriodaphnia dubia 3 uranyl phosphate <0.006
Normad'(XII) 1990 Ceriodaphnia dubia 3 uranyl phosphate 0.004

r7_,i I
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4.5 NPDES Permit Renewal Proposal

The chronic toxicity results reported in this study were utilized to calculate the proposed uranium
release concentration from the M-Area Liquid Effluent Treatment Facility (I.,ETF). The average
discharge rate from the LETF is 0.038 million gallons per day (MGD). This effluent is diluted to
approximately 2.65 MGD by non-contact cooling waters (A-014), effluent from a groundwater
clean-up air-stripper (M-005), effluent from the A-Area sanitary treatment facility (A-015) and
overflows from the A-Area powerhouse (A-011 ouffall). The dilution factor is therefore 69.8.
None of the dilution streams contain detectable uranium, so the use of them to calculate a dilution
factor for uranium is appropriate. Dilution from the receiving stream, Tims Branch, was not
included - as it is a ephemeral stream. The "7Qf0" for Tires Branch has been determined to be
zero, in years with very low rainfall amounts. In these years the flow in the stream is composed
entirely of flows from the operational facilities in the A and M areas of the Savannah River Site.

The chronic toxicity of uranyl phosphate (0.004 mg/L total uranium) was selected as the
appropriate compound of concern. Uranyl ions will be complexed with phosphate anions in the
pH environment (5.5 to 7.0) of the receiving stream 18. The concentration of uranium proposed in
the NPDES permit renewal application for the DETF effluent was therefore 0.28 mg/L (0.004
mg/L x 69.8 dilution factor).

This proposed DETF concentration is believed to be conservative, as the hardness in the area of the
receiving stream (Tims Branch) to which the process effluents initially discharge is significantly,
higher (-20 mg/L as CaCO3) than the hardness of the Upper Three Runs water used for the
chronic toxicity tests 23. However, the hardness in Tims Branch is reduced to a level of
approximately 6 mg/L just prior to its confluence with Upper Three Runs 24. Therefore, in order to
protect the entire reach of the initial receiving stream and the subsequent stream, the chronic
toxicity level of 0.004 mg/l total uranium as uranyl phosphate is believed to be appropriate.
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ATTACHMENT I

J. Bart Ruiter to R. P. Whitfield, Re: NPDES Modifications Dated may 23, 1985 -
Savannah River Plant, South Carolina Department of Health and Environmental
Control (SCDHEC), Columbia, SC, 29201 (May 22, 1985).
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:' " South Carolina Department of Health '
. • and Environmental Control

M,m H.ClsdmL &. Cllim_
W._ IlI.D. Vimd(3minms

Iluksm P.Nvmsle
Or_L llm_. Jr.

_ & Sim_l. Jr.
itobm S. _ M.D. W_dlimIL Ilium. M.D.

May 22, 1985

R.P. Whttfield
Departmentof Energy
SavannahRiver Operations Office
PoO. BoxA
A_,ken,S.C. 29802

Re: NPDESModifications Dated May23, 1985
SavannahRiver Plant

DearMr. Whitfield:
t

] In the latestNPDESmodificationeffectiveMay 23, 1985,ther_was a few target
dateswhichSavannahRiverPlant (SP@)must meet and an agree:'htconcerningthe
monitoringof uranium.This letterwill clarifythedatesof the specialconditions

@ and the agreementon uranium.
The specificconditionswhichhave deadlinesare items28, 30, and 31.

(A) Special co ditton 28 - Biological Study Plan for outfall A-014 on the
aquaticcomunitiesin the receivingstream.

1. Submitplan to DHECfor review and approval by September 23, 1985.

2. Implementation of plan by January 23, 1986.

(B) Specialcondition30 - Submita completed2-6Form for outfallsM-O05,
M-O04,and A-014four monthsafterdischargingfrom outfalls.

(C) Specialcondition31 -Assessment of groundwatercontamine,tionresulting
from 300-Mareaoperationsand necessarycleanupactivitiesof this area
to be submittedby December31, 1985.

The South Carolina Departmentof Health and Environmental Control (SCDHEC)feels
- confident that uraniumcan be regulated by the Deparl_nentbased on water quality,

however; the Departmentof Energy (DOE) feels that this parameter is under their
jurisdiction by the Atomic Energy Act. In an attempt to prevent delays in the
liquideffluenttreatmentfacilityoperationswhichwilleliminatewastewater
discharge :to the M-Area seepage basin, the Depar_ent agreed .not, to place a

_ uranium limit on the permit at this time, but to record results in the discharge
monitoring reports and to follow the procedure listed in your letter of February 15,
1985, item 1.

lm
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The Liquid Effluent Treal_ent Facilities (LETF) will be operated so
as to achieve the target ltmtts for uranium of 1.0 rag/1 datl)/maximum
and 0.5 rag/1 monthly average. If the targetlimits are not met, SRP
will notify the South Carolina Oeparl_ent of Health & Environmental
Control (SCDHEC)in writing. This written notification wtll tnclude
(1) the reasons for the excursion, (2) remedial actions necessary and
(3) a request for SCDHECconcurrence wtth the chosen course of action.

Also, DOEhas agreed to do toxicity testing for uranium as described below.

SCDHEC-approvedacute toxicity tests with bluegt11 sunfish and
daphnids will be conducted to support the Outfali 14-004target
limits for uranium. The tests will be CB-hour (daphnids) and 96-
hour (bluegill sunfish) static acute tests following Environmental
Protection Agency and American Society for Testing & Materials
standards protocols. The chemical species of uranium present in
the LETF effluentwill be usedin thesetests. Dilutionwaterfor
the studieswill be from the receivingstream,Tim Branch. Test
resultswill be transmittedto SCDHECwithin120 days of SCDHEC
concurrenceof this program. The uraniumtoxicitystudieswillbe
conductedby EnvironmentalandChemicalSciences,Inc. of Aiken,
SouthCarolina. TheirSCDHECbiologicalcertificationnumberis
#02102.

Sinceno schedulewas presentedfor the toxicitytesting,this officewill
offerthefollmringschedule:

- A. Submitto I)HECfor reviewand approvala toxicitystudyplanby
August Z3, 1985.

B. Complete study by November23, 1985.

C. Submitreporton findingsby February23, 1986•

Pleasenotealthoughthe Depar_nentis in overviewroll at this time,ifwe are
not satisfiedwith DOE'sresponsesor decideto go forwardwith the issueat a
later date, we reserve the right to do so.

The NPDESpermi_ modification for outfall 14-004submitted September 25, 1985,
stated the following concerning total toxic organics (TTO):

"A solvent managementplan and certification statemet_t will be submitted
to SCDHECin lieu of monitoringtotaltoxicorganicsat M-O04outfallof
the LE'rF."

As of this date this office has not received the solvent managementplan. It
_ should be noted that this plan must be submitted to DHECfor review an approval

prior to discharging from outfall 14-004. Therefore, we are requesting the
- immediate submittal of the plan in order for this office to have an adequate

timefor review;
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In Jim Jay's letter of AprA1, I985 he requested a schedule for the submittal
and completion dates for vhen DOEfeels the plans can be tmpleeented,for the
50%mixing zone monitoring plan (special conditions #16) and the biological
monitoring plan (_pectal conditions #17). Thts office would ltke that these
schedules be submitted to OflECby June7, 1985 to insure that this office
wtll have sufficient time to review and approve these plans.

If you should have any questions please call.
Sincerely,

J. Bart Ruiter, Engineer
Xndustrtal & Agricultural Wastewater Division
Bureau of Water Pollution Control

t

JBR/jf

cc: Kin Hill, Lower SavannahDistrict
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ATTACHMENT II

A. Coffey to S. R. Wright. Rc: NPDES Permit #SC0000175 (Condition #28)
Uranium Acute Toxicity Study Savannah River Plt., M-Area, South Carolina
Department of Health and Environmental Control (SCDHEC), Columbia, SC, 29201
(October 16, 1986).
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L6,1986 su,,,X. Colvin. M.D.

Mr. S.R. Wright, Acting Director
EnvironmentalDivision
U.S.DOE/SavannahRiver Plant
P.0. Box A
Aiken, S.C. 29802

Re: NPDES Permit #SC0000175 (Condition
#28) UraniumAcute Toxicity Study
SavannahRiver Plt., M-Area

Dear Mr. Wright:

This Office has reviewed the memo and attached report from C.V. Muska, June
30, 1986, in support of Outfall M-O04 NPDES uraniumtarget limits. Static
toxicity tests were conducted February 5-14, 1986, accordingto accepted
methods, using Daphnia pulex and bluegill sunfish (Lepomismacrochirus)as test
organisms. Results were reported appropriately.

As stated in the memo, safety factorscalculatedfrom a maximum uranium
concentrationat the A-014 Outfall, of 0.06 mg/l, and a LC50 range of
0.22-I.67mg/I,r_ult in a safety factor range of 3.7-27.8. Also, it is
suggested that, "receiving stream dilution is adequate to protect the aquatic
organisins...".J

The 7Q10 of Tim's Branch is 0.258 MGD (0.977million liters per day). This
level of dil_qtionwould result in a maximum concentrationof 0.05 mg/l in Tim's
Branch at the discharge. The correspondingsafety factor range of 4.4-33.4 is
well below the safety factor of 100 used by SCDHEC to addresschronic (long
term) impact. The monthly average uranium concentrationof 0.03 mg/l and
safety range of 7.3-55.7 would not be significantlyless instream. In
addition, static toxicity tests generallyresult _n h)Bh_r LC50 values than do
flow through tests, making organismsappear less sensitive.

• In view of the safety factor ranges for the maximum and averageuranium
instream (target)concentrationsat 7QIO, there appears to be a possibilityof
impact in Tim's Branch due to chronic toxicity at these concentrations.

f_

_
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" In accordance wtth your July 30, 1986 me.mo,please submit the tnstream
water chemtstry/b;tologtcal ;study report by May 23, 1987.

If I maybe of any assistance, please feel free to call meat 734-5252.

Sincerely,

AlanCoffey,Engineer
Industrial& AgriculturalWastewater
Division

AC/if

cc" Kin Hill
Gary Hoover
JackRoberts



ATTACHMENT lli

N. Weatherup to S. R. Wright. Re: DETF-IST/M Area - DOE/Savannah River Plant,
South Carolina Department of Health and Environmental Control (SCDHEC),
Columbia, SC, 29201 (June 17, 1988).
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" Soulh Carolina Department of Health
' • and Environmental Control

lm lull S_ loan
C,_mbiL |.r. anl :_ ? "30 Mu H.¢_ulu,m.Jr..Ch_rmen

Z _.JtD OrnlL. Ik_4y.Jr..Vice.thereinCcmmlN/amw : [_ M.¢oivle.M,D,, SK.ms_
M_hNLD, Jarmt / Hlu_ M. HalLmlm,Jr,

Henry& JO_L,_M D,
To_y Greta. Jt. M.D.

A _ ,o • * *

• .... w0 o¥,0_, _,orm;bor o
Environmental Dtvtston
0aol)-t_.man_ n4t I_A..,,w.

• • o .me. qp o

SavannahRiver Operations Office
P.O. Sex A
Atken, S.C. IMO|

Re: DETF-lST/MArea
' DOE/SavannahRtvar P1ant

Oel__Hr. Wright:
,

Per your Nit), 3, 1988 letter, this Offtce has reviewed the engineering
report, plans and specifications for the system to decant and transfer
supernatant from the lntortm storage tanks to the d|lute effluent treatment
fa¢tl tty at the SavannahRiver Plant. Our concerns are as follows:

1. Table l-| of the report showsthat the IST HD. 8 supernatant has
a higher urantum concentration than the exIsttng OETFtnfluent.
A revtw of the OMRData from October 1986, showsthat effluent
urantumconcentration ranged as follows:

,, .. 18 .._--.. _/I.A -n:ll, ,,r_,.,.. .Ge7 i,o i.iy
. B. Daily Average: .034 to .301

The_treatability dite showsthat the proposed mtxture can be treated
to 0.03 m./1. In l tght of the post performance, please ldd_ss the
capability of Ule ex|sttng equipmentto treat this tnfluent with a

l htgh_r uraniumconcentration to met the O.S ag/1 effluent level.
Noto, eh1| level sty bl too high based on discussions tn |tem Z.

2. Throughprevious correspondenceand discussions, this Office has ex-

pres__ed1 tta concern with the toxicity due to uranium tn the effluent.a o og1¢11 testing was required with the results showinga
96-Hr. LCso- 1.67 mo/1 for blue gtll ftsh and a 48-Hr. LCSO - 0.2Z
ag/1 for flathead minnows. The biological testtng was performed

' In solutions prepared from waterobtatned from upperThree Runs
, Crm,k and rag"Ieus concentrationsof url,,31 .ll.rate.

A safety factor of lO0 with a_e,t, _.n..v.Ic_ty tests t= used by SC_ItCCI to address chronic (long tem_ Impact. Using this factor, the tnstre_
_ urinlum concentration that would not cause in Impact would need to be

and the coolt, g water flOW OF 0.72 HGD, this would result tn
acceptable effluent 1.trotts of 0.017 to O.Zl ag/l,

,,, m ' 'rHnnlr' _' .... ,'rlr



A ruvtew of the OMRdata from October 1986 ts provtded tn ];tem1.
The effluent levels are all above0.027 _il/1 tfld manyexceed the O.Zl
q/1 level.

Thts Offtce, the_fo_l, continues to ba concernedutah the posstble
1apace of the HO04Discharge on the receiving water. Basedon these

;" • d_scusstons, and the addttton of a wsstewater stream wtthe htghe_
c.onclnt_atton of urlntum.to the O_F, thts Offtce proposes to modtfy
tna NPgESParma to require seven o_y ¢nronl¢ toxtctty testtng for the

• discharge from MO04. Thts testtng wtll demonstrate the 1Wecs o_ the
ictus1 effluent levels and ferns of uruntuw es well as the addtt_,,/e

: lapseSof all eh1 constituents tn the uaqt,_,_m
_acneo please fend the proposedPart lllr modification, pl_qadnn

_l,, r.==ul_s of _nls testlng, the target 11mats for urentum may be
wdtfted and/or 11mtts may be placed tn the PeatS.

• 3. The treatability study states that e compos|te sulple of I$T No. 8 '

_: supernatant weemtxed wtth ten s=ples of H-Area dilute wastr_ater.• 'The tr!letaBtllt ! study was then performed (page Z;II). Average ;
'" concentratloni for the etxed s=nples and t__eetabtllt¥ results aere

provided. Please provtde the separate analysts for the 10 samples
and the treatability results for the ten sales,

4, .T.abltl 2-3, 2-4, |-S and t-6 noto that t|nks 1-6 when slJnpledtn
Novemner, 1986 and analyzed December,1988 through OCtober, 1987
and that tank 8 was staled tn January, 1987 and tnalyzld November,
1987 thro,oh .lan.=r_, taoo e,.._.._ ..,h.J ..... ,,, .. .......... • w_. vvmoovmov MblOVtai4) al_qPlbll li_ bll_ W4AIMUIff

ricommind.d stoPIgi ttmo for ,=e*.all t1 stx months. Fur .iLrsLus
and phosphates the maxtmumre¢omended storage ttme ts 48 hours.
was this testtng perfomed bY e South Carollnt certified liberator:r?
Please address the effect on the analytical results and treatability
results.

S. lAtdtscusst°n of trettmnt for-Isr No. 4 ts discussed on pige Z-ll.ts-statedthtr the =ddttton of SodtumH_lroxtde wtll ratse the
pH _h|¢h wtll fault tn e reduction of Uraniumand sludge tn the
tank. A tre=tabt|tty study should be provtded to dmonstrate th|s.
;n addition, thtl Offtce his concernsregarding dissolving the sludge

• and then are!Stag the supern=tant through the I)(TF. |t appears that
thts utl1 only be transferring the sludoe from teak #4 to the OETF
for dtsposal.
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, ' PARTIZ!

. .. , U" 38 p,a, ':)I 91Jl..

' Permtt No.: S¢000017!

3S. A completed NPO_ Form2C contalnlng actual Influeni: and effluent data lh,,
the F/H Effluent Treatment Facillty shall be sul:mltted to SCOHECwlthln four (:4), months after the E'rF first begins Co discharge.

, _P="

• 36. The Pem/t_ee shall develop and, after SCDHEC'Iapp_val, Imp1_ent it bio=
logtcal study on a quarterly basls to determine the impact of Outfall H-016
on the aquattc communities In the recelvtng stream. The biological study
program .ill constst of I one-year baseltne s1;ucIypr/or to dtschar e end
.three-.year pos_Ls_rtup stud.v. _e bto.Toglcal s_udy plan shall ]ncgludeen '
...=_,,,=.; .r ;ni lns_ream macrolnver_lbrmtL comn_nt_. Also, the btologlcal
s_Jdy pla. {hill dta:Patna t? 6;_e_;_iulaClgn o_ mercury iS occurring tn 1:heilC(]llA_1_" _.Mm,_ae._,.... d.S...........

_.-. .- :_,.-..- ....-. ,,, _,,= ,m_a,v,,:g sl;rails. Ine ,ermlt;_ee shall submit the
DlOiOglCai S_UOyplan tO $CDHECfor approval' no later allan four (4) months
after l:he Outfall H=016permit modification becomeseffective. After sub.
mtttal and revtew of the biological study ftnal report (ftnml report .tll

- contiltn bath base line and post startup studies, SCDHECham the authority
to request mitigative actton and/or continued studies of a nature and ?re-

... quenc¥ tobe agreed on with the Permttteeo
¢ $

37. The Permtttee shall develop and matntaln at _he pelleted ficillty a complete
Operations and Maintenance Manual"for the _llSte tree,ant plants. The manual
shall be available for on-stte re_vtewduPtng nomJl worktng hours. The'manual
shill containoperation and matntananc. _n,_,,e,_^.t _o. i111 equips.anl= :hd
appur_enances associated _ti;h eh. wax?.__PMma., _I.._ ?h..o.,.., ._.,,

qPl • egg eee_eI_l_ t _|I_ I I

con=a_na general description Of the tree,ehi procesl(es), operating char-
actirtst|cs that w111produce maximumtreatznent efficiency and corrective
action to be taken should operating dtftculttes be encountered.

38. Where applicable, the definition for "dally average" shall be ,ken to be
equivalent I;o l:he definition for "monthly average" provided tn Part I., C 8.a

. , of 1;heNPDESPermlt boller plate. . ' '
39. For Outfall HOOd:

As.I On a mon1;hlybaals , a 7-day ¢hronlc renew.._ _oxlc1_y test shall be conducted
shi_T I con_ro! and the tnstream waste concefl_rit:ton (IWC) of 8S. The test

be conducted ultng C,ertodaphntm dubta as the tesi: organtsm and tn accord-
; once wt th "Short-tem Methodsfor Estimati-ng the Chrontc Toxtctty of Effluents

•-.d Rece4.-t_.g '.';a _:C:PS 1;0 FPeshwaIIer Gr_i,;I_,,,"(EPA/800/4-85/014). Testing snail
._eg_.nOc;:bcr _.D.@oo&na resulL_ :,he,, be suOmi_ed I0 _ne vepl_nent wlthln
ftfteen clays of completion of each mon_ly 1;e11;. Twelve consecutive icciptable
months of toxtct_ results ally _Isult In qUlrtlriy tesi:ing tn 1tau of monthlytests.

.. 8. Reo_)ener_laus.- toxlc_i',,y

I? _ny monthly t_s1; results Indicate a stgr'lf_cant difference in Ceriodaphn_a
dub.tareproduction o_ survtval between tna control and tnstream _astl cancan-
tratton ai: the 9511confldence level (_ - 0.05), a 1;oxtctty reduce;tanplan
shall bi submitted wtthtn 60 days of t;_e Department notification. Upon
Departmen1;approval, thts shall becomea part of thts pemt1;. Tht; Dermis may
be modlflidor revokedand redssu_dto IncorDoratetoxlclt¥11mitatlonsand
monitor,lng requtramen1;s_n the eve,t toxtctty testing or other studies conducted
eM Cho ::?flur.n_ _- _'eCd_;'ti;_ _I.,ea,,, ;.uiuace cna_ oI1_'lmlflIil e1'l'ects _Iy be
Q V tall _ 41'I$I 4a, q iii ll_i_ li i 8 . . _I ii i ii

"'" ......... ""_" '''"''*"al =",*':"' a: * i"s=:_t,i'; T, Of _J'1'Jl dilCJ'llrJi,

DRJFT
_i ,lr , ' I In., '"' "_' P_ " '_i , ,, ...... lr ' , ' , r,,' ", , .... ,' '_ " ' . , _, .... i., "'H', '" ,_I ,q' ',' ,r_.,..IT _ a,qi " 'rrlllpl' _I_I '_P I
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ATTACHMENT IV

C. C. Montgomery to S. R. Wright. Re: S.R.P M-Area, Biological and Chemical
Assessment of M-Area Process Discharge to Tim's Branch - June 1985 to Dec.
1986. South Carolina Department of Health and Environmental Control (SCDHEC),
Columbia, SC, 29201 (March 15, 1989).
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South Carolina Department of Health
and Environmental Control ,:43 ..

2600 Bull Strum Ikmnt
ColumbiL S.C. i_i Harry M. Hallman. Jr.. Cha,rman

ToncyGraham.Jr. M.D.. Vice-ChalrmJn
JohnB. Pate.M.D, Secretar._

C_ Oren L. Brady.Jr.
MichaelD. Jarretl MosesH. Clarkson.Jr

Euta M. Coivm. M.D.

March 15, 1989 HenryS. Jordan. M_D

S. R. Wright, Director
Environmental Division
Savannah River Operations Office
P.O. Box A
Aiken, South Carolina 29802

Re: S.R.P. M- Area
Biological and Chemical Assessment of M-Area Process
Discharge to Tim's Branch- June 1985 - Dec. 1986.

Dear Mr. Wright:

SCDHEC Staff have reviewed the above report, submitted as

required by Part III, Item #28, of the NPDES Permit. Below is a
list of their observations and cozments.

1 • Chemistry

A. Sediment TKN values below the discharge are very
elevated relative to statewide sediment data.

B. The N:P ratio suggests the potential for algal blooms
at certain times of the year.

2. Macroinve_ebrates

A. The s_udies conducted were very thorough. The data
collected showed very diverse communities and no signs
of stress in the study area.

B. Taxa richness improved downstream of the discharge due
to higher dissolved oxygen levels and higher flow
rates...

C. Total biomass and densities were similar at all
locations.



S •R. Wright, Director
March iS, 1989
Page 2

3. Periphyton

A. There were no indications that the periphytic
communities vera significantly impacted due to the
discharges.

4. Toxicity

A. Acute toxicity tests were conducted with NCC+PAS,
NCC+PAS+LETF, and Tim' s Branch water.

B. There appeared to be no real decllne of toxicity
during the year of testing but rather indi=a_ that
both effluent combinations were variable in nature.

C. Acute toxicity in Tim's Branch water was low through-
out the year, but no toxicity should be expected. Any
toxicity should be unacceptable instream.

D. Due to the high instreal waste concentration (89.2%)
at 7Qf0 (0.258 mgd), chronlo toxicity tests should be
conducted to directly address chronic toxicity.
high ZWC and the variable nature of acute toxicit,
indicate a real potential for chronic toxic_.ty.

Questions concerning these comments mhould be direc_.ed to Mr.
Butch Younginer, Manager of Water Quality Monitoring Section, at
734-5401.

Sincere ly,

Cathy C. Mont_omef_
Environmental Quality Manager

" Water Quality Assessment and
Enforcement Division

cc \3h
cc: Steve Thomas

Kim Cauthen
Butch Younginer

File: sropera.doc



ATTAfYrIMENT V

Test Report No. A 16747, Revision II, Acute and Chronic Toxicity of Uranyl Nitrate
to Ceriodaphnia Dubia, Task Order Contract AX843930, Task I". AnalytiKEM Inc.,
Cherry Hill, NJ 08003 (January, 1989).
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Z. INTRODUCTION

Acute and chronic toxicity tests were conducted August 5 - 12, 1988,

for the Savannah River Plant to assess the acute and chronic toxicity

of uranyl nitrate to Ceriodaphnia dubia.

ZI. METHODS

Dilution water for the toxicity tests was collected July 14, 1988,

from Upper Three Runs Creek at the northside of a bridge on Road 2-1

on the Savannah River Plant site. The water was filtered with a

glass fiber filter and acclimation of the Ceriodaphnia cultures to

i the creek water started on July 14, 1988. Ce_iodaphnia for the

I definitive acute and chronic tests were cultured in the creek water

for approximately three weeks before being used in the toxicity '

tests.

A total of four range-finding tests were conducted July 19 - August

I 5, 1988, with concentrations ranging from 0.0018mg/l - 1.0 mg/l

reagent grade uranyl nitrate (0.00085 - 0..4740 mg/l theoretical

Uranium) (Table 1). These tests were used to determine test

I concentrations for the definitive acute and chronic tests.

A. Acute Toxicity Test.

Test methOSs conformed to those described in USEPA (1985a; see Table

2). The 48-hour acute toxicity test was conducted August 10 - 12,

1988, with the following uranyl nitrate concentrations: 1.0 mg/l

(0.490mg/I actual recovered uranium), 0.56 mg/1 (0.290mg/l uranium),

0.32 mg/l (0.140mg/l uranium), 0.18 mg/l (O.081mg/l uranium)and 0.I0

i mg/l (0.044mg/l uranium). For the control, i00% dilution water was

I

--[--
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Table 2: Summary of test conditions for the acute toxicity

bioassay with Ceriodaphnia dubi_____a.

I. Temperature: 25 ± 1 C

2. Light intensity Ambient laboratory levels

3. Photoperiod: 16 h light/8 h dark

4. Size of test vessel: 250 ml beakers

5. Volume of test solution: i00 ml

6. Age of test organisms 2-24 hour old neonates

7. No. animals per
test vessel: I0

8. No. replicate test
I vessels per
I concentration: 2

I 9. Total no. organismsper concentration: 20

10. Feeding regime: No feeding required

Ii. Aeration: None, unless D.O. falls
below 40% saturation, at which
time gentle single-bubble
aeration started

12. Dilution water: Upper Three Runs Creek Water
at the Savannah River Plant
Road 2-1

13. Test duration: 48 hours

14. Effec_ measured: Mortality - no movement of
appendages on gentle prodding

-3-



used. Ali organisms used in the toxicity tests were from SHEALY

ENVIRONMENTAL SERVICES, INC. in-house cultures which were obtained

from the USEPA Newtown Laboratory April 20, 1987, Lab _.D. No.

87-271. Ceriodaphnia from in-house cultures are identified and

preserved monthly. A standard toxicant test with the EPA reference

I toxicant cadmium chloride (Lab. I.D. No. 88-964) was performed on

Ceriodaphnia cultured in water from Upper Three Runs Creek in

I conjunction with the acute and chronic tests. The results of thisi

test (LC50=0.09 mg/l cadmium chloride) demonstrated that the

I
condition of the culture was within the acceptable range for test

organisms (0.056-0.198mg/I). Test solutions and the controls were

prepared in 100 ml quantities in all-glass test chambers. All '

I concentrations and the control were tested in duplicate with ten

Ceriodaphnia dubia neonates (2-24 hours old) each. The test

I solutions were renewed after 24-hours. A i00 mg/l uranyl nitrate

stock solution was prepared on August 4, 1988, using reagent grade

uranyl nitrate by rapidly weighing 0.0101 grams of the chemical onto

a tared weighing paper in a balance containing desiccant. All uranyl

nitrate test concentrations were prepared fresh daily from the

100mg/l stock solution by dosing the dilution water with the

appropriate aliquot using Hamilton microliter syringes (accuracy and

reproducibility to z 1%) except for the lmg/l concentration which was

i made up using a 1 ml Class A volumetric pipet. The uranyl nitrate

stock solution was stored at 4Oc during testing. Samples of all test

i solutions were preserved with 0.15% metals grade nitric acid and

shipped with ice packs via Federal Express to ANALYTIKEM, INC. for

verification.

-4-



Dissolved oxygen, water temperature, pH, conductivity, alkalinity and

total hardness measurements were made in conjunction with the test.

Temperature was maintained at 25°C ± 1°C in all test chambers. The

test organisms were placed singly in the test vessels each containing
i00 ml of solution. Transfer of the neonates was accomplished using

an eye dropper where the organism was never removed from solution.

Test chambers were examined every 24 hours for immobile Ceriodaphnia.

Immobile animals were examined with a stereoscope (60X) and were

considered dead if no appendage activity could be observed after

gentle prodding.
t

B. Chronic Toxicity Bioassay

I Test methods conformed to those described in USEPA (1985b; see Table
3). The 7-day chronic toxicity bioassay was performed as eight

I treatments exposing I0 female test organisms each. The first

treatment was the control (100% filtered Upper Three Runs Creek

Water). The uranyl nitrate solutions were 0.0032mg/l, 0.0056mg/Ir

0.01mg/l, 0.018mg/l, 0.032mg/l , 0.056mg/l and 0.10mg/l (actual

recovered uranium values of <0.0013mg/l, <0.0013mg/l, 0.0021mg/l,

0.0014mg/l, 0.0096mg/l, 0.015mg/l and 0.044mg/l, respectively). All
I

test solutions were prepared from the same 100mg/l stock solution as

the acute test dosing the dilution water with the appropriate aliquot

using Hamilton microliter syringes (accuracy and reproducibility to

1%). The test organisms were exposed to each treatment in individual

test chambers. Test solutions were renewed daily.
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! Table 3: Summary of test conditions for chronic toxicity
bioassay with Ceriodaphnia dubia.

..

i. _emperature: 25 _ l°C '

2. Light intensity: Ambient laboratory levels

3. Photoperiod: 16 h light/8 h dark

4. Size of test vessel: 1 ounce SOLO plastic
disposable cups

5. Volume of test solution: 15 ml

6. Age of test organisms 2-24 hour neonates andall
released within the same four

. hour period

7. No. animals per
test vessel: 1

t
t

8. No. replicate test

I vessels perconcentration: 10

i 9. Total no. organismsper concentration: 10

i0. Feeding regime: Selenastrum capricornutum at the
rate ofl-2,000,000 cells
per ml. test soln. per day

11. Aeration: None

12. Dilution water: Upper Three Runs Creek
Water at the Savannah River
Plant Road 2-1

13. Test _uration: 7 days

14. Effect measure_: Mortality - no movement of
appendages on gentle prodding
and number of offspring
produced



I

Dissolved oxygen, water temperature, pH, conductivity, total hardness

and alkalinity measurements were made in conjunction with the tests.
i •

I Temperature was maintained at 25 ° C (± 1 ° C) in all test chambers

during the test.

The test organisms were placed singly in test vessels each containing

15 ml of solution. The organisms were between 20 and 24 hours old at

the start of the test. Transfer of the neonates was accomplished

I using an eye dropper where the organismwas never removed from
solution. All Ceriodaphnia were fed the green alga Selenastrum

I
l capricornutum at a rate of approximately 1,000,000 cells per ml. test

t

solution per day. Selenastrum cultures were obtained from Carolina

Biological Supply Company and cultured in natural spring water and

i Alga-Gro media in 1-1iter cotton-plugged erlenmeyer flasks and
maintained under bright fluorescent lighting for 6 days. Test

chambers were incubated for temperature control with photoperiod held

at 16 hours of light and 8 hours of darkness. Randomization of test

animals in the incubator and order of feeding was established based

on random number tables.

ZZZ. RESULTS

A. Acute Toxicity Bioassay

The results of the 48-hour acute toxicity bioassay are given in Table

4. All results are reported as test concentrations of total uranium

I recovered from the analyzed uranyl nitratesolutions. Mortality

occurred in the 0.081 (100% mortality), 0.140 (100% mortality},

®
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Table 4. Number and percentage of Ceriodaphnia showing effect {death)
during the 48-hour static renewal bioassay to determine the
acute toxicity of Uranyl nitrate to Ceriodaphnla dubia,
August 10 - 12, 1988. Concentrations "in theoret£ca--T----
and actual recovered uranium. Ten test organisms per
replicate.

Test Number Affected After %
Concentration Replicate 24 Hours 48 Hours Affected

A 0 0
Control 0%

B 0 0

Actual
Theoretical U Recovered U

_..

A 0 0

L 0.047mg/l 0.044mg/l 0%
B 0 0

e

A 0 I0

[ 0.085mg/l 0.081mg/l 100%B 0 10

i A i0 i00.15mg/l 0.14mg/l 100%
B i0 10

A 10 10
0.27mg/l 0.29mg/l 100%

B 10 10

I A I0 i0
0.47mg/1 0.49mg/l 100%

B 10 i0
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0.290mg11 (100% mortality) and 0.490mg11 (100% mortality) recovered

I uranium concentrations. No mortality occurred in the control or the

s 0.044 mg/l uranium concentration. These data were used to determine
i

a 48-hour LC50 (median lethal concentration) value with the Binomial

Method (EPA, 1985a). This calculation resulted in a 48-hour LC50

value of 0.060mg/l uranium with 95% confidence limits of 0.044 and

0.081 mg/l.

Water chemistry data taken in conjuction with the acute bioassay are

given in Table 5. Ali parameters monitored were within acceptable
I

limits for bioassay purposes.

I
t

o ,

B. Chronic Toxicity Bioassay

I The results of the 7-day chronic toxicity test conducted August 5 -

12, 1988, are given in Table 6. Mortality occurred in the

<0.0013mg/1 (10% mortality}, 0.0021mg/1 (20% mortality) and

0.0014mg/l (10% mortality) recovered uranium concentrations. No

mortality occurred in the control. Reproduction in the control

I averaged 32.9 offspring per female. One male was observed in the

0.015mg/l and 0.044mg/l uranium concentrations. Males were not

included in calculating the reproduction data as specified by SCDHEC

(Mr. Dave Graves, Biological Services Division, personal

communication).

-9-
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Table 6. Survival and reproduction of Ceriodaphnia dubia exposed
to solutions of uranyl nitrate August 5 - 12, 1988.
Concentrations in theoretical and actual recovered uranium.

X - Death 0 - Live - No Reproduction # _ Reproduction

Conc. Day A B C D E F G H I J

Control 1 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0
3 2 0 3 2 0 3 0 3 3 2

I 4 8 0 3 1 3 9 0 7 0 0
5 0 12 11 11 8 10 10 2 8 0
6 14 15 1 12 15 12 15 12 11 14
7 12 12 17 0 3 16 Ii 13 2 1-.

TOTAL 36 39 35 26 29 50 36 37 24 17

Mean Number of Young/Female = 32.9 (S.D.= Z9} Survival = 100%

I

Conc. Day A B C D E F G H I J

Theoretical U

i 0.0015mg/l 1 0 0 0 0 0 0 0 0 0 0Recovered U 2 0 0 0 0 0 0 0 0 0 0

<0.0013mg/1 3 0 2 0 1 0 0 2 0 2 0
4 1 6 2 0 5 0 0 0 0 0
5 7 0 7 12 11 7 9 10 11 11
6 9 II I0 I0 12 i0 8 12 11 12
7 14 12 X/12 0 15 14 9 5 2 9

TOTAL 31 31 X/31 23 43 31 28 27 26 32

Mean Number of Young/Female = 30.3 (S.D.= ±5} Survival = 90%

Conc. 4Day A B C D E F G H I J

Theoretical U
0.0027mg/l 1 0 0 0 0 0 0 0 0 0 0

l Recovered U 2 0 0 0 0 0 0 0 0 0 0
i <0.0013mg/l 3 0 0 0 0 0 3 0 0 4 0

4 6 5 0 2 5 0 1 7 0 0
5 7 12 7 7 12 8 5 13 5 I0
6 II ii 2 9 9 15 12 0 7 7
7 6 0 13 0 0 0 1 12 1 0

TOTAL 30 28 22 18 26 26 19 32 17 17

Mean Number of Young/Female = 23.5 (S.D.= ±6) Survival = 100%

-Ii-
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I
Table 6. (Continued)

Conc. Day A B C D E F G H I J

Theoretical U

.0.0047 mg/l i, 0 0 0 0 0 0 0 0 0 0
Recovered U 2 0 0 0 0 0 0 0 0 0 0
0.0021 3 0 0 0 0 0 0 0 0 0 0

4 2 3 3 0 0 5 1 3 0 1
5 9 7 7 9 10 11 8 6 6 10
6 10 12 X/0 X/2 12 7 16 Ii 5 10
7 4 0 - - 1 17 2 0 2 0

TOTAL 25 22 X/10 X/11 23 40 27 20 13 21

Mean Number of Young/Female ffi21.2 (S.D. ffi_91 Survival ffi80%

i

I Conc. Day A B C D E F G H I J

I Theoretical U

j 0.0085mg/l 1 0 0 0 0 0 0 0 0 0 0
Recovered U 2 0 0 0 0 0 0 0 0 0 0 '
0.0014mg/l 3 0 0 0 0 0 X/0 0 0 0 0

J 4 0 3 4 0 0 - 5 1 0 05 0 9 9 7 8 - 7 9 8 11
6 0 13 5 4 0 - 0 12 0 13

J 7 12 0 14 0 0 - 0 0 12 0TOTAL 12 25 32 11 8 X/0 12 22 20 24

Mean Number of Young/Female = 16.6 (S.D.= +10) Survival = 90%

Conc. Day A B C D E F G H I J

Theoretical U

_.015mg/l 1 0 0 0 0 0 0 0 0 0 0
Recovered U 2 0 0 0 0 0 0 0 0 0 0
0.0096mg/l 3 0 0 0 0 0 0 0 0 0 0

-4 3 0 0 4 8 0 3 0 0 0
5 4 5 8 10 0 0 2 4 10 8
6 6 ' 5 13 10 10 12 4 5 8 11
7 16 0 2 0 2 0 1 0 0 1

TOTAL 29 10 23 24 20 12 10 9 18 20

Mean Number of Young/Female = 17.5 (S.D.= ±7) Survival = 100%

-12-
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Table 6. (Continued)
iii e| in -- ,.......

Conc. Day A B C D E F G H Z J
, -- -- , T

Theoretical U
0.027mg/1 1 0 0 0 0 0 0 0 0 0 0
Recovered U 2 0 0 0 0 0 0 0 0 0 0
0,015mg/l 3 0 0 0 0 0 0 0 0 0 0

4 3 1 0 1 3 0 3 0 0 0
5 7 8 7 9 9 8 8 7 5 0
6 5 11 12 5 8 11 10 9 11 0
7 0 1 0 1 1 0 1 0 0 0

TOTAL 15 21 19 16 21 19 22 16 16 0*

Mean Number of Young/Female = 18.,3 (S.D.= 13) Survival - I00%

•. ,. .. ., -- _ ,. -- __ ,.,

Conc. Day A B C D E F G H I J

I Theoretical U
| "0_04 7mg /1 i 0 0 0 0 0 0 0 0 0 0

!

Recovered U 2 0 0 0 0 0 0 0 0 0 0

0 •044mg/1 3 0 0 0 0 0 0 0 0 0 04 0 0 0 0 0 0 0 0 0 0
5 4 4 3 4 4 3 4 5 0 0
6 1 9 8 7 i0 i0 9 7 8 0

I 7 5 6 8 4 0 5 2 5 6 0TOTAL 10 19 19 15 14 18 15 17 14 0*

Mean Number of Young/Female = 15.7 (S.D.- +_3) Survival = 100%

!

* Male "- Not included in reproduction data.

%

-13-



Average reproduction in the uranyl nitrate solutions was as follows:

I Control = 32.9 offspring per female

Theoretical U Recovered U

I 0.0015mg/l <0.0013mg/l = 30.1 offspring per female

0.0027mg/l <0.0013mg/l = 23.5 offspring per female

0.0047mg/l 0.0021mg/l = 21.2 offspring per female

0.0085mg/l 0.0014mg/l = 16.6 offspring per female

0.015mg/1 0.0096mg/l = 17.5 offspring per female

I 0.027mg/l 0.015mg/l = 18.3 offspring per fe ale

0.047mg/l 0.044mg/l = 15.7 offspring per female

L t

The reproduction data were tested for normality using the Chi-Square

Goodness of Fit Test and homogeneity of variances using Bartlett's

i Test. Log transformed data were found to be normally distributed
(Chi-Square = 6.915, critical value = 13.28) with homogeneous

variances (Bartlett's = 8.22; critical value = 12.59). Statistical

analyses of the results using Dunnett's Multiple Comparison Procedure

indicated chronic toxicity at the 0.0027mg/l, 0.0047mg/l, 0.0085mg/l,

0.015mg/1, 0.027mg/l and 0.047mg/l theorectial uranyl nitrate (as

uranium) concentrations (actual recovered uranium concentrations
_

<0.0013, 0.0021, 0.0014, 0.0096, 0.015 and 0.044mg/l, respectively).

The no observed effect concentration (NOEC) was 0.0015mg/l uranyl

nitrate (as uranium) (<0.0013mg/l actual recovered uranium) while the

lowest observed effect concentration (LOEC) was 0.0027mg/1 uranyl

nitrate (as uranium) (<0.0013mg/l actual uranium). The chronic value

(ChV), taken as the geometric mean of the NOEC and LOEC, was

-14-



0.0020mg/1 uranyl nitrate (as uranium}.
r

Note: The theoretical (as prepared} uranium concentrations were
utilized for the determination of the NOEC, LOEC,, and
chronic value (ChV), due to the analytical detection level
limit (<0.0013mg!i U).

Water chemistry data taken in conjunction with the chronic toxicity

test are given in Table 7. All parameters monitored were within

acceptable limits for bioassay purposes.

-15-



Table 7. Water chemistry data recorded in conjunction with the sev
day toxicity bioassay to assess the chronic toxicity of
Uranyl nitrate to Ceriodaphnia dubia, August,5 - 12, 1988.

, D.O. Temp. pH Cond. Hard. Alk.
Date Treatment (mg/l) (°C) (SU) (umhQs/cm) (mg/l) (mg/l)

i

I 8/5 Control 8.0 24.5 7.0 18 6.1 i.I
0.0032 mg/l 8.0 24.5 7.0 21 - -
0.0056 mg/l 8.0 24.5 7.1 21 - -
0.010 mg/1 8.0 24.5 7.0 21 - -
0.018 mg/i 8.0 24.5 7.0 21 - --
0.032 mg/l 8.0 24.5 6.9 21 - " -
0.056 mg/l 8.0 24.5 6.9 21 - -

i C.10 mg/l _.0 24.5 7.4 22 - -

I 8/6 (Before Renewal)Control 7.8 ....
• 0.0032 mg/l 7.8 .....

i 0.0056 mg/l 7.8 .....0.010 mg/l 7.9 .....
0.018 mg/l 7.9 .....
0.032 mg/l 8.0 .....

! 0 056 mg/l 8 0 - -
, 0.10 mg/i 8.0 .....

i 8/6 (After Renewal)Control 8.0 26.0 7.5 - - _
0.0032 mg/l C.0 26.0 7.3 - - -
0 0056 mg/l 8 0 26 0 7 "
0.010 mg/l 8.0 26.0 7.4 - - -
0.018 mg/l 8.0 26.0 7.3 - - -
0.032 mg/1 8.0 26.0 7.4 - - -
0.056 mg/l 8.0 26.0 7.3 - - -
0.01 mg/l 8.0 26.0 7.3 - - -

8/7 _Before Renewal)
Control 7.8 .....

0.0032 mg/l 7.8 .....
0.0056 mg/l 7.9 .....
0.010 mg/l 7.9 .....
0.018 mg/1 7.8 .....
0.032 mg/l 7.8 .....
0.056 mg/l 7.8 .....
0.01 mg/l 7.8 .....

-16-
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Table 7. Continued:

D.O. Temp. pH Cond. Hard- Alk.
Date Treatment (rag/l) (Oc) (SU) (umhos/cm) (mgll) (mgll)

8/7 (After Renewal)
Control 7.9 26.0 6.7 - - -
0.0032 mg/l 7.9 26.0 6.7 - - -
0.0056 mg/l 7.9 26.0 7.1 ....
0._i0 mg/! 7.8 26.0 7.0 - - -

I 0.018 mg/l 7.8 26.0 7.1 - - -
0.032 mg/l 7.8 26.0 7.1 - - -
0.056 mg/l 7.9 26.0 7.1 - - -

I 0.01 mg/l 7.5 26.0 7.2 - - -
i

8/5 (Before Renewal)
i Control 7.7 .....

0.0032 mg/l 7.6 .....
0.0056 mg/l 7.2 .... u
0.010 mg/l 7.2 .....

0.018 mg/l 6.8 ..... -0.032 mg/l 7.0 .....
0.056 mg/l 7.0 .....

I 0.01 mg/l 7.5 .....

8/8 (After Renewal)
Control 7.7 26.0 7.5 - - -

I 0.0032 mg/l 7.7 26.0 7.3 ....0.0056 mg/1 7.8 26.0 7_1 - - -
0.010 mg/l 7.5 26.0 7.1 - - -

i 0.018 mg/l 7.5 26.0 7.1 - - -
0.032 mg/l 7.5 26.0 7.1 - - -
0.056 mg/l 7.5 26.0 7.0 - - -
0.10 mg/l 7.5 26.0 7.1 - - -

8/9 (Before Renewal)
_ontrol 7.7 .....

0.0032 mg/l 7.7 .....
0.0056 mg/l 7.6 .....
0.010 mg/1 7.6 .....
0.018 mg/l 7.5 .....
0.032 mg/l 7.6 .....
0.056 mg/1 7.6 .....
0.10 mg/l 7.4 ......

e
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Table 7. Continued:

D.O. Temp. pH Cond. Hard. Alk.

Date Treatment (rag/l) (oc) (SU) (umhos/cm) (rag/l} (rag/l)

!

.I 8/9 (After Renewal)
Contro I 7.7 26.0 7.1 - - -
0.0032 mg/1 7.7 26.0 7.0 ....

I 0.0056 mg/l 7.7 26.0 7.0 - - -
0.010 mg/l 7.7 26.0 7.0 - - -
0.018 rag/1 7.7 26.0 7.0 - - -
0.032 mg/l 7.7 26.0 7.0 - - -
0.056 mg/l 7.7 26.0 7.0 - - -
0.10 rag/1 7.5 26.0 7.0 - - -

8/10 (Before Renewal)
I Contro I 7.3 .....

0.0032 rag/1 7.3 .....
0.0056 mg/ l 7.2 .....

I 0.010 mg/l 7.40.018 mg/1 7.3 ..... ,
0.032 mg/1 7.3 .....

r 0.056 mg/l 7.3 .....0.01 mg/1 7.4 .....

i 8/10 (After Renewal)Control 7.4 26.0 7.6 - - -
0.0032 mg/1 7.3 26.0 7.0 - - -
0.0056 mg/1 7.3 26.0 7.0 - - -

I 0.010 mg/l 7.4 26.0 7.0 - - -0.018 mg/1 7.5 26.0 7.0 - - -
0.032 mg/l 7.4 26.0 7.0 - - -
0.056 mg/l 7.5 26.0 7.0 - - -
0.I0 mg/l 7.5 26.0 7.0 - - -

8/11 (Before Renewal)
Control 7.5 .....
0.0032 mg/1 7.4 .....
0.0056 mg/l 7.4 .....
0.010 rag/1 7.5 .....
0.018 mg/l 7.6 .....
0.032 mg/1 7.5 .....
0.056 rag/1 7.5 .....
0.10 mg/1 7.5 .....

#
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Table 7. Continued:

i

D.O. Temp. pH Cond. HaEd. Alk.
Date Treatment (rag/l) (oc) (SU) (umhos/cm) (rag/l) (rag/l)

.I
8/11 (After Renewal )

Control 7.5 25.5 6.8 - - -
0.0032 mg/l 7.5 25.5 6.9 - - -
0.0056 mg/l 7.5 25.5 6.8 - - -
0.010 mg/l 7.5 25.5 6.8 - - -

I 0.018 mg/l 7.5 25.5 6.9 - - -0.032 mg/l 7.5 25.5 6.9 - - -
0.056 mg/l 7.5 25.5 6.9 - - -

I 0.i0 mg/l 7.5 25.5 6.8 - - -i 8/12 (Final)
Control 7.5 25.5 ....
0.0032 mg/l 7.4 25.5 ....

i 0.0056 mg/l 7.5 25.5 ....
0.010 mg/l 7.5 25.5 .... .
0.018 mg/l 7.4 25.5 ....

I 0.032 mg/l 7.4 25.5 ....0.056 mg/l 7.5 25.5 ....
0.10 mg/l 7.5 25.5 ....

-19-
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V. ANALYSIS OF TEST SOLUTIONS

Two methods for the preparation of the test solutions used in inis

study were investigated. These are:

I. Standard serial dilution method

2. Dosing with microliter syrlnge

Analysis of solutions, prepared using Method l, for urany_ nitra_a
concentration (as total uranium) produced highly variable, non-

reproducible resul=s. Actual analyte recoveries range from 0 to

greater than 200% of the theoretical concentration. "

Analysis of solutions prepared using Method 2 produced more consistent
and acceptable data. Problems were encountered, however, at uranyl
nitrate concentrations below 0.I mg/L. These results are presented

in Table 8.
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Table 8. Results of analysis of cesr solutions for uranyl nitrate

hexahydrate UO2(NO3)2"6H20 concentration.

Theoretical
Concentration of

Theoretical Uranium Uraolum, total Percent

Concentration of (Derived from (Observed) Uranium

UO2(NO3)2"6H20 , mg/L Weisht % Calculation) m_/l Recover_

0.0032 .0015 <.0013" N/A

0.0056 .0027 <.0013" _/A

0.010 .0047 .0021 45

0.018 .0085 .0014 16

0.032 .015 .0096 ,64

0.056 .027 .015 56

0. I00 .047 .044 94

0.180 .085 .081 95

0.320 .15 .140 93

0.560 .270 .290 I07

1.00 .470 .490 104

Notes :

Atomic W g t Uranium = 238.03

(Ali concentrations in Table 6 are calculated as total Uranium.)

* Detection limit of 0.00.13

Note: Low level detection limits were achieved by sample preconceL_trat_on.

See Table 1 & 2 which were submitted to DuPont on October 24, 1988.
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0
VI. METHODOLOGY

Metals

Aqueous

Sample Preparation Methods

Test Methods for Evaluating Solid Waste, Physlcal/Chemical Methods,

SW846, Third Edition, USEPA, November 1986.

• Method 3010: Acid Digestion of Aqueous Samples and Extracts for
Total Metals for Analysis by Flame Atomic ADsorption

Spectroscopy or Inductively Coupled Plasma Spectroscopy.

!

Sample Analysis Methods

Methods for Chemical Analysis of Water and Wastes, EPA 600/4-79-020,

USEPA, March 1983.

• Method 200.7: Inductively Coupled Plasma-Atomic Emission Spectrometric
Method for Trace Element Analysis of Water and Wastes.
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Vll. qUALITY CONTROL DATA

Matrix Spike/Matrlx Spike Duplicate Recovery Data

Sample Amount Recovery

Constituent SPiked of Spike MS MSD RPD

Uranium DI Water .I0 116 124 7

Units (mg/l) (%) (%) (%)

Note: Deloaized water was spiked with uranium to give a 0.10O mg/l
final concentration.

Definition of Terms

MS - Matrix Spike
MSD - Matrix Spike Duplicate
RPD - Relative Percent Difference



ATTACHMENT VI

W. A. Fithian to J. L. Keyes. References: Contract AX 843390 Task 1,2.
AnalytiKEM Inc., Cherry Hill, NJ 08003 (October, 1988).
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_ __ _ f_ _...m__m JL41_"_U

/_nalyo_cm A_ American NuKEM Company

AnslytiKEM Inc.

._,_ / ,,,. 28Spr,ngda,eRoadJ _ /' "_ Chem/Hill.NJ08003

/ ' 215,'923-2068j k
/_" fr-- C_-- October 24, 1988

E.I. du Pont de Nemours & Company, Inc.

Ato_Lc Energy Division
Savannah River Plant

A/ken, South Carolina 29808-0001

Attention: John L. Keyes

References: Contact AX 843930 Task 1, 2

Dear Mr. Keyes:

In response to your letter of September 21, 1988, AnalytiKEM is pleased te
document the Uranium results requested. Instrument detection Zimit (IDL)

and spike recovery studies were undertaken, and the results are as
folZows :

I) The IDL study was performed by ICP. A 200 ppb Uranium standard was
run seven times and the three sigma recovery limits were calculated.
The data is presented in Table I.

2) The spike recovery study was performed by ZCP as weil. Five standards
were run at the following levels: I ppb, 5 ppbj I0 ppb, 25 ppb and 50 ppb.
Results are presented in Table 2. The standards were concentrated by
factors (described in Table 2) to enable their detection by ICP.

I trust that this data satisfies your needs. If there are any questions,

please do not hesitate to call.

Very truly yours,

-- Analy_iKEM,_

' W_m_A_Fithia n

Laboratory Manager

WAF/eml

cc: P, de Andino
J. Shearard

J. McLaughlln
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Table 1

Uranium Detection Limit Studyii , i i

Uranium Standard Recoveries ,

Actual Values: 201

194

197

20_

222

214
216

206

219

G"= 10.2 ug/1

3 X0"- INSTRUMENT DETECTION LIMIT = 30.6 ug/1

Note: Study was conducted at 385.958 nm

l



Table 2

Uranium Standard Recovery Study

STANDARD CONCENTRATION CONCENTRATION (ug/l) CALCULATED PEKCENT

AMOUNT (u_/l) FACTOR RECOVERED IN CONCENTRATE CONCENTRATION RECOVERY

1.0 I000/I0 87 0.87 ug/l 87

5.0 i000/I0 504 5.04 ug/l I01

I0 I00/I0 96 9.6 UE/I 96

25 I00/I0 248 24.8 ug/l , 99

50 I00/I0 459 45.9 u_/l 92

Note: Stock Uranium Standard Solution was prepared by Inorganic Venture, Inc.

in 2% nitric.
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. Methodology

Metals

t_IUeO_B

Sample Analysis Methods

Methods ft_r Chemical Analysis of Ware and Wastes, EPA 600/4-79-020,
USEPA, March 1983.

• Method 200.7: Inductively Coupled Plasma-Atomic Emission
Spectrometric Method for Trace Elemen_ An_ysls
of Water and Wastes.

!



ATTACT-/ME2CYVII

J. B. Pickett to J.L. Keyes. Inter-Office Memorandum, Scope of Work for M-Area
Effluent Toxicity Tests. E. I. Du Pont de Nemours & Co., Savannah River Plant,
Aiken, SC 29808 (September 30, 1988).
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INTER-OFFICE MEMORANDUM
SAVANNAH RIVER PLANT

TO: J. L. KEYES, 703-A
ENVIRONMENT & ENERGY DEPARTMENT

FROM: J. B. PICKETT, 320-4M
RAW MATERIALS ENGINEERING & TECHNOLGY DEPARTMENT

SCOPE OF WORK FOR M-AREA EFFLUENT TOXICITY TESTS

A scope of work for the toxicity testing to be done by Analytikem
is attached. Please transmit the scope to them.

JBP :smr

Atr

t

CC : P. C. MAHONEY, 730-M

W. L. SPECHT, 773-42A

H. L. MARTIN, 730-M



PROPOSED SCOPE OF WORK FOR

M-AREA TOXICITY TESTING BY ANALYTIKEM (AX-843930)

TASK ORDER NO.

I. Chemical Testina .--

• Test the following three chemicals for acute & chronic toxicity.

•Acute toxicity = 48 hr LC50

•Chronic toxicity = 7 day LOEC(Lowest Observed Effect
Concentration) and NOCE(No Observed Effect Concentration)

- Uranyl Nitrate - procure commercially

- Hydrogen Uranyl Phosphate - prepare (procedure attached)
- Uranium Dioxide - supplied by Du Pont

• Weighed amounts of each chemical in a known volume of water to
be used. Alsa, each test solution (ie, _ of the diluted:

toxicity solutions) is to be analyzed for total uranium
concentration, with an analytical detection limit of 0.001 mg/L

(as U).

!

• - Ceriodaphnia dubia to be used

- Upper Three Runs Creek water as control (collected at SRP Road
F or upstream of Road F.

- Serial dilutions

• Chemical concentration (gins solid/liter of water) for both acute

toxicity LC50 and the Chronic Lowest Observed Effect

Concentration (LOEC) and No Observed Effect Concentration (NOEC)
is to be determined.

• Timing: Initial results on UO2(NO3)2 to be completed by 8/31/88.

Results on HUO2PO4 within three weeks of receiving the

preparation details and on UO2 within three weeks of receiving
material from M-Area. M-Area plans to ship the UO2 by 9/2/88.

2. Effluent Testing

• The foll_wing effluents are to be tested for acute and chronic

toxicity.

- M-005 (Air stripper effluent) plus non-contact cooling water;
to be collected in sewer line downstream of M-005 and cooling

water mixing point.

- M-004 (LETF Effluent); to be collected when LETF operating.

- A-014 Composite; o be coll_ -ed when air stripper and LETF

are operating, pi_s non-contact cooling water.

- M-004 and simulated supernatant (H. L. Martin to prepare)



- A-014 composite and simulated supernatant (H. L. Martin to

prepare)

- Tims Branch water above A-014 discharge (immediately below

Beaver Dam; which is upstream of the A-014 discharge'and the

Tims Branch mixing zone).

• Du Pont will prepare shipping orders for U02 and composite

samples (J. B. Pickett)

• Composite collection will probably be by Dupont personnel.

• The composite samples will be collected over a 24 Hr. period.

• Timing (TBD) Toxicity results to be transmitted within 3 weeks
of receipt of samples.

3. Toxicity Testing Details

All toxicity tests will be conducted using EPA approved methods
(Peltier and Weber, 1985; Horning and Weber; 1985), except

that the acute tests will be conducted at 25oc rather than t

20oc.



 TTAC NTPreparation of HUO2PO4" _@_0 C /_ -_- __

i) Mix uranyl nitrate and phosphoric acid on a 1 mole_U to 1 mole

PO4 ratio.

2) Neutralize to pH 6-7 with NaOH.

3) Stir 15 minutes, and filter precipitate.

4) Rinse three times with D.I. water.

5) Dry ppt at 105 ° C overnight.

Resulting compound should be: HUO2PO4-4H20 (Hydrogen uranyl

phosphate, or hydrogen autenite)
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SHEALYENVIRONMENTALSERVICES,INC.
BIOLOGIST_TOX_OC.MSTS& CHE_STS

400 GRA_VK)NT A_N_ July 13, 1989 [_ (803) 2_-_15

I

Joseph P. McLaughlin, Manager
ANALYTIKEM, INC.
454 Anderson Road, BTC 532
Rock Hill, SC 29730 ..---..

].- !

Dear Mr. McLaughlin:

osed lease find the revised reports on the_ chronicEncl P • ndthe
oxicitv tests for Hydrogen uranyl phosphate_nyl_d e many

t -- ............. _ =ee from the rep or_-f-Et_Trave as
M-Area e_zluents. _ yu_ --_
of the requested revisions as possible. Additionally, we have the
following comments concerning technical concerns/questions which were
addressed by Dr. John Pickett, Dr. Winona Specht and Mr. John Keyes:

1. All water samples have been filtered through a 37 um plankton net.
The EPA protocol from EPA/600/4-85/014 is 30 um. The new EPA Bulletin
(EPA/600/4-89/001), however; specifies to _se a 60 um plankton net.
Please advise as to which bore size is to be used in future toxicity
tests. (Response to Item Number 1 of letter dated May 24, 1989).

2. For all future test samples and effluents will be aerated vigorously
for 5 minutes when necessary to eliminate problem of supersaturation _hen
samples are warmed to 25°C. (Response to Item Number 2 of letter dated
May 24, 1989).

. There is no EPA criteria for acceptable coefficients of variation,owever; as requested we will maintain coefficients of variation for the
control groups below 35% in all future tests. This may require that some
tests be repeated at SAVANNAH RIVER SITE's expense. (Response to Item
Number 5 of letter dated May 24, 1989).

4. Concerning the question of pH decline overtime in the hydrogen uranyl
phosphate and uranyl nltrate tests we are enclosing calibration records
for the pH readings for review. Please note the same dilution water was
used for both tests. (Response to Item Number 6 of letter dated May 24,
1989).

5. The chronic values for the hydrogen uranyl phosphate test was an

typographical_error which was corrected in the revised report. The
chronic value for the uranyl nitrate is correct as 0.0031 ppm and not
0.0037 ppm as Dr. Specht indicated. The value was derived as follows:

Antilog [Loa {NOEC_ + Loa {LOEC_] =
2

Antilog [(0.0025 + 0.0039)/2)] = 0.0031

(Response to Item Number 7 of letter dated May 24, 1989).

Please call if you have any questions.

Sincerely, /_ _---_

Rich L.

President/- CL:RIIFEDLABO4_TORY
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1

x. X_RODUCTXON

louts and chronic toxicity tests were conducted Oanuary 2S - February

16, 1909, for the Savannah River Site to asmess the acute _nd chronic

toxicity of uranyl nitrate to Ceri0daphnia _L_

XX• _OD8

Dilution water for the toxicity tests was oolleated JanuazT 23 (Lab

X.D. No. 89-0129}, February 9, 1989 (Lab X.D. No. 89-0364}, and

February 13, 1989 (Lab X.D. No. 89-0371) £rom Upper Three Runs Greek.

at the northside of a bridge on Road Z-I on the Savannah River Plant

site by Mr. Jeff Bullard and shipped iced to the laboratory via

Federal wxpress. The water was filtered with a plankton net (37 aa|

and only water less than 96 hours old was used for the toxicity tests.

Cerigdavhnia for the acute and chronic tests had boon cultured in

creek water since October 2S, 1988.

A. Acute Toxicity Test

Test methods conforned to those described in USEPA (1985a; see Table

1). The 48-hour acute toxicity test was conducted January 25 - 27•

1989• with the following ooncontrations of u_anyl nitrate: 1.0 mg/1

(0.S00 ag/1 aotual reooverod uranium)• 0.S6 mg/l (0.270 mg/1 recovered

uranium) • 0.32 ag/1 (0.X60 ag/1 reeoverod uraniun), 0.18 ag/1 (0.088

rag/1 recovered uranium) and 0.10 ag/1 (0.0S1 ag/1 recovered uranium).

For the control, 100_ dilution water was used.

Ali organisms used in the tozicity tests were from SRB_L¥

BNVX__L 8BRVXCFJ, XNC. •s in-house cultures which were obtained



Table i: Summary of test conditions for the acute toxicity 2
bioassay with Ceriodaphnia dubia.

I. Temperature: 25 _ l°C

2. Light intensity: Ambient laboratory levels

3. Photoperiod: 16 h light/8 h dark

4. Size of test vessel: 100 ml beakers

5. Volume of test solution: 50 ml

6. Age of test organisms: 2-24 hour old neonates

7. No. animals per
test vessel: I0

8. No. replicate test
vessels per

per concentration: 2 t

9. Total no. organisms

per concentration: 20

10. Feeding regime: No feeding required

11. Aeration: None, unless D.O. falls
below 40% saturation, at which

time gentle single-bubble
aeration started.

12. Dilution water: Upper Three Runs Creek
Water at the Savannah River
Plant Road 2-1

13. Test duration: 48 hours

14. Effect mehsured: Mortality - no movement of
appendages on gentle prodding



Dissolved orlgen, water temperature, pH, conductivity, alkalinity and

total hardness measurements were made in conjunction with the test.

Temperature was maintained at 25°C + l°C in all test chambers. The



test organisms were placed singly in the test vessels each containing

SO ml of solution. Transfer of the neonates was accomplished using an

eye dropper where the organism was never removed from solution.

Test chambers w_: _ oxs_Lned eve_/ 24 hours for Jmnnobile _eriodanhnia.

Inobile animals were examined with a stereoscope (60X) and were

considered dead if no appendage activity could be observed after

gentle prodding.

B. Chronic Toxicity Bioassay

Test methods con£crmed to those described in UBEPA (1985b; see Table
e

2). The ?-day chronic toxicity bioassay van performed Fobrua_/ 9 -

1G, 1989, aS ssven treatnents exposing 10 test organisms each. The

first trea_nent was the control (100_ filtered Upper Tbzee Runs Creek

Water). The uranyl nitrate solutions were 0.0032 mg/1, 0.00S6 ag/l,

0.01 mg/1, 0.018 mg/1, 0.032 mg/1 and 0.0S6 ag/l, as shown in Table 3.

Actual Eecoverod uraniumvalues were 0.00033 mg/1 and 0.0025 ag/l,

0.0039 mg/1, 0.00$1 mg/1, 0.016 mg/1 and 00036 mg/1, respectively).

_11 test solutions veto prepared from a 103 mg/l stock uranyl nitrate

solution prepared February 9, 1989, by dosing the dilution water with

the appropriate aliquot using Hamilton microliter syringes (accuracy

and reproduc_bility to i 1_). The test organisms were exposed to each

treatment in individual test chambers. Test solutions wore renewed

daily.



Table 2: Summary of test conditions for the chronic toxicity 5
bioassay with Ceriodaphnia dubia.!

t

1. Temperature: 25 ± l°C

Ambient laboratory levels2. Light intensity:

3. Photoperiod: 16 h light/8 h dark

4. Size of test vessel: 1 ounce SOLO plastic
disposable cups

5. Volume of test solution: 15 ml

6. Age of test organisms: 2-24 hour neonates and all
released within the same four

hour period

7. No. animals per
test vessel: 1

8. No. replicate test
vessels per

per concentration: i0

9. Total no. organisms

per concentration: i0

10. Feeding regime: Selenastrum capricornutum at
the rate of 1-2,000,000 cells

per ml test soln. per day

11. Aeration: None

12. Dilution water: UpperThree Runs Creek
Water at the Savannah River
Site Road 2-1

13. Test duration: 7 days

14. Effect measured: + Mortality - no movement of
appendages on gentle prodding
and number of offspring

produced



Dissolved oxTgen, water temperature, pH, and conductivity measurements

were made daily in conjunction with the test. Temperature was

maintained at 2S ° + 1°C in all test chambers during the test.

The test organisms were pZaced singly in the test vessels each

containing 15 ml of solution. The organisms were between 19 and 23

hours old at the start of the test. Transfer of the neonates was

accomplished using an eye dropper where the organism was never removed

from solution. &ll CeriodaDhnia were fsd the green alga 8el_nast_un

caDricorn_um at s rate of approxt:uately 1,000,000 cells per ml. test

solution per day. Pelenastru: cultures were obtained from Carolina
!

Biological 8upply Company and cultured in natural spring water and

&lga-Gro media in 1-1iter cottcn-pluggedErlenmeyer flasks and

maintainedunder bright £1uorescent lighting for 6 days. Test

chambers were incubated for temperature control with photoperiod held

at 16 hours of light and 8 hours of darkness. Randomization of test

animals in the incubator and order of feeding ras established based on

random number tables.

ZlZ. RESULTS

A. &cute Toxicity Bioassay

The results of the 48-hour acute toxicity bioassay are given in Table

3. Ali results are reported as test concentrations of total uranium

recovered from the analysed uranyl nitrate solutions. Kortality

oc:urredin the 0.0SI mg/1 (154 mortality), 0.088 mg/l (454.

mortality), 0_160 mg/1 (954 mortality)e 0.270 mg/1 (954 mortality),
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and 0.S00 mg/l (100% mor_•lity) recovered uranium concentrations. No

norkality occulted in the control. These data were used to deternine

a 48-hour LCS0 (median lethal concentration) value vith the Probit

Hethod (EP&, lg8Sa). Thin calculation resulted in • 48-hour L_S0

value of O.O89 mg/1 recovered uranium with 9S_ confidence limits of

0.0?2 and 0.10? mg/1 (See _ppendix _).

Water chemistry data taken in conjunction vlth the acute bioassay are

given in Table 4. &ll parameters monitored were within acceptable

limits for bioassay purposes.

B. Chronic Toxicity Bioassay

The results of the 7-day chronic toxicity test azo given in Table So

Mortality of the adult females occurred in the 0.00033 mg/1 (10_

mortality), 0.0025 mg/1 (10_ mortality), 0.0039 (10_ mortality),

0.0081 mg/1 (10_ mortality), and 0.016 mg/1 (20_ mortality) recovered

uranium concentations. No mortality occurred in the control or the

0.036 mg/1 •ctual uran£um concentration. Reproduction in the control

averaged 20 offspring per female. One male was observed in the 0.0025

mg/1 uranium concentration. Hales were not included in calculating

the reproduction data as specified by Mr. Dave Graves (SCDHEC,

Biological Services Division, personal communication).



9



i0

Table 5: REPRODUCTION/MORTALITY DATA for the Ceriodaphnia Chronic Toxicity

Test conducted with uran_l nitrate for the Savannah River Site.
I._Live
D=Dead

_-o o olo o olo _ _1ommmm# mmmm m m mmm ,

o o oI_ o _Io _ olommmmm mmmm mms m_bamm mm m mmmm mm m mmmm mm m mlm, amm,m mmmm

ooolooolooio_o=o_ ........... ;- --;...........................
4 II 2 __2 __7 0 4 2 4

..... I i5 6 0 9 8 5 2 6 4 2

6 6 3 i0 0 Ii 0 4 7 I0 6

-_ _ _ _i _ _ _' ° ° _l
_mmmm mmmm mmmm mmm_ mmmm mmmm m_mm mmmmlmm_m mmmm m_mm

m

X= 19.5 S.D. = 8.89

L=Live

D=Dead

Conc. Day A B C _i D E F U _I H I J [ i

.........................ooo):oo.......ooi............ooo1Dilution ......

2 0 0 0 0 0 0 0 0 0 0

(ooo_)o_,_................._ o o ol................o o o ol............o o oll

oooo_._,_......._ o.........o _I................_oo _ ,I;o........._ ,li

.....'-- ! .........Ik
am am. am,am I *nra mmllm I I ammm,, li,mm, m anm,mam- nauru

ADULT L L L L L L D L L

X= 19.9 S.D. = 4.28



i II
Table 5: REPRODUCTION/MORTALITY DATA for the Ceriodaphnia Chronic Toxicity

Test conducted with uranyl nitrate for the Savannah River Site.
L=Live (Continued)
D=Dead

Conc. Day A B C D E FIG H I J

1 0 0 0 0 0 0 0 0 0Diluti_ - - "on ----- ____ ____ _ _ __ - - iii --m- -_ - --_i ---- -_--

2 _o o o o o o I o o o o(0.0056) ............................................

mg/1 3 o o o o o 0 I o o o ouranyl ...........................................

nitrate 4 4 4 4 4 2 4 I 2 2 0 4

Recovered .......................................

Uranium 6 12 5 I0 D/9 0_I 4 I._10 9 0 0ooo_.......................................

X= 17.7 S.D. = 3.64
_____---_-

*Male not included in reproduction data.
L=Live
l_-Dead

cone. Day A IB lc D lE IF IG I H I I I J i...........:............o---,-,--,-,--,-,--,-,--,-,--,-,--,-
_. o-o-I-;-I-;-I--;-I--;-I--;-I--;-I

( O.OLO ) I
°,_ _. o--o-I--;-I--;-I--;-I--;-I--;-I--;-

:Ooi::: L
nmtrate- _4..,- -_ 3 --o-I;_o-I--o-I--o-I--;-I--;-I--;-

Recovered _5 ; --;-I-:--I--;-I--:-I--;-I--;-I--o----I-i --;-_ran_ , -,- _0 ----_
0.0039

. o oo o
...... I I .... I .... I.... i .... I .... I .... I....

X= 9.0 S.D. = 5.10
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Table 5: REPRODUCTION/MORTALITY DATA for the Ceriodaphnia Chronic Toxicity
Test conducted with uranyl nitrate for the Savannah River Site.

L=Live (Cont_ued)
D=Dead

Conc. Day A B C D E F G H I J..................................i....i....i.......:!....!
_ o o o o o ! o ! oi o o i o I

Dilution ......................... 1.... 1.... I........ i.... i

2 0 0 0 0 0 ! 0 J 0 ! 0 0 ! 0 !
( 0.018 ) .......................... I .... I .... I ........ I .... i

=_/_ _ o o o o °i °1 °! ° °! ° !
uranyl ......................... I.... I .... I ........ i.... i

nitrate 4 5 0 3 2 2 J 3 J 2 J 0 2 I 2 J
..........................I....I....I........I....I

s 3 o 8 o 4J 3 ! 416 41 s !
Recovered .......................... I..... I .... I ........ I...... v

Uranium 6 3 o o _/o _! "! tl k '°1 _ I
0. 0081 ........................... I....... I.... I ........ I .... r
mg/l 7 o o o -. o I o l z l 4. o l o I

..... ......... t----! .... I .... I.... I........ i----I ITOTAL zz o z,,I 2112114113 I :i.6 1611211

......... ........ I.... I.... I.... I.... I.... i.... I.... II
........,._____________,__,_,__._,__,_,__,_,__,_,_______i_____li,

X= 10.7 S.D. = 5.43

L=Live

D;Dead Day I A J B J C J D J E J F J U I H J I J J JJ

-T.......--:--I--o---,-,--,-,--,-,--,-,--,-,--,-,--,-,--,-,--,-,,
Dzlution --;--I --;- --,-,--,-,--,-,--,-,--,---,-,--,-,--,-,--,-,,
( 0.032 ) ..... ' .... i.................... !................ I

mg/l 3 I o o J o I o I o I o o o I o ! o I
uranyl .................................. ' ............

--;--I--;--,,-,--,-'-'--'--'-'--'---; --;I--;I--; I
Recovered ..... I ........ I.... I.... I.... I............ I.... I.... IUranzum 6 I 3 51 7 I- lD/OI 3 4 • OI 3 I 5 I

=g/10"016..............................................7 I 0 2 1 0 I - I - I 2 0 0 I 0 I 0 !
mmmmm mmmm ammmm mmmm mmmm mmmm mmmm mmmm mmmm mmm mmm mmmmm

.............. I ............ I.... I.... I............ I.... I.... I
,___ ___ _______ _______---- ---- -- ----,n_--

O -- --------,n_em_---------------- -- _'--------I

X= 8.3 S.D. = 4.85
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kverage reproduction tnd noz_aliL-7 of the adult females in the uranyl

nitrate solutions was u follows:
Offspring

per
Female Hortality

Control = 19.5 O_

U02 (NO3) 2 • 6H20 Th@orettcal U Recovered U

0.0032 0.0015 mg/l 0.00033 mg/l = 19.9 10_

0.0056 0.0027 mg/1 0.0025 Rg/1 = 17.7 10_

0.010 0.0047 mg/1 0.0039 mg/1 = 9.0 10_

0.018 0.0085 rag/1 0.0081 rag/1 : 10.7 10_

0.032 0.015 rag/1 0.016 rag/1 = 8.3 209_
!

0.056 0.027 rag/1 0.036 rag/1 : 6.9 0_;

The reproduction data were tested for nornality using the Chi-8quare

Goodness of Fit Test. Log transformed data vera found to be not

normally distributed (Chi-Square = 20.910 critical value = 12.59).

Statistical analyses of the results using the Wilcoxon Rank Sum Test

indicated chronic toxicity at the 0.0039 mg/1, 0.0081 mg/1, 0.016

mg/1, and 0.036 mg/1 recovered uranium concentrations. The no

observed effect concentration (NOEC) was 0.0025 mg/1 actual recovered

uranium (0.0056 mg/1 uranyl nitrate) while the lowest observed effect

concentration (LOEC) was 0.0039 actual recovered uranium (0.010 mg/1

uranyl nitrate). The chronic value(ChV), taken as the geometric mean

of the NOEC and LOEC, was 0.0031 rag/1 recovered uranium (0.0075 rag/1

4k

=
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later chemistry _data t_ktn in conjunction with the chronic toxicity

test are given in Table 6. &ll parameters monitored yore _ithin

acceptsble linits for bioassay purposes except for the pH readings on

Fe_rusA7 14 and 15. For these days pH,8 of less than 6 standards

units yore recorded for all concentrations &ud the centro1.

0
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TabLe6. MATERCIIENIS11_DATAfor the Ceriod_.nfs Chronic Toxicity Tilt c;Tliucted u|_h
uranyl nitrate for the SavannahRiver Site.

I UAY1 I o_vz o,T3 I o_v4 I o_vs I o,v 6 I owr7 i
ConcmtrattmI Parileter II:nit. I old Iren_l old Ir,n_l otd Ir,n-_l old Ir,_l old Iren-_lold meal otd Irene,I
•"""----I---_--":"ml I'=='1"_1"_'1""1"" ""l'"l"'=l"=l"'l''"'l"=='l "'1""'1""=1

IT,m- (dee.°C)11_.5 I I_-01 I_.0 124.5I I_.0 I i24.S I 24.5 IZS.0I I
I................ II ..... I..... I ..... I..... I.......... I ..... I..... I ..... I..... I..... I .......... I..... I..... I
ID.O.(1_=) 119.0018.30IS-SOle.ZOle.TOie.oole.3017.90IS.2017.3019.0017.00s.90 17.zoI I

Com:rot I II ..... I..... I..... I..... I..... ;..... I ..... I..... I ..... I..... I..... I ........... I ..... l..... I
( ox ) I_ (su) 116._5I 16.z4I 16.17 16.zoI 16.15I 15.a6I 5.e9I I I

I................ II ..... I..... I..... I..... I.......... I..... I..... I ..... I..... I..... I ..... ..... I..... I..... I
IAtk.(pmCaC03)II 3.0 1 13.01 13.0 13.0 1 I 3.0 1 13.0 1 3.0 1 I I
I................ II..... I ..... I..... I ..... I..... !..... I..... I..... I ..... I ..... I..... I ..... I..... I":--I ....... I
I,,r_.(m, c,co_)ll3.s I I 3.el I 3.e 13.8 I I 3.e I I 3.e I 3.e I I I
I ................ II...... !..... I..... I ..... I .......... I..... I ..... I..... I ..... I ..... I.......... I..... t ..... I:l
Icmd.(_os/=) II 20 I 120 I 120 I ZO I 119 I 119 I 19 I I II
I ................. II ..... I..... I ..... I..... I .......... I..... I ..... I..... I..... I ..... I.......... I..... I..... ii

" 111 I• •ll••l••l_ll_l_••• I •• • ••••••• • ••ii•••••••• ••••lD•• • ••••••••••llii••l•ll ••••llll•llll•••lllll••••••llllllll• •• •• • • ••
:,

t

I oxyI I OAYZ I DAY3 I DAY4 1 DAY5 1 DAY6 I DAY? I
ConcentrationI Parameter illnit, l old lrerm*lold Ir*newlold Ir*ne.l old Irenewl old Irene.lold Irene.lold Irene..I

=.••...=---i....•..••••..--I I•...I.-...I-..,.•I-.--.I-----I,.---,I•...--I--=•I---••I---••I••--•I•••••I••••• ----•I•••-•IITem. (_.°c) 11_.5 I IZS.oI IZ4.5I IZt,.5I IZ/,.oI IZ5.5 I IZ/,.5 zS.Ol I
0,0003_ i................ II ..... I ..... I..... I ..... I..... I..... I..... I ..... I..... I..... I ..... I..... I .......... I..... I
•o/L I0.0. (_) 119.00IS.30IS.SO18.ZOIS._ IS.lOle.3017._0IS.Zo17.5019.2017._019._0T._Ol I

RecoveredI................ II ..... I ..... I..... I ..... I ..... I..... I..... I ..... I..... I..... I ...... I ..... I .......... I..... I
Urlrlilll lP"(SU) 116.35I 16.25I 16.15I 16.19I 16.1_I 15._ I 15._0 I I

I................ II..... I ..... I..... I ..... I ..... I..... I ..... I ..... I ..... I..... i..... I ..... I..... i..... I..... I
ICond.(u.hoilm)II _9 I 1 19 I 119 I 119 I 119 I 119 I 119 I I
I................ II ..... I..... I ..... I..... I ..... I..... I..... I..... I ..... I..... I..... I ..... I..... I..... I ..... I

I OAYI I OAYZ I DAYZ I DAY; I DAY5 1 OAY6 1 OWY7 II
Co.centr,tlonI Parieter lllnlt.l otd Iren_l old Ir_'l old Ir*mt,l old Im_'l old Ir*_e_.lold Im_'l old Irene_ll
•............,................, ,.....,--..-,.....,-..-.,--.--,-----,-----,-----,-----,-----,-----,-----,----,-----,-----,,

IT..P. (def.°C) I I_.5 1 IZS.OI I_.0 I I_.5 1 I2_.SI I_.0 1 I_'..0 IZS.OI II
0.00_ I................ II..... I ..... I ..... I..... I ..... I..... I ..... I..... I ..... I ..... I ..... I..... I ..... I..... I..... II
,_/t I0.0. (_) Ile.9s,IS._ le.So,IS.ZoIS._ le.OOIS_ :tT._ le.35IT._,s19._ 17.5019._ 17.90I II,

hcover_ I ................ II..... I..... I ..... I..... I..... I..... I..... I ..... I..... I..... I ..... I..... I ..... I..... I..... II
ur_tm ll_ (su) 116.2 I 16.30I 16.1/,I 16.15I 16.10I 15.88I 15.M I I II

I ................ II ..... I..... I ..... I..... I..... I ..... I..... I ..... I..... I..... I..... I ..... I..... I ..... I..... II
v Ic-."-'_-,('_-_/_)!! _9 ! ! 19 ! !_0 I I ZO I 119 I I 19 I 1191 I II

I................. II ..... I..... I ..... I ..... I..... I ..... I..... I ..... I ..... I ..... I..... I ..... I..... I..... I ..... I!
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TabLe 6. bUtTERCHENISTRY DATA for the Ceriodai3hnla Chronic Toxicity Tee• conducted utth

urmyL nitrate for the hverrmh River Site. (Continued)
•. e _ _m _qmlJeoJmm,e ee_ _ _ e eqanDe _ _ _ m e _me e _ e e_ e me omoeoo m_eu_ ee e. * o ee _ e e * ee.e _. e e m_qm,_ meme _ mee4uJ ee _ e. e m_ u _ _. e e w a e _ e. e e_u. e .a ma•oa e e m_ *e

I DAY1 ! DAY2 I DAY_ I DAY4 I DAYS I DAY6 I DAY7
Conco_rattonlPmrmmter IIInit. I old Ir,,ne,I otd It,aerl old I"esl old I'"e"l otd Irone_lold Irnvl old Iron•vi

IT,,r). (deo.°C) I I_-S I I_.OI IZ4.0I I_-OI IZ6.0I I_.O I 1:'6.Sles.OI
0.0039 I................ II ..... I..... I ..... I..... I ..... I..... I..... I ..... I..... I..... I..... I ..... I ..... I..... I .....
m/L Io.O.(laV_) 119.00la.60 la.SOla.es la.7o la.Oole.So17'.90le.6017'.60le.9s 17.7o19.3s17.901

RecoveredI ................ II ..... I..... I ..... I..... I ..... I..... I..... I .......... I..... I..... I..... I ..... I..... I .....
uranium Ip_(su) 116._ I 16.18I 16.10I 16.16I 16.06I IS.a6I IS.ro'I I

I ................ II ..... I..... I ..... I..... I ..... I..... I..... I ..... I..... I ..... I..... I..... I ..... I..... I .....
Icc_.cmo,/c-) II 191 1191 I ZO I I ZO I 19 I 119 I 119 I I
I................ II ..... I..... I ...... I..... I ..... I ..... I..... I ..... t..... I..... I..... I..... I ..... I ..... I..... I

I DAY _ I DAYZ I DAY 3 I DAY 4 I DAYS I DAY 6 I DAY 7

concentrotionl Pare•tor linit. I oLd IrenewloLd Irene.I oLdIror_ I old Irmo.I oLd Irone.Iold Irmewlold Irene.
..--.........,............--,.....,.....,.....,.....,.....,.....,....,.....,.....,.....,....,.....,.....,.....,...'.

ITam_.(_.°C) les.s I IZ6.oI IZ4.oI les.o I les.o i IZS.oI IZ6.s les.o I
o.oosl I................ I..... I..... I ..... I..... !..... I ..... I..... I ""1 ..... I..... I ..... I..... I ..... I..... I .....

_/L ID.o.(_.) 19,0010.60la.Sola.Zo la.aola.OOla.So17.60la.ZO17.60la.9| 17.9019.ZO17.7Ol
Recovered I................ I..... I..... I ..... I..... I..... I ..... I..... I ..... I..... I..... I ..... I ..... I ..... I..... I .....
uranium IpH{SU) 16.25I 16.15I 16.10I 16.10I 16.05I IS.a6I IS.esI I

I" I ..... I..... I...... I..... I..... I ..... I..... I..... I ..... I..... I ..... I ..... I ..... I..... I .....
ICond.Cu_os/=)119 I 1191 I ZO I I ZO i 119 I 1191 1191 I
I................ I ..... I ..... I ..... I ..... I..... i ..... I ..... I..... I ..... I..... I ..... I ..... I ..... I..... I .....

_||_l_|l_l_ll_l_181•|_l_•l_lltt_tll•l_llI_l_ll_l_l_li_l_•_l_lll_•_l•_•|lll_l_ll_•_•_•lI_|_

----.....-....-,.......... o... t.o... ,. ,,......,-... o e............,.0..... ,..... o .,..........o ......., .D.,.--..:............. t....,.......

- I DAY1 I DAY 2 I DAY3 I DAY6 I DAYS I DAY6 I DAY7
Cor_tr:tionl Parieter IlXntt.I oLd Iraqi old Iraqi old Iraqi oLd Ir_l otd Iron_l oLd Iraqi oLd Iren_
----..---.-11 ..---...-._... I Illl.ll...'*l....ll .....I...ll..... I.....l....1 I..... I...lll..... IU... I....ll.l..l I.....

IT_. (_.°C) Iles.S I 124.0I les-OI 126.SI I_.0 I 124.0I IZ4.0 les.OI
o.o16 I................ II ..... I..... I ..... I ..... I..... I..... I ..... I..... I..... I ..... I..... I..... I..... I..... I .....
•o/t ID.O.c_m) lie.ge la.Sola.Sole.Zo le.To 17.90le.Zo17._0In._sI_.00 19._ le.Oo19._ 17._1

_ecover_ I................ II ..... I..... I..... I ..... I..... I..... I ..... I ..... I..... I ..... I..... I ..... I..... I..... I .....
uranium I_ (su) 116.z4I 16._0I 16.06I 16.0sI 16.0sI IS.e7I IS._ I I I.l

I................ II ..... I ..... I ..... I ..... I ..... I..... I..... I ..... I..... I ..... I ..... I ..... I ..... I..... I ..... II
I¢ond.Cu_o_/_n)II a9 I ! 19 I I ZO I I ZO I 1_9 I la9 I IS9 I I II
I................ II ..... I ..... I..... I ..... I ..... I..... I..... I ..... I ..... I..... I ..... I ..... I ..... I..... I ..... II

HlltilSm_-a _ l aU_mmHHmliflllSllSttHSSmll|tllm_s_Bmll_mgHflHlSlillllmlll
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TabLe 6. IdATERCIIENISTRYGATAfor the Ceri_|a Chronic Tout|city Tqmt conducted uith
urmyt nttrlt_u far the Savlmr_ River Site. (Continued)

o me eeeeeue, s e_me o oileee e eee_e e o e qe,eo. e _ _ll_e e *. * _ * _

I DAY1 I DAYZ I DAY3 I t)AV4 I DAYS I OAY6 I _Y 7 II
¢onc,_r_onl P.r..t.r IlU.Ot.I otd Irnvl old I_1 o_dIrnvl otd Iron.viold I--tori old ,Ir.,_ovlotd It--ll
"" _-"_'---"'-_'-I .... I I"" lu"l'm" I'"l'"l''lm" I""1""1"" I--"" I''"" I----" I"" I"'''" I
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ur,n4,, lp" (su) 116.24I 16.10I 16.05I 16.04I 16.01I IS.85I 15.86I I

I................ Ii ..... I..... I ..... I..... I..... I ..... I..... I ..... I..... I ..... I..... I ..... I..... I.......... I
ICor_.(u,d_o,/cs)llZO I 12o I I_ I 125 I I_ I 123 I I_ I I
I................ II ..... I..... I ..... I..... I..... I ..... I..... I ..... I..... I ..... I..... I..... I ..... I..... J..... t
IAtk.(l:SmCmCCZ3)II 3.0 I 13.0 I 13.0 I 13.0 I 13.0 I I 3.0 I I 3.0 I I I
I................ II ..... I..... I..... I..... I ..... I ..... I..... I..... I ..... I..... I..... I ..... I ..... I ..... I ..... I
IXorcl.Cm.C,C:03)113.8I 13.8 I 13.81 I 3.81 13.81 13.8 I 13.8 I I I
I................ ii ..... I..... I..... I..... I..... I..... I..... I..... I..... I..... I..... I..... I..... I..... !..... I



APPENDIX A

Probit Analyses of Acute Data

(Concentration in Actual Recovered Uranium)



EPA PROBIT ANALYSIS PROGRAM
USED FOR CA_._JLATING EC VAI/TES

VerSion 1.4

Probit Analysis of Uranyl Nitrate Acute Toxicity Test

Observed Adjusted Predicted

Number Number Proportion Proportion Proportion

Conc. Exposed Resp. Responding Responding Responding

0.0510 20 3 0.1500 0.1500 0.1486
0.0880 20 9 0.4500 0.4500 0_4961

0.1600 20 19 0.9500 0.9500 0.8690

0.2700 20 19 0.9500 0.9500 0.9827

0.5000 20 20 1.0000 1.0000 0.9995

Chi - Square Heterogeneity = 2.587

Mu = -1.053247

Sigma = 0.229407

Parameter Estimate Std. Err. 95% Confidence Limits
Dmm__m__mmm____mm----o------m--m --m--_m°mB--mm-_-_

.............................. 11 229771)
Intercept 9.591172 0.836020 ( 7.952574, •

Slope 4.359067 0.802859 ( 2.785463, 5.932670)

oretical Spontaneous Response Rate = 0.0000



ProbitAnalysisof Uranyl Nitrate Acute Toxicity Test

Estimate_ EC Values and Confidence Limits

Lower Upper

Point Conc. 95% Confidence Limits •

EC 1.00 0.0259 0.0119 0.0380
EC 5.00 0.0371 0.0207 0.0500

ECl0.00 0.0450 0.0276 0.0582

EC15.00 0.0512 0.0335 0.0646

EC50.00 0.0885 0.0715 0.1068
EC85.00 0.1529 0.1244 0.2162

Ecg0.00 0.1741 0.1387 0.2611
EC95.00 0.2109 0.1620 0.3476

EC99.00 0.3023 0.2144 0.6009





APPENDIX B.

Wilcoxon's Rank Sums



Wilcoxon,s Rank Sums

Uranyl Nitrate Recovered U Rank No. of Critical

Conc. (rag/l) Conc. (rag/l) Sum Replicates Rank Sum

0.0032 0.00033 101.5 10 73

0.0056 0.0025 79.5 9 60

0.010 0.0039 71 i0 73

0.018 0.0081 72 i0 73

0.032 0.016 66 10 73

0.056 0.036 66 i0 73

t
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IV• METHODOLOGY

Metals

Aqueous

Sample Preparation Methods

Test Methods for Evaluating Solid Waste, Physical/Chemical Methods,

SW846, Third Edition, USEPA, November 1986•

• Method 3010: Acid Digestion of Aqueous Samples and Extracts for
Total Metals for Analysis by Flame Atomic Absorption

Spectroscopy or Inductively Coupled Plasma Spectroscopy.
t

Sample Analysis Methods

Methods for Chemical Analysis of Water and Wastes, EPA 600/4-79-020,

USEPA, March 1983.

• Method 200.7: Inductively Coupled Plasma-Atomic Emission Spectrometric
Method for Trace Element Analysis of Water and Wastes.
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V. Ana!ysis of Te,st, ,S.o.lu.tiflns

Results of analysis of test solutions of uranyl nitrate hexahydrate
UO2(NO3)2"6H20 concentration (MW = 502.13)

Theoretical

Concentration Observed Concentration Percent

TotAl Uranium, mg/L Total Uraniumj mg/L .... Recover_

0,0015 0.00033 22

0.0026 0.0025 96

0.0047 0.0039 83

0.0085 0.0081 95

0.015 0,016 106

0.026 0.036 140

0.047 0.051 109

0.085 0.088 104

0.150 0.160 106

0.263 0.270 103

0.470 0.500 106

51.0 - 48.0 94
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VI_ _QUALITY..CONTROL DATA

Ma.t.ri.x..Sp,ike,/Matrlx .Spike_ Dupllcate .Re.cov,e,ry Data

Sample Amount R,e,covery

= Co,nsti,tuent Spiked of,,Spike Mat,rix Spike

Uranium DI Water I0 102

Uranlum DI Water 10 105

Uranium DI Water i00 93

Units (ug) (%)
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EXECUTIVE SUMMARY

Studies were conducted to assess the acute and chronic

toxicities of three uranium compounds discharged from the M-Area

Effluent Treatment Facility (ETF) into Tim's Branch, a tributary

of Upper Three Runs Creek. The ETF facility is designed to

process effluent discharged from the Fuel and Target Fabrication

Facility (M-Area) of the Savannah River Plant. The water_lea,

Ceriodaphnia dubia served as the test organism.

C. dubia static renewal toxicity tests were conducted, to

assess the acute toxicity of UO2(NO3) 2 6H20 , HUO2PO 4 4H20 , and

UO 2. Test results indicated that based on nominal concentrations

of total U, UO 2 was the most acutely toxic of the three compounds

(48 h LCSO = 0.05 mg/L total U; 95% confidence limits = 0.04 -

0.06 mg/L total U). The C. dubia 48 h LCS0 for UO2(NO3) 2 6H20 was

0.07 mg/L total U (95% confidence limits = 0.05 -0.13 mg/L total

U; nominal concentrations) while the LCS0 for HUO2PO 4 4H20 equaled

0.11 mg/L total U (95% confidence limits = 0.10 - 0.12 mg/L total

U; nominal concentrations)•

C__L. dubi_____aaseven-day static renewal toxicity tests were

conducted to determine the chronic toxicity of each of the three

uranium compounds• A conservative -terpretation of the chronic

toxicity test results determined thau the NOEC for uranyl nitrate

in Upper Three Runs Creek water was <0•008 mg/L total U while

IV
=



Q LOEC equaled 0.008 mg/L total U (nominal concentrations). The

NOEC and LOEC for HUO2PO4"4H20 equaled <0.006 and 0.0q6 mg/L total

U, respectively (nominal concentrations). The results of the C.

dubia chronic toxicity test conducted on uranium dioxide

determined that the NOEC equaled 0.03 mg/L total U and that the

LOEC equaled 0.05 mg/L total U (nominal concentrations).

V



i. 0 INTRODUCTION

Low concentrations of three different uranium compounds

[UO2(NO3)2"6H20 , HUO2PO4"4H20 , and UO2] are currently being

discharged from various outfalls located in M-Area on the

Savannah River Plant (SRP). Discharge from these outfalls enters

Tim's Branch, a tributary of Upper Three Runs Creek. Tim's

Branch flows into this creek near Road C on SRP. Upper Three

Runs Creek is a blackwater creek that runs through SRP property

and discharges into the Savannah River. The water in Upper Three

Runs Creek is generally acidic and demonstrates little or no

buffering capacity (see Table l-l). E. I. du Pont de Nemours & O

Co. requested that Normandeau Southeast (NAI-SE, SC DHEC

Laboratory Identification Number 02101) determine the toxicity of

each of the three uranium compounds to the waterflea, zeriodaphnia

dubia. Information generated from these tests will he_p determine

if the three uranium compounds are having an effect on the aquatic

biota of Tim's Branch or Upper Three Runs Creek.

This series of toxicity tests was designed tc assess both

the acute and chronic toxicity of the three uranium compounds.

The toxicity tests were conducted in three stages. The first stage

consisted of a series of range-finding tests in which C. dubia

were exposed to a wide range of concentrations of each of

the three uranium compounds. This phase was exploratory and its

i-i



Table I-i. Results of basic water-chemistry analyses

conducted on water samples collected from Upper

Three Runs Creek and the Road 2-1 bridge on the

Savannah River Plant. January 1986 - January
1988.

Total Total

Hardness Alkalinity a Conduct ivity

pH (CaCO 3mq/L ) (caCo 3ma/L _ (mS /cm)

1986

Jan. 14 5.50 2.5 1.0 0.020

Feb. 5 6.33 2.6 3.8 0.009

Mar. 5 5.90 4.5 1.0 0.010

Apr. 29 5.30 1.5 < DL 0.018

May 16 4.82 4.0 0.5 0.015 ,

June 17 5.30 2.5 0.5 0.010

Aug. 13 5.53 3.5 2.0 0.015

Oct. 27 6.95 3.0 < DL 0.010

Dec. 9 5.30 5.0 < DL 0.012

198"7

Apr. 6 5.80 5.5 2.0 0.020

July 17 5.40 3.5 1.5 0.018

Sept. 16 5.15 2.5 < DL 0.012

Oct. 15-- 5.90 6.0 2.5 0.020

,

Dec. 9 5.90 5.0 1.5 0.020

1988

Jan. Ii 5.50 6.0 1.5 0.022

aDetection Limit = 0.1 mg/L.

/
/

i
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purpose was to reduce the number of concentrations tested in:

the second phase by approximating concentrations of each compound

that would produce 50% mortality_ among the test organisms.

Once these initial tests were completed, definitive acute

static renewal 48 h toxicity tests were conducted. This

represented the second phase of testing and was designed to

establish the concentration of each uranium compound that was

lethal to 50% of the test organisms (lethal concentration, or

LCS0) within 48 h. The 95% confidence limits for each LC50 were

also calculated. The 95% confidence limits of an LC50

provide some indication of the range of concentrations over
t

which a similar acute response might be observed.

When the acute toxicities of U02 (N03) 2 6H20' UO 2 and

HUO2PO 4 4H20 to C. dubia had been determined, the third stage of

testing was initiated• Seven-day C. dubia static renewal life

cycle tests were performed to identify those concentrations of

each uranium compound that could have sublethal, long-term

(chronic), adverse effects _on aquatic organisms• C. dubia were

exposed to a range of concentrations of each of the three

compounds for seven days. The LC50 values determined for each

compound in the acute toxicity tests were used to help establish

the concentrations used in each chronic test. During any seven-

day period, Co dubia individuals typically produce three broods

of offspring• Test organism survival and offspring production

served as criteria for determining the chronic toxicity of each

uranium compound. O
=

_
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Statistical analyses of the C. dubia life cycle test results

were used to identify a no-observable-effect concentration

(NOEC), which was the highest concentration of toxicant [e.g.,

UO2(NO3)2"6H20 , UO2, or HUO2PO4"4H20 ] that produced no

statistically significant reduction in the survival or

reproduction of test organisms when compared to control organism

survival and reproduction. A lowest-observed-effect

concentration (LOEC) was also identified. The LOEC

represents that concentration of toxicant which produces a

statistically significant adverse effect on test organism
!

survival and reproduction (Homing and Weber 1985).

The results of the acute and seven-day chronic toxicity tests

will be used to help determine a threshold or safe discharge

concentration for each uranium compound so that these compounds

can be released from M-Area outfalls without disrupting the normal

propagation of fish and other aquatic life inhabiting Tim's

Branch or Upper Three Runs Creek.
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2.0 METHODS AND MATERIALS

2.1 PREPARATION OF STOCK SOLUTIONS

Unless otherwise specified, all solutions (both sto._k and

test) were prepared using volumetric glassware and calibrated

pipettes or pipetters. The concentration of total uranium was

confirmed analytically before each stock solution was used in a

test. With the exception of HUO2PO 4 4H20, these _lutions were

prepared in sufficic_ quantities so that the same stock

solution was used for both the acute and chronic toxicity tests.

Insufficient quantities of hydrogen uranyl phosphate stock were

initially prepared and another stock solution had to be made

prior to initiation of the chronic toxicity test.

Concentrations of total uranium (dissolved plus bound

uranium) were determined using either inductively coupled

plasma emission spectroscopy (EPA method 200.7; EPA 1983) or

fluorometry (Method 711-B; APHA 1985).

2.1.1 Uranyl Nitrate

i

Reagent grade uranyl nitrate (Mallinckrodt Lot #8640 KCAP)

was used to prepare the stock solution of this compound. The

stock solution was prepared by adding UO2(N03) 2"6H20 to Upper

Three Runs Creek water. The stock solution was measured to

determine the concentration of total uranium in the "as made"

stock solution of uranyl nitrate. The concentration of total
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uranium in this stock solution equaled 43.2 mg/L. This stock

solution was used to prepare all UO2(N03)2"6H20 solutions used

in the range-finding, acute, and chronic tests.

2.1.2 Hydroqen Uranyl Phosphate

• Reagent grade uranyl nitrate (Mallinkcrodt Lot #8640 KCAP)

and phosphoric acid were used to prepare hydrogen uranyl

phosphate. The uranyl nitrate was mixed with phosphoric acid

(i:i; moles uranium to moles phosphate). This mixture was
e

neutralized to pH 6-7 with 1.0 N NaOH and st_rred for 15 min.

The resulting precipitate (HUO2PO4"4H20) was filtered through

Whatman #4 filter paper, washed three times with deionized

water, transferred to a watch glass and dried at 105 ° C for

approximately 16 h.

Stock solutions of hydrogen uranyl phosphate were prepared

by mixing 1 g of compound with 1 L of Upper Three Runs Creek

water for approximately 1 h. The resultant suspension was

filtered through a glass fiber filter (Whatman GF/C) and the

filtrate used as a stock solution to prepare all toxicity test

solutions. The stock solutions were measured to determine the

concentration of total uranium in the "as made" stock solutions

of hydrogen uranyl phosphate. Measured concentrations of

uranium in the stock solutions equaled 1.2 and 3.8 mg/L total

uranium. The first stock solution (1.2 mg/L total U) was used
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in the range-finding and definitive acute toxicity tests. The

second stock solution (3.8 mg/L total U) was used in the chronic

toxicity test. _

2.1.3 Uranium Dioxide

Uranium dioxide (UO 2) used in this study was received from

E.I. du Pont de Nemours & Company, Savannah River Laboratory.

The sample consisted of a liquid overlying a layer of solid

material that had settled on the bottom of the container. The
t

liquid portion was decanted and filtered through a glass fiber

filter (Whatman GF/C). The fine particulates remaining in the

filtrate were allowed to settle. A pipette was used to transfer

the solution without resuspension of the particulate material.

This solution served as the UO 2 stock solution for the acute

and chronic toxicity tests. The stock solution was measured to

determine the concentration of total uranium in the "as made"

stock solutions of uranium dioxide. Measured concentration of

uranium in this solution equaled 114 mg/L total uranium.

i

2.2 LABORATORY PROTOCOL

The guidelines and recommendations listed in Homing and

Weber (1985) and Peltier and Weber (1985) were followed

handling organisms, cleaning test equipment, and conducting a
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toxicity tests. Laboratory procedures are listed in detail, and

deviations from methodology given in Horning and Weber (1985) or

Peltier and Weber (1985) are noted. The waterflea_ Ceriodaphnia

dubia, served as the test organism.

2.2.1 _ulture Methods

CeriodaDhn_i_ dubia used in NAI-SE toxicity tests were

originally obtained from cultures maintained by the US EPA
!

Environmental Research Laboratory in Duluth, MN. These animals are

now cultured by the NAI-SE aquatic toxicology laboratory in water

collected from Upper Three Runs Creek (Aiken County, SC). Water is

collected at the Road 2-i bridge on the SRP and is filtered

through a plankton net prior to use. Typical water quality values

for this creek are listed in Table l-l.

All-glass (1.5 L) culture dishes serve as culture chambers

for a ,,brood" stock. The dishes are thoroughly cleaned prior to

use and are covered while in use to prevent the entry of dust and

other contaminants. Cultures are kept in an incubator (Lab-Line

Instruments, Inc., Melrose Park, IL), and temperatures are main-

tained at 25 ± 2°C. Water temperature is monitored continuously.

Wide-spectrum fluorescent bulbs (Color Rendering Index _ 90) are

used to provide a 16L:8D photoperiod. Light intensity measured at



the surface of the culture dishes does not exceed 800 lux.

Brood-stock C. dubia (30 organisms/culture dish) are fed

every other day on a diet consisting of a mixture of algae.

(Selenastrum capricornutum), and YCT (yeast, cerophyll, fermented

trout chow). Approximately 1 x 108 cells/mL of algae and 7 mL of

YCT were added to each culture dish. A modified version of

Bold's Basic Media (Appendix i) is used to maintain uni-algal

cultures of S. capricornutum.

All culture dishes are examined at least three times per
e

week, and quality assurance records are maintained for each dish.

Records include date the culture was started, source of culture

material, reproductive progress, presence of ephippia, and

information on the condition of the culture deemed pertinent by the

observer. The animals in these dishes serve as the source of

neonate (_ 24 h old) daphnids used in both acute and chronic

toxicity tests. The first broods are discarded; only neonate

daphnids obtained from broods other than a first brood are used

in the toxicity tests._._

! 2.2.2 Test Procedures

2.2.2.1 Collection of Water

Water from Upper Three Runs Creek served as the control al
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diluent for both the acute and chronic toxicity tests conducted on

UO2(NO3)2"6H20, HUO2PO4"4H20 , and UO 2. Water for all toxicity

tests was collected from the Road 2-1 bridge located on SRP. Water

was collected the day each test was initiated and was used within

72 h of collection. New samples of water were collected once every

72 h. Water was not filtered prior to use in the acute toxicity

tests, but was filtered through a plankton net for use in the

chronic tests. Filtration will remove potential predators from the

diluent and is recommended by Horning and Weber (1985).

t

2.2.2.2 Ceriodaphn_a dubna Acute Static Renewal TOxicity

Tests

several range-finding tests were performed to determine the

concentrations of UO2(NO3)2"6H20 , HUO2PO 4 4H20 , and UO 2 to be used

in subsequent definitive tests. Each range-finding test

consisted of a control group and groups of at least five neonate

daphnids, each of which was exposed approximately 48 h to one of

at least four test concentrations. Based on the results of

these raDge-finding tests, definitive tests of 48 h duration

were initiated te establish the LCS0 of each of the three uranium

compounds.

All test solutions for the three definitive acute static

renewal toxicity tests were prepared daily. Test solutions were

prepared by diluting the previously described chemical stock
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solutions. Aliquants of chemical stock solutions were transferred

to 500-mL volumetric flasks with calibrated volumetric pipettes or

pipetters. The contents o5 the flasks were then adjusted to 500

mL with Upper Three Runs Creek water. Separate volumetric flasks

were used to prepare tests solution of each uranium compound.

Test solutions were prepared from the lowest to the highest

nominal concentration of total uranium using the same volumetric

flask. The volumetric flasks were then cleaned (as described in

Section 2.3) each day before use. Test concentrations used in

each definitive acute toxicity test were based on information

supplied by range-finding tests. Every attempt was made to
t

prepare a typical geometric dilution series; however, the

availability of pipettes capable of delivering the required

volumes of stock solution restricted the choice of uranium_

concentrations used in each test. Because of this restriction,

test concentrations spanned the necessary concentration range but

deviated somewhat from a "typical" dilution series.

CA. dubia were exposed to the following dilution series for

each of the three compounds:

Uranyl Nitrate: 0 (control), 0.051, 0.127, 0.190, 0.254, 0.381 mg/L

total uranium (nominal values).

Hydrogen Uranyl Phosphate: 0 (control), 0.04, 0.06, 0.08, 0.I0,

0.12 mg/L total uranium (nominal values).
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Uranium Dioxide: 0 (control), 0.01, 0.04, 0.07, 0.i0, 0.13 mg/L

total uranium (nominal values).

Test conditions are summarized in Table 2-i. Borosilicate

beakers (250-mL) served as test chambers for the acute static

renewal toxicity tests. Two beakers were used per test

concentration, with i0 individuals per beaker. A large-bore,

fire-polished, glass pipette was used to randomly transfer i0

neonate (_ 24 h old) daphnids to each test chamber. When I0

individuals had been isolated, excess water was removed and i00

t

mL of test solution was slowly and gently poured into the beaker.

Following the addition of solution, the daphnids were observed to

verify they had not been damaged during transfer.

The test temperature for the C. dubia acute static renewal

toxicity tests was 25 ± 2°C. The tests were conducted in a

temperature-controlled, Fisher model 307 incubator. Test

organisms were exposed to a 16L:8D photoperiod. Specific

conductance, dissolved oxygen concentration, CaCO 3 hardness,

total alkalinity_ and pH of the control and highest test

concentrations were recorded at the beginning of each test

and at 24 h intervals. The dissolved oxygen concentration, pH,

temperature, and conductivity of intermediate test concentrations

were measured and recorded at test _ initiation and at 24 h. Total

alkalinity was determined by potentiometric titration (APHA

1985), while the CDTA (cyclohexanediaminetetraacetic acid)
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Table 2-i. SUMMARY OF TEST CONDITIONS: Ceriodaphnia dubia a
48 h static renewal acute toxicity test

i. Test Temperature 25 ± 2° C .

2. Light quality Ambient illumi-
nation

3. Light intensity ambient

laboratory levels

4. Photoperiod 16L:SD

5. Test vessel

size/type 250-mL borosilicate
glass beakers

6. Number of organisms i0
per vessel

7. Number of replicates 2 per concentration
t

8. Age of organisms _ 24 h

9. Total number of organisms 20
per concentration

I0. Aeration None, unless DO
is & 40% satura-
tion

iI. Diluent Upper Three Runs Creek
water

12. Test Duration 48 h

13. Effect Measured Mortality (LC50 ± 95%
confidence limits)

14. ChemiCal Parameters DO, °C, pH,
Measured on diluent and conductivity, hardness
highest test concentration alkalinity, (daily on

new and old solutions)

15. Chemical Parameters DO, °C, pH, conductivity
Measured on intermediate (daily on new and old
test concentrations solutions)

aAdapted from Peltier and Weber 1985.
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titrimetric method (APHA 1985) was used to measure CaCO 3 hardness.

Dissolved-oxygen concentrations were measured with a YSI Model 58

DO meter (Yellow Springs Instrument Co., Yellow Springs, OH), and

a YSI Model 33 conductivity meter was used to measure the con-

ductivity of each test solution. The pH values were de£ermined

with an Orion 399A pH meter.

Death or immobilization of the C. dubia were used as the

indicators of acute toxicity. The criterion used to establish

lethality was cessation of all visible signs of mobility (e.g.,

no movement of second antennae, thoracic legs, or postabdomen).
e

Immobilization was defined as the inability of the animals to move

in the water column (ASTM 1984).

2.2.2.3 ceriodaphDia dubia ch_0D_c Toxicity Tests

Organisms used in these tests were _ 24 h old, and all

organisms used in a given test were born within 4 h of one

another. All test solutions for the three chronic toxicity tests

were prepared daily. Test solutions of uranyl nitrate and

hydrogen uranyl phosphate were prepared in 500-mL volumetric

flasks by diluting each chemical stock solution. Uranium dioxide

test solutions were prepared in a 1000-mL volumetric flask by

diluting a secondary stock solution. The secondary stock was

prepared from the original stock solution and used throughout the

chronic toxicity test. To prepare chronic test solutions,

aliquants of chemical stock solutions were transferred to
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volumetric flasks with calibrated pipettes or pipetters. Eac

flask was brought to volume with Upper Three Runs Creek water. A

separate volumetric flask was used to prepare test solutions for

each uranium compound throughout each test. Test solutions were

prepared from the lowest to the highest nominal concentration of

total uranium and the volumetric flasks cleaned each day between

use.

Test conditions a£_ summarized in Table 2-2. Testing was

performed in 20-mL glass scintillation vials containing 15 mL of

test solution. All test vials were placed in an incubator
t

maintained at 25 ± l°C. Temperature was monitored continuously.

Test organisms were exposed to a 16L:8D photoperiod. Twenty

individuals were exposed to each test concentration and to

control. The following dilutions were used in the seven-day

static renewal life cycle tests conducted on e _ of the three

uranium compounds:

Uranyl Nitrate: 0 (Control), 0.002, 0.008, 0°023, 0.046, 0.076 mg/L

total uranium (nominal)_ .

Hydrogen Uranyl Phosphate: 0 (Control), 0.006, 0.02, 0.06, 0.12,

0.20 mg/L total uranium (nominal)

Uranium Dioxide: 0 (Control), 0.0015, 0.005, 0.GIS, 0.03, 0.05 mg/L

total uranium (nominal)
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Table 2-2 SUMMARY OF TEST CONDITIONS: C_riodaDhnia dubia a
7 d chronic static renewal toxicity test

1. Test Temperature 25 ± 1° C

Ambient illumi-2. Light quality
nation

3. Light intensity ambient
laboratory levels

4. Photoperiod 16L:SD

5. Test vessel
size/type 20-mL borosilicate

glass scintillation vials

6. Number of organisms 1
per vessel

7. Number of replicates 20 per concentration
f

8. Age of organisms . _ 24 h

9. Total number of organ- 20
isms per concentration

i0. Aeration None, unless DO
is < 40% satura-
tion

l!. Diluent Upper Three Runs Creek
water

12. Test Duration 7 d

13. Effect Measured Mortality, reduced
young production
(NOEC and LOEC)

°C alkalinity,14. Chemical Parameters DO, ,
Measured on diluent and hardness, pH, conduct-

highest test concentration ivity (daily on new
solutions)

°C pM conductivity15. Chemical Parameters DO, , ,
Measured on intermediate (daily on old and new
test concentrations solutions)

aAdapted from Homing and Weber 1985.
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Large-bore, fire-polished, disposable glass pipettes we

used to transfer organisms. Test organisms were moved to fresh

test solution every 24 h, and all young produced during a test

were preserved with Lugol's solution (APHA 1985) for later

enumeration. Following transfer, the organisms were observed

to verify they had not been damaged.

Specific conductance, dissolved-oxygen concentration (DO),

CaCO 3 hardness, total alkalinity, and pH were recorded for the

new and old control solutions as well as the highest

concentrations of test solutions. Only conductivity, DO, pH, and
e

temperature of old, new and intermediate concentrations of test

solutions were measured. The same methods used to monitor water

quality parameters during the acute static renewal toxicity

were also used during all _. dubia life cycle tests.

_. dubia were fed during each test by adding an aliquot of

algal suspension/YCT mixture (0.033 mL/mL) to each vial. YCT was

added to increase the protein content of the diet. The other

nutritional requirements of these organisms (e.g., vitamins,

dietary lipids, minerals) were provided by the algal portion of

the diet.

Death or immobilization of the organisms was used as an in-

dicator of acute toxicity (Peltier and Weber 1985). The

criterion used to establish lethality was cessation of all visible

signs of mobility (e.g., no movement of second antennae
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thoracic legs, or postabdomen). Immobilization was defined as the

inability of the animals to move in the water column (ASTM

1984). On Day 7, adult survival was determined, and a count was

made of the total number of young produced per test organism.

During any seven day period, C. d_bia individuals typically

produce three broods of offspring. A test was deemed acceptable

if control mortality was < 20% (Homing and Weber 1985) and if the

average number of young produced per control individual was > 15.

(SC DHEC 1988). Chronic toxicity was determined to have occurred

if statistical analyses determined that significant differences

existed between the control and test organisms.
0

2 .3 GLASSWARE PREPARATION

All glassware was cleaned before and after use. It was

soaked for 24 h in a 5% Contrad solution, rinsed with tap water,

allowed to air-dry, and rinsed with pesticide-free acetone.

The glassware was again air-dried and then soaked for 24 h in 2%

HNO 3. Deionized water was used in the final rinses (5 times with

deionized water) _f the glassware. All borosilicate beakers used

in the toxicity tests were maintained separately from other

laboratory glassware and were used only for toxicity tests. Just

prior to use, these beakers were rinsed with dilution water.
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2.4 DATA ANALYSIS

The 48 h LC50 values were determined by using either binomial

probability (Stephan et al. 1978) or the Trimmed Spearman-Karber

PrOcedure (Hamilton et al. 1977t 1978). Chronic toxicity test

data were analyzed using Fisher's Exact test, the Chi-Square test,

Bartlett's test, one-way analysis of variance (ANOVA), and

Dunnett's Multiple Comparison test (Sokal and Rohlf 1981, Zar

1984).

2.5 QUALITY ASSURANCE

Quality assurance procedures commonly followed in the NAI-SE

Aquatic Toxicology Division include the following:

1. Instruments are routinely calibrated and standardized
according to manufacturers' instructions. Control charts
are maintained for all measured parameters.

2. Wet chemistry methods used in determining hardness and
alkalinity are standardized according to US EPA
methods.

3. Records are maintained of the age, productivity, quality
of food, and feeding regime of all organisms maintained
by NAI-SE.

4. Reference toxicity tests are performed on a routine basis
(at least monthly) to determine the acceptability and
sensitivity of test organisms. Reference toxicant
control charts are maintained for all test organisms
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cultured by NAI-SE. Results of reference tests indicated

that the animals used in these tests responded in an

appropriate manner.

5. In order to measure the precision with which the
technician prepared these test solutions, a surrogate

metal was used to prepare solutions in a manner identical
to that used during the toxicity tests. Manganese was

chosen as a surrogate metal for uranium because of its

low analytical cost and because it is routinely used as a
standard to check the ICP instrument. A HACH manganese

standard (i000 mg/L) was diluted with deionized water
using volumetric glassware and calibrated pipets. A

subsample of each prepared manganese solution was

analysed to determine the concentration of total

manganese. Results of the manganese analyses are
summarized in Table 2-3. These results demonstrated that

the technician responsible for preparing the solutions

used in all toxicity tests conducted on the three uranium

compounds prepared the manganese solutions such that the

percent recovery of manganese ranged from 91.8 to 97.4%. ,
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Table 2-3. Chemical analysis of manganese test dilutions.

Nominal concentrations of manganese reflect the same dilution

factor as that used in chronic toxicity tests conducted on uranyl
nitrate, hydrogen uranyl phosphate, uranium dioxide.

Nominal Measured

(mqMn/L) (mgMn/L) % Recovery

Test #1 1.58 1.56 98.7
5.26 5.18 98.5

15.79 15.7 99.4

31.58 29.9 94.7

52.63 50.1 95.2

X + sd = 97.3 + 2.2

Test #2 0.015 0.013 86o7
0.05 0.044 88.0 .

0.15 0. 140 93.3

0.3 0.278 95.7
0.5 0.476 95.2

x + sd = 91.8 + 4.2

Test #3 0.05 0.046 92.0
0.18 0.169 93.9

0.53 0.503 94.9

1.06 1.01 95.3

1.76 1.69 96.0

X ± sd = 94.4 ± 1.6
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3.0 RESULTS

3.1 URANIUM ANALYSES

3.1.1 Acute Toxicity Test Solutions

The concentration of total uranium concentrations in

each of the three stock solutions was measured before the

acute toxicity tests were initiated. Total uranium

concentrations of the stock solutions were determined by

using inductively coupled plasma-atomic emmission

spectrophotometry (EPA 200.7, EPA 1983; detection limit = 0.i ,

rag/L)..

The stock solutions were used to prepare each test

solution. The test solutions were prepared daily (See

Section 2.2.2.2). The concentration of total uranium in the

highest and the intermediate dilution for each uranium

compound was analytically verified. Concentrations of total

uranium measured in the test solutions used in the static

renewal acute toxicity tests are summarized in Table 3.1.

Two methods were employed to analyse these samples; ICP (EPA

200.7, EPA 1983 detection limit = 0.1 mg/L) or fluorometric

technique (SM 711B, APHA 1985; detection limit = 0.02 mg/L).

The method selected for each analysis was based on the

detection limit.
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For purposes of clarity, all concentrations of uranium in

the text are expressed in terms of the nominal concentrations

of total uranium. Toxicity endpoints (e. g. LC50 values and

NOECs) are converted to measured concentrations of total

uranium in Section 4.0 of this text.

3.1.2 Chronic Toxicity Test solutions

With the exception of hydrogen uranyl phosphate,

the concentration of total uranium in stock solutions was not .

determined again prior to performing the chronic toxicity

tests. A new stock of hydrogen uranyl phosphate had to be

prepared to conduct the chronic toxicity test. The

concentration of total uranium in this new stock solution was

determined by the same method previously noted. (See

Table 3.2)

Test concentrations were prepared daily using the stock

solutions to prepare the appropriate test solutions (See

Section 2.2.2.3). Total uranium concentrations were

measured daily in the highest test solution used in each of

the three chronic tests. Results of uranium analyses for the

three static renewal chronic toxicity tests are summarized in

Table 3.2. The total uranium concentrations of these

solutions was determined by the fluorometric technique (SM

711B, APHA 1985).

3-3



3-4



For purposes of clarity, all concentrations of uranium in

the text are expressed in terms of the nominal concentrations

of total uranium. Toxicity endpoints (e. g. LC50 values and

NOECs) are converted to measured concentrations of total

uranium in Section 4.0 of this text.

3.2 48 H ACUTE TOXICITY TESTS (CERIODAPHNIA DUBIA) ,

3.2.1 Uranyl Nitrate_

A 48 h acute static toxicity test was conducted to

determine the LC50 of UO2(NO3) 2 to C. _. The results of

initial and final basic water chemistry analyses performed on

all solutions used in this acute test are listed in Table 1

in Appendix 2.

Significant mortality (_ 95% mortality) was observed at

the four highest test concentrations 24 h following test

initiation (Table 3-3). At 48 h, partial mortality was

observed at the lowest concentrations tested; complete

mortality was observed at all other test concentrations

(Table 3-3). These test results were used to estimate a 48 h

LC50 of 0.07 mg/L total uranium (95% confidence intervals =

0.05 to 0.127 mg/L total uranium; Table 3-3).
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3.2.2 _Tydroqen Uranyl Phosphat_e

The acute toxicity of HUO2PO4"4H2 O to C. dubia was also

determined. The results of initial and final basic water

chemistry analyses performed on all solutions used in this

acute test are listed in Table 2 in Appendix 2.

No test organism mortality was observed in any c,f the

test concentrations of hydrogen uranyl phosphate after 24 h

of exposure (Table 3-4). Partial mortality was observed at ,

all test concentrations 48 h following test initiation and a

48 h LC50 of 0.Ii mg/L total uranium was calculated from

these data (95% confidence limits = 0.i0 to 0.12 mg/L total

uranium; Table 3-4).

3.2.3 Uranium Dioxide

The _oxicity of UO 2 to C. _ was determined in a 48 h

acute static toxicity test. The results of initial and final

basic water chemistry analyses performed on all solutions

used in this acute test are listed in Table 3 in Appendix 2.

Exposure to test concentrations _ 0.i0 mg total uranium

resulted in complete mortality to test organisms 48 h

following test initiation (Table 3-5). The results of this
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test were used to estimate a 48 h LC50 of 0.050 mg/L total

uranium* (95% confidence intervals = 0.04 - 0.06 mg/L total

uranium; Table 3-5).

3.3 CHRONIC SEVEN-DAY STATIC RENEWAL LIFE CYCLE TESTS

(CERIODAPHNIA DUBIA)

The purpose of the chronic toxicity tests was to

determine concentrations of UO2(NO3) 2 6H20, HUO2PO 4 4H20, and

UO 2 that would adversely affect the test organisms,
t

either by reducing adult C. dubia survival or by

reducing their reproductive capacity•

3.3.1 Uranyl Nitrate

The results of initial and final basic water chemistry

analyses performed on all solutions of UO2(N03) 2 6H20 used in

this chronic test are listed in Appendix 3 (Tables 1 and 2).

The concentration of total uranium in the highest test
_-_

solution of uranyl nitrate used i_ the seven-day chronic was

measured daily. These v_lues are listed in Table 3-2.

By the end of the test, mortality was relatively high

among the original females C. dubia exposed to 0.002 mg/L

total uranium (35 % mortality; Table 3-6). Few deaths were

observed among organisms exposed to the other test
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concentrations (Table ' 3-6}. Although it is not known why

mortality was so high among C. dubia exposed to 0.002 mg/L

total uranium, it is believed that this response was

unrelated to exposure to the uranium. The mean number of

broods ranged in size from 1.4 to 2.3 per individual (Table 3

- 6). Mean reproduction (number of young per female) among

control individuals was higher (15.5 young) than mean

reproduction of individuals exposed to all test

concentrations of uranyl nitrate (Table 3-6). These data

suggested that exposure to increasing concentrations of

total uranium adversely affected _. dubia reproduction.
t

The adult survival data were analyzed using Fisher's

Exact test (Sokal and Rohlf 1981) to determine if the

proportion of "successes" (i.e., percent survival) in the

control group was the same as that in each test concen-

tration. If statistically significant differences were

detected in the percent survival of adults between the

cQntrol and any test group, then such groups represented two

different populations and could not be compared in further_._

statistical analy_es. The results of this test (Table 3-7)

indicated that the percent survival among C. dubna exposed to

0.002 mg/ L total uranium differed significantly from the

control. Based on these results, the survival NOEC equals

< 0.002 mg/L total uranium and the LOEC = 0.002 mg/L.

However, as discussed above, these results are believed to be

anomalous and unrelated to the effects of exposure to the
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Table 3-7. "Fisher's Exact" Test Procedure for Adult Survival

Rate for Uranyl Nitrate

Results of Fisher's Exact test conducted on the percent survival

of Ceriodaphnia dubia exposed to a control and five concen-

trations of uranyl nitrate. Water from Upper Three Runs Creek
served as the control and diluent. All concentrations are expressed
as nominal concentrations of total uranium. 9 to 16 December 1988.

H : The proportion of C. dubia survival in the control group is
o the same as that of G. dubia exposed to each of five concen-

trations of uranyl nitrate.

Ha: The proportion of _. dubia survival in the control group is
not equal to that of C. dubia exposed to each of five concen-

trations of uranyl nitrate.

Critical b S igni ficantly

Comparison value value D_f_erent

control vs. 0.002 14 15 Y

control vs. 0.008 14 18 N

Control vs. 0.023 14 19 N

Control vs. 0. 046 14 19 N

Control vs. 0. 076 14 18 N
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test solution. Based on this observation, the results of

exposure to 0.002 mgZL were not considered in further

analyses of these testresults.

Additional statistical analyses were conducted to

determine if exposure to concentrations Z 0.008 mg/L total

uranium had a _:nificant effect on _. dubia offspring

production. Test: _re conducted to determine if the number

of young produce_ _ C. dub__ exposed to the control and to

the test concentxa_ions of Z 0.008 mg/L total uranium were

normally distributed and if the variances for this data
t

set were homogeneous (equal). These conditions must exist

to correctly perform parametric tests such as analysis of

variance (ANOVA) and Dunnett's multiple comparison test.

The results of the Chi-Square Goodness of Fit and Bartlett's

Test (Table 3-8) demonstrated that data were normally

distributed and that the variances were homogenous.

Therefore, parametric tests were used to perform all further

analyses.

A one-way analysis of variance (ANOVA) was conducted to

determine if significant differences existed in the offspring

produced by _. dubia exposed to the control and the test

concentrations Z 0.008 mg/L total uranium. Results of this

test (Table 3-9 A) indicated that reproduction among the

various treatment groups differed significantly. A multiple

comparison test (Dunnett's multiple comparison test) was
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Table 3-8. Chi-Square Statistical Analysis - Uranyl Nitrate

Results of a Chi-Square Goodness of Fit test and Bartlett's test

conducted on the number of young produced by Ceriodaphnia

dubia exposed to uranyl nitrate. Water from Upper Three Runs
Creek served as the control and diluent. All concentrations are

expressed as nominal concentrations of total uranium.
9 to 16 December, 1988.

Chi-Square Goodness of Fit test:

calculated X2 = 9.16

X2 critical value (0.01, 4) = 13. 277:

The dataare normally distributed.

m--m

Bartlett's test:
t

calculated B = 2.36

X2 critical value 0.05 [4,19] = 9.49

The variances are homogeneous.

L
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Table 3-9. Analysis of Variance and Dunnett's Multiple

Comparison Test - Uranyl Nitrate

Results of a one-way analysis of variance (Table A) and one-

tailed Dunnett's comparison test (Table B) for the number of

young produced by Ceriodaphnia dubia exposed to uranyl
nitrate. Water from Upper Three Runs Creek was used as the
control and diluent. A test to determine the minimum

significant difference detectable among these data was conducted

(Table C). All concentrations are expressed as nominal
concentrations of total uranium. 9 to 16 December, 1988.

Table A. One way analysis of variance (ANOVA)

Ho: VI = V2 = V3 = V4

Ha: The mean numbers of young produced by C. dubia exposed to
both the control and four concentrations of uranyl

nitrate are not equal.

Source d.f. S.S. MS F Critical F

concentration 4 1213.36 303_34 10.79 2.53

error 95 2671.00 28.12

total 99 3884.36

Table B. Dunnett's multiple comparison test

Ho: pc = pa

Ha: Vc _ va

Comparison (Xc - Xa) SE lq'l P q'0.05(i),I19, p

control vs. 0.008 3.85 1.68 2.29 2 1.66
control vs. 0.023 2.70 1.68 1.61 3 1.93 ,

control vs. 0.046 6.60 1.68 3.93 4 2.08
control vs. 0.076 10.20 1.68 6.07 5 2.18

NOEC - <0.008 mg/L total ura ;m

_OEC - 0.008 mg/L total ura_ __m
Number of offspring were significantly different (at 95%

probability) from control.
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performed to identify those treatment groups whose offspring

production differed significantly from that of the control.

This test (Table 3-9 B) indicated that exposure of C. dubia

to concentrations equal to 0.008 mg/L total uranium and

0.09 mg/L total uranium resulted in a significant reduction

in production of young when compared to the control.

According to this statistical procedure, only exposure to

0.023 mg/L total uranium failed to significantly reduce C.

dubia reproduction (Table 3-9 B).

A review of this data indicated that the response by

the test organisms deviated from the concentration-response

pattern typically associated with chronic toxicity tests. It

is not possible to determine if the reduced reproduction

observed at the 0.008 mg/L test concentration is truly the

result of exposure to uranyl nitrate or an aberrant response.

Based on strict interpretation of the statistical results,

the NOEC for uranyl nitrate equals a concentration < 0.008

mg/L total uranium while the LOEC = 0.008 mg/L (Table 3-

9 B). I_ the response observed at 0.008 mg/L is atypical,

then the NOEC would equal 0.023 mg/L and 0.046 mg/L total

uranium would equal the LOEC. These conjectures cannot be

supported without additional data. It is therefore

recommended that the most conservative determination of NOEC

and LOEC (<0.008 and 0.008 mg/L, respectively) be reported

for this compound.
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A minimum significant difference test ' (MSD test; Horning

and Weber 1985) was conducted to determine how great a

difference had to exist in themean number of young produced

by two groups before a significant difference could be

detected. The results of this test (Table 3-9 C) indicated

that a 24.3% reduction in the mean number of offspring from

the control production (i.e., mean offspring production of

11.54 or less) could be detected•

3.3.2 Hydrogen Urany_ Phosphate

t

The daily concentrations of total uranium measured in the

next to the highest test solution of hydrogen uranyl

phosphate (0•120 mg/L) used in the seven-day chronic test are

listed in Table 3-2• The results of all initial and final

basic water chemistry analyses performed _ all HUO2PO 4 4H20

solutions are listed in Ap_ adix 3 (Table_ and 4).

Some mortality was observed among _. ub_ exposed to all

test concentrations of HUO2PO 4 4H20 used in the chronic test

(Table 3-10). Both brood and young production were reduced

among test organisms as compared to the control individuals

(Table 3-10). These data suggested that exposure to all of

the concentrations of total uranium in the form of

HUO2PO 4 4H20 adversely affected _. dubia.
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Table 3-9. Analysis of Variance and Dunnett's Multiple

Comparison Test - Uranyl Nitrate (continued)

,, ,

Table C. The minimum significant difference (MSD)
detectable among these data

MSD = 3.71

Control mean = 15.25 young; 15.25 - 3.71 = 11.54

For this data set, a 24.3% (3.71 young) reduction in C. dubia produc-

tion of young could be detected. That is, mean offspring production

11.54 would be significantly different from offspring production of

the control group.
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Fisher's Exact test was used to analyse adult survival

data. The results of this test (Table 3-11) indicated no

significant difference existed in the percent survival among

C. _ exposed to any of the solutions used in this chronic

test. Offspring production by individuals exposed to all test

concentrations of HUO2PO4"4H20 was included in all other

analyses performed on this data.

The results of the Chi-Square Goodness of Fit and

Bartlett's Test (Table 3-12) indicated that data were
i

normally distributed and that the variances were homogeneous.

Parametric procedures were used to perform all other

analyses.

A one-way analysis of variance (ANOVA) was conducted to

determine if significant differences existed in the offspring

produced by C. dubia exposed to test concentrations of

hydrogen uranyl phosphate. Results of this test (Table 3-13

A) indicated that reproduction among the various treatment

groups differed significantly. Dunnett's multiple comparison

test (Table 3-13 B) indicated that exposure of _. dubia to

all test concentrations _ to 0.006 mg/L total uranium

resulted in a significant reduction in production of young

when comparer_ to the control. This seven-day life cycle test

determined that the NOEC for HUO2PO4"4H20 expressed as

total uranium equals some value < 0.006 mg/L and the LOEC
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Table 3-11. "Fisher's Exact" Test Procedure for Adult Survival

Rat_ for Hydrogen Uranyl Nitrate

Results of Fisher's Exact test conducted on the percent

survival of Ceriodaphnia dubia exposed to a control and five

concentrations of hydrogen uranyl phosphate. Water from Upper
Three Runs Creek served as the control and diluent. All

concentrations are expressed as nominal concentrations of total

uranium. 13 to 20 December, 1988.

H : The proportion of _. dubia survival in the control group is

o the same as that of C. dubia exposed to each of five concen-

trations af hydrogen uranyl phosphate.

H : The proportion of _. dubia survival in the control group is
a not equal to that of C. dubia exposed to each of five concen-

trations of hydrogen uranyl phosphate.
#

Critical b Significantly

Com a 'so va uelg_@___ value 'f ent ?

Control vs. 0.006 12 16 N

Control vs. 0.02 12 14 N

Control vs. 0.06 12 16 N

Control vs. O. 12 12 17 N

Control vs. 0.2 12 17 N

3-22

=



Table 3-12. Chi-Square Goodness of Fit and Bartlett's Test -

Hydrogen Uranyl Phosphate

Results of a Chi-Square Goodness of Fit test and a Bartlett's

test conducted on the number of young produced by Ceriodaphnia

dubia exposed to hydrogen uranyl phosphate. Water from Upper
Three Runs Creek served as the control and diluent. All

concentrations are expressed as nominal concentrations of total
uranium. 13 to 20 December, 1988.

Chi-Square Goodness of Fit test:

calculated _ = 0.20

critical value (0.01,4) = 13.277

The data are normally distributed.

t

Bartlett's test:

calculated B = 4.53

2
X critical value 0.05 [5,19] = 11.07

The variances are homogeneous.

v
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Table 3-13. Analysis of Variance and Dunnett's Comparison Test -

Hydrogen Uranyl Phosphate

Results of a one-way analysis of variance (Table A) and one-

tailed Dunnett's comparison test (Table B) for the number of

young produced by Ceriodaphnia dubia exposed to hydrogen
uranyl phosphate. Water from Upper Three Runs Creek was used
as the control and diluent. A test to determine the minimum

significant difference detectable among these data was conducted
(Table C). All concentrations are expressed as nominal

concentrations of total uranium. 13 to 20 December, 1988.

Table A. One-way analysis of variance (ANOVA)

Ho: VI = V2 = V3 = V4 = V5

Ha: The mean numbers of young produced by C. dubia exposed

to both the control and five concentrations of hydrogen
uranyl phosphate are not equal.

Source d.f. S,s. MS F Critical F

concentration 5 705.50 141.10 3.82 2.37

error 114 4213.30 36.96

total 119 4918.80

Table B. One-Tailed Dunnett' s Comparison Test

Ho: Vc = va

Ha: Vc _ va

Comparison (Xc - Xa) SE Iq' I P q'
-- 0.05(1), 119 p

control vs. 0.006 5.95 1.92 3.10 2 1.66,
control vs. 0.02 6.30 1.92 3.28 3 1.93

control vs. 0.06 6.80 1.92 3.54 4 2.08,

control vs. 0.12 5.60 1.92 2.92 5 2.18,
control vs. 0.2 7.15 1.92 3.72 6 2.26

NOEC = < 0.006 mg/L total uranium

LOEC = 0.006 mg/L
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equals 0.006 mg/L (Table 3-13 B). The MSD test determined

that a 28.5% reduction in the mean number of offspring from

the control production (i.e. mean offspring production of <

Ii.01) could be detected (Table 3-13C).

3.3.3. Uranium Dioxide

The results of all initial and final basic water chem-

istry analyses performed on all solutions of UO 2 used in this

chronic toxicity test are listed in Appendix 3 (Tables 5 and

6). The daily concentrations of total uranium measured in

each of the test solutions used in the test are listed in

Table 3-2.

The percent survival was high among C. dubia exposed to

all test concentrations of UO 2 (_ 85%; Table 3-14). The mean

number of young and broods produced by organisms exposed to

concentrations of total uranium < 0,050 mg/L were similar.

Howevert exposure to 0.050 mg/L total uranium resulted in a

reduction in both, brood size and offspring production per

test organism as compared to production by the control and

organisms exposed to the other test concentration (Table 3-

14). These data indicate that exposure to increasing

concentrations of uranium as UO 2 reduced C. dubia reproduc-

tive success.
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Table 3-13. Analysis of Variance and Dunnett's Comparison
Test - Hydrogen Uranyl Phosphate (continued)

Table C. The minimum significant difference (MSD)
detectable among these data

MSD = 4.39

Control mean = 15.4 young; 15.4 - 4.39 = ii.01

For this data set, a 28.5% (4.39 young) reduction in _. dub[a produc-
tion of young could be detected. That is, mean offspring pzc._uction

11.01 would be significantly different from offspring produztion of
the control group.
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The results of Fisher's Exact test (Table 3-15)

indicated no significant difference existed in the percent

survival among _. dubia exposed to any of the concentrations

used in this chronic test. Offspring production by

individuals exposed to all concentrations of UO 2 were

included in further statistical tests.

The results of the Chi-Square Goodness of Fit test and

Bartlett's test indicated that data were normally

distributed and that the variances were homogeneous (Table 3-

16). All further analyses were performed using parametric
t

methods.

The results of the one-way ANOVA indicated that

reproduction among the various treatment groups differed

significantly (Table 3-17 A). Dunnett's multiple comparison

test determined that exposure of C. dubia to concentrations

equal to 0.050 mg/L total uranium resulted in a significant

reduction in production of young when compared to the

control. Based on these observations, it was concluded that

the NOEC for total uranium in the form of uranium dioxide

equals 0.030 mg/L and the LOEC equals 0.050 mg/L (Table 3-17

B).

The results of the MSD test performed on this set of data

(Table 3-17 C) determined that a 26.1% reduction in the mean

number of offspring from the control production (i.e. mean
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offspring production of _ 11.43) could be detected.
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Table 3-15. ,,Fisher's Exact" Test Procedure for Adult
Survival Rate for Uranium Dioxide

Results of Fisher's Exact test conducted on the percent

survival of CeriodaDhnia dubia exposed to a control and five

concentrations of uranium dioxide. Water from Upper Three Runs
Creek served as the control and diluent. All concentrations are

expressed as nominal concentrations of total uranium. 9 to 16
December, 1988.

Ho: The proportion of _. dubia survival in the control group is
the same as that of _. dubia exposed to each of five concen-

trations of uranium dioxide.

Ha: The proportion of _. dubia survival ir the control group is
not equal to that of _. dubia exposed to _ach of five concen-
trations of uranium dioxide.

t

Critical b Significantly

valu__9_e va_l_U__ _ ?

Control vs. 0.0015 14 17 N

Control vs. 0.005 14 19 N

Control vs. 0.015 14 19 N

Control vs. 0.030 14 19 N

Control vs. 0. 050 14 17 N

_-_

All concentrations are expressed as nominal concentrations of

total uranium. 13 to 20 December, 1988.
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Table 3-16. Chi-Square Goodness of Fit and BartlettOs Test -
Uranium Dioxide

Results of a Chi-Square Goodness of Fit test and Bartlett's

test conducted on the number of young produced by

Ceriodaphnia dubia exposed to uranium dioxide. Water from Upper
T--hree Runs Creek served as the control and diluent. All

concentrations are expressed as nominal concentrations of total

uranium. 9 to 16 December, 1988.

Chi-Square Goodness of Fit test:

calculated X2 = 2.24

X2 critical value (0.01,4) = 13.277

The data are normally distributed.
t

Bartlett's test:

calculated B = 3.16

X2 critical value 0.05 [5,19] = 11.07

The variances are homogeneous.
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Table 3-17. Analysis of Variance and Dunnett's Comparison Test -
Uranium Dioxide

Results of a o_le-way analysis of variance (Table A) and one-
tailed Dunnett's comparison test (Table B) for the number of
young produced by Ce_iodaphnia dubia exposed to uranium
dioxide. Water from Upper Three Runs Creek was used as the
control and diluent. A test to determine the minimum

significant difference detectable among these data was conducted
(Table C). All concentrations are expressed as nominal
concentrations of total uranium. 9 to 16 December, 1988.

Table A. One-way analysis of variance (ANOVA)

Ho: pl = p2 = p3 = p4 = p5

Ha: The mean numbers of young produced by _. dubia exposed
to both the control and five concentrations of uranium
dioxide.

Source d.f. $.$, MS F Critical _ .

concentration 5 608.60 121.72 4.03 2.37
error 114 3444.70 30.22
total 119 4053.30

Table B. One-Tailed Dunnett's Comparison Test

Ho: pc = pa

Ha: pc _ pa

Comparison (Xc - Xa} SE ]q'] P q'0.05(I)119, p

control vs. 0.0015 3.95 1.74 2.27 2 1.66,
control vs. 0.005 3.50 1.74 2.01 3 1.93
control vs. 0.015 1.60 1.74 0.92 4 2.08

control vs. 0.030 3.75 1.74 2.16 5 2.18,
control vs. 0.050 7.30 1.74 _.20 6 2.26

NOEC = 0.03 mg/L total uranium
LOEC = 0.05 mg/L total uranium
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Table 3-17. Analysis of Variance and Dunnett's Comparison Test -

Uranium Dioxide (continued)

Table C. The minimum significant difference (MSD)
detectable among these data

MSD = 3.97

Control mean = 15.4 young; 15.4 - 3.97 = 11.43

For this data set, a 26.1% (3.97 young) reduction in _. dubia produc-

tion of young could be detected. That is, mean offspring production
11.43 would be significantly different from offspring production of

the control group.
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4.0 DISCUSSION .A/_.DSU_Y

Laboratory tests were conducted to determine the' acute

and chronic toxicities of three uranium compounds. These

compounds are present in an effluent discharged from the

M-Area Dilute Effluent Treatment Facility (DETF) into Tim's

Branch, a tributary of Upper Three Runs Creek. The w_terflea,

Ceriodaphnia dubia was used in all toxicity tests. These

organisms were reared in water collected from Upper Three

Runs Creek; water from the creek also served as the control

and diluent for both the acute and chronic tests.

t

The concentration of total uranium was determined in all

stock solutions prior to testing. The nominal concentration

of uranium in each toxicity test solution was determined by

controlled dilutions of the stock solution. Additional

analyses were performed to determine the actual concentration

of uranium in the various solutions used in the toxicity

tests. With the exception of uranyl nitrate, the concentra-

tion of total uranium was determined both in the highest test

solution and in an intermediate test solution used in each of

the three acute toxicity tests. Uranium concentrations were

measured only in the highest solution of UO 2 and the next to

highest solution concentration of HUO2PO 4 used in the chronic

toxicity tests. The concentrations of uranium in the highest

solution used each day of the chronic toxicity test conducted

on UO2(NO3)2-6H20 was measured daily as were uranium
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concentrations of all test solutions used on l0 December

1988. The results of all these uranium analyses are listed

in Tables 4-1 and 4-2.

As listed in Table 4-1, the percent recovery of total

uranium in test solutions of uranyl nitrate used in the acute

toxicity test ranged from 70.9 to 128%. Solutions used to

conduct the chronic toxicity test ranged from 32.9 to 126.3%

recovery (Table 4-2). Additional uranium _,analyses were

performed to verify _the cuncentrations of uranium in the

various uranyl nitrate test solutions. The concentrations of

total uranium in all test solutions used the first day of the 0

acute toxicity test (11-21-88; Table 4-1) were measured as

were uranium concentrations in all renewal test solutions

used the second day of the acute test (11-22-88; Table 4-1).

Concentrations of uranium were also measured in all solutions

used on Day 1 of the chronic toxicity test (12-10-88; Table

4-2). These analyses demonstrated that percent recovery was

relatively consistent for test solutions prepared the same

day for a given test (Tables 4-1 and 4-2).

l

The percent recoveries of total uranium for the test

solutions of hydrogen uranyl phosphate and uranium dioxide

were similar to those for uranyl nitrate (Tables 4-1 and 4-

2). Percent recovery for test _ solutions used in_ the acute

toxicity test of hydrogen uranyl phosphate ranged from 76.3

to 109.2% (Table 4-1) while total uranium percent recoveries
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ranged from 80.8 to 125% in chronic test solutions (Table 4-

2). The percent recovery for test solutions used in the

acute toxicity test conducted on UO 2 ranged from 85.7 to 140%

(Table 4-1). Test solutions used in the chronic toxicity

test were somewhat more variable, with percent recoveries of

total uranium ranging from 36 to 130% (Table 4-2).

Using nominal concentrations, the C. dubia 48 h static

renewal acute toxicity tests demonstrated that uranium

dioxide was the most toxic of the three uranium compounds

(LC50 = 0.050 mg/L total U; 95% confidence limits = 0.040 -

0.060 mg/L total U). Test results also demonstrated that the '

acute toxicities of uranyl nitrate and hydrogen uranyl

phosphate were less toxic (LCS0s = 0.070 and 0.Ii0 mg/L total

U, respectively; Table 4-3) . In a similar study, Trapp

(1986) found that the 48 h LC50 for D. pulex with uranyl

nitrate equaled 0.22 mg/L total U (95% confidence interval =

0.17 - 0.36 mg/L total U). These test results suggest that

uranium is somewhat more toxic to C. dubia than to D. pulex.

Static renewal seven-day toxicity tests were performed

to determine the chronic toxicity of each of the three

uranium compounds to C. dubia. The results of the test

performed on uranyl nitrate deviated from a typical toxicity

concentration-response curve and made data interpretation

difficult. However, until additional data is available to

supplement the results of this test, it is recommended that

4_
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the more conservative assessment of the data be used to

determine the NOEC and LOEC values for this compound. In

this instance, the NOEC and LOEC values for uranyl nitrate

equalled <0.008 and 0.008 mg/L total uranium, respectively.

Chronic test results determined that the NOEC and LOEC for

hydrogen uranyl phosphate in Upper Three Runs Creek water

equaled <0.006 mg/L and 0.006 mg/L total U, respectively

(Table 4-3). The C. dubia chronic toxicity test conducted on

UO 2 indicated that the NOEC for this compound in Upper Three

Runs Creek water equaled 0.030 mg/L total U and that the LOEC

equaled 0.050 mg/L total U (Table 4-3).

e

C. dubia exposed to all test solutions of hydrogen uranyl

phosphate exhibited essentially identical responses; exposure

to increasing concentrations of total uranium failed to

elicit corresponding reductions in test organism reproduction

(Table 3-10). The chemical form of the soluble uranium in

the hydrogen uranyl phosphate solutions is probably that of

an anionic phosphate complex [UO2(HP04)2=], whereas the

chemical form in a uranyl nitrate solution is the cation

UO2 ++ (Lan-gmuir 1978). These differently charged complexes

may act very differently in solutlon (Poston et al. 1984);

for example, the anionic phosphate complex may be absorbed by

the food added to the test chamber each day. The occurrence

of this phenomenon could be tested by adding food:_to a series

of hydrogen uranyl phosphate test solutions. Food would be

allowed to settle for 24 h and the test solutions filtered
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to remove all food particles. Uranium analyses performed on i

tests solutions before and after the addition of food would

determine if the food had removed uranium from soiution,

thereby altering the concentration gradient of uranium in the

test solutio,_a_ of hydrogen uranyl phosphate. Such a

phenomenon could account for the "flat" response observed

among organisms exposed to solutions of HUO2PO4-4H20 during

the chronic toxicity test.

A test was conducted to determine if filtration through a

0.45 vm filter reduced the concentration of total uranium in

t

the test solutions by removing uranium bound to suspended

particles. Solutions of hydrogen uranyl phophate were pre-

pared in the same mannner (see Section 2.2.2.3) as those used

in the chronic toxicity test. A portion of each sample was

filtered through a 0.45 vm filter. The concentration of

total uranium was measured in filtered and unfiltered

solutions. These measurements demonstrated that the uranium

was present as a filterable compound in the hydrogen uranyl

phosphate solutions (Table 4-4).

In summary, the results of both the acute and chronic

toxicity tests conducted on the three uranium compounds

demonstrated that low concentrations of these compounds

adversely affect the organism C. dubia.
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Table 4-4. Concentrations of total uranium measured in filtered

(0.45 vm filter) and unfiltered solutions of

hydrogen uranyl phosphate.

Nominal

Concentrations Unfiltered Filtered

(mg/L total U) (mg/L total U) (mg/L total U)

0.050 0.041 0.0044*

0.i00 0.040 0.0029*

0.200 0.129 0.026

*Samples were concentrated prior to analyses. 0
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APPENDIX 1

Composition of Bold's Modified Media



Appendix i.

Composition of Modified Bold's Media a

Major Components

Na
K
Ca

Mg
NO
po3.
CI 4

SO 4

Minor components

H_ BO 3
E6TA

Fe (II)
Zn (II)
Mn (II)
Cu (II)
Mo (VI)
co (II)

v_L%m_xm

Thiamine Hydrochloride
D-Pantothenic Acid, Calcium

Biotin

Cyanocobalamin (BI2)

aArthur L. Buikema, Jr., pets. comm.
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Water Chemistry Data for 48 h
Acute Toxicity Tests
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Water Chemistry Data for Chronic
Toxicity Tests
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SHEALYENVIRONMENTALSERVICES,INC.
BI_OGISTS,TOX_OLOGISTS & CHEMISTS

(8_) 2_-_15
C4_AYN_DNTA_N_ July 13, 1989

OLU_B_._ __

Mr. Joseph P. McLaughlin, Manager
ANALYTIKEM, INC.
454 Anderson Road, BTC 532
Rock Hill, SC 29730

Dear Mr. McLaughlin:

Enclosed please find the revised_he ceriodaphnia chronic
toxicity tests for/_ydroqen uranyl pho_uranyl nitrate and the
M-Area effluents. _As you wiilsee from the reports we have made as many
of the requested revisions as possible. Additionally, we have the
following comments concerning technical concerns/questions which were
addressed by Dr. John Pickett, Dr. Winona Specht and Mr. John Keyes:

1. All water samples have been filtered through a 37 um plankton net.
The EPA protocol from EPA/600/4-85/014 is 30 um. The new EPA Bulletin
(EPA/600/4-89/001), however; specifies to use a 60 um plankton net.
Please advise as to which bore size is to be used in future toxicity
tests. (Response to Item Number 1 of letter dated May 24, 1989).

2. For all future test samples and effluents will be aerated vigorously
for 5 minutes when necessary to eliminate problem of supersaturation when
samples are warmed to 25°C. (Response to Item Number 2 of letter dated
May 24, 1989).

e3. There is no EPA criteria for acceptable coefficients of
variation,

however; as requested we will maintain coefficients of variation for the
control groups below 35% in all future tests. This may require that some
tests be repeated at SAVANNAH RIVER SITE's expense. (Response to Item
Number 5 of letter dated May 24, 1989).

4. Concerning the question of pH decline overtime in the hydrogen uranyl
phosphaLe and uranyl nitrate tests we are enclosing calibration records
for the pH readings for review. Please note the same dilution water was
used for both tests. (Response to Item Number 6 of letter dated May 24,

1989).

5. The chronicvalues for the hydrogen uranyl phosphate test was an

typographical error which was corrected in the revised report. The
chronic value for the uranyl nitrate is correct as 0.0031 ppm and not

0.0037 ppm as Dr. Specht indicated. The value was derived as follows:
Antilog [_oa (NOEC} + Loq (LOEC_ ] =

2

Antilog [(0.0025 + 0.0039)/2)] = 0.0031
(Response to Item Number 7 of letter dated May 24, 1989).

Please call if you have any questions.

Sincerely, _;/ _

Richard L. Shea_y

President
/ CER_ED LABORAT_Y
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I. II_RODUCTZON

Acute and chronic toxicity tests were conducted January 27 - Fobrua_
,

19, 1989w for the Savannah River Site to assess the acute and chronic

toxicity of hydrogen uranyl phosphate to CertodaDh_ia

I I • METHODS

Dilution water for the toxicity tests was collected January 23 (L8_

I.D. No. 89-0129), January 27, 1989 (LaJ: I.D. 89-0158), Febl_lary 9t

1989 (Lab I.D. No. 89-0364)e February 13, 1989 (Lab I.D. No. 89-0371),

and February 16, 1989 (Lab I.D. 89-0394) from Upper Three Runs Creek
r

at the northside of a bridge on Road 2-1 on the Savannah River Site by

Mr. Jeff Bullard and shipped iced to the laboratory via Federal

Express. The water was filtered with a plankton net (37 um mesh) and

only water less than 96 hours old was used for the toxicity tests.

ceriod_phnia for the a=ute and chronic tests had been cultured in

water from Upper Three Runs Creek since October 25, 1988.

&. Range-Finding Tests

Range-finding tests were conducted January2? - 29 and January 30 -

February 1, 1989, with concentrations ranging from 0.32 ag/1 to 10

mg/l hydrogen uranyl phosphate (0.21 nS/1 - 8.5 ms/1 theoretical

uranium) (Table 1.) These tests were used to determine test

concentrations for the definitive acute and chronic tests.

B. Acute Toxicity Test

Test methods oonfo_ed to those described in USEP& (1985a; see Table

2). The 48-hour acute toxicity test was conducted February 17 - 19,

_





Table 2: Summary of test conditions for the acute toxicity
bioassay with Ceriodaphnia dubia.

1. Temperature: 25 ± i°C

2. Light intensity: Ambient laboratory levels

3. Photoperiod: 16 h llght/8 h dark

4. Size of test vessel: i00 ml beakers

5. Volume of test solution: 50 ml

6. Age of test organisms: 2-24 hour neonates

7. No. animals per
test vessel: I0

8. No. replicate test
vessels per

per concentration: 2

9. Total no. organisms
per concentration: 20

10. Feeding regime: No feeding required.

11. Aeration: None, unless D.O. falls
below 40% saturation, at which

time gentle single-bubble
aeration started.

12. Dilution water: Upper ThreeRuns Creek
Water at the Savannah River
Site Road 2-1

13. Test duration: • 48 hours

14. Effect measured: Mortality - no movement of
appendages on gentle prodding
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lgagw with the following hydrogen uranyl phosphate concentrations:

3.2 mS/1 (0.170 mg/l actual recovered ttEanium)• _.8 mg/l (0.ogg mS/1

recovered uranium), 1.0 mS/1 (O.OSg ms/1 recovered uranium), 0.56 mS/1

(0.1g0 mS/1 recovered uranium) and 0.3Z mS/1 (0.036 ms/1 recovered

uranium). For the controle 100_ dilution water was used.
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deionised water and dzied overnight at 10S°C. A 104 mg/1 hydrogen

uranium phosphate stock solution was prepared on February 17, 1989 for
• L

the acute teat. The hydrogen uranyl phosphate solution was prepared

by rapidly weighing 0.0104 grams of the chemical onto a tared weighing

paper in a balance containing desiccant. Another stock solution (106

ppn) was prepared in the same manner on Fe_=u_ IS, 1989 for the
--

renewal. Both hydrogen uranyl phosphate stock solutions were stirred

vlth a magnetic stirrer for five minutes at a constant setting and the

precipitate allowed to settle for 30 minutes. &liquors of the

hydrogen uranyl stock solutlon wore drawn off the top of the solutlon

- after the precipitate was allowed to settle. The test concentrations

- were prepared by dosing the dilution water wlth the appropriate
=

- aliquot of the hydrogen uranyl stock solution using Class A volumetric
V

pipets. Samples of hydrogen uranyl phosphate solutlons were preserved

with 10% metals grado nitric acid and shipped with ice packs to

ANAL_TIKEM, INC. via Federal Express for analyses.
_
|

Dissolved oxygen, water temperature, pH, ¢onductlvity, total

alkalinity and hardness measurements were made in conjunction with the
_-_

test. Temperature was maintained at 25°C +_ l°C in all test chambers.
i

The test organisms were pla_ed singly in the test vessels each

containing SO nl of solution. Transfer of the neonates was_

accomplished using an eye dropper where the o_anism was never removed
_

from solutlon.--

-

Test chambers were examined every 24 hours for immobile CeriodaDhnia.



_obils annals were oxauined with a stereoscope (60X) and were

considered dead if no appendage activity could be observed after

gentle prodding.

C. Chronic Toxicity Bioassay

Test methods conformed to those described in USBP& {_g8Sb; ees Table

3). The 7-day chronic toxicity bioassay was pezformedrebruary 9-

16, 1989, as seven treatments exposingZ0tsst organisms sash. The ..

first treatment was the control (_00k filtered Upper Three Rune Creek

Water). The hydrogen uranyl phosphate solutions were 0.086 ns/1, 0.10

mS/l, 0.18 mg/l, 0032 mS/l, 0.56 mS/1 and 1.0 mg/1, (actual recoverbd

uranium values of 0.028 mg/1 and 0.021 ag/l, 0.037 mg/1, 0.0S0 mg/1,

0.043 ms/1 and 0.063 nS/1, respectively). _ll test solutions were

prepared from stock hydrogen uranyl phosphate solutions prepared daily

by dosing the dilution water with the appropriate aliquot using Class

volumetric pipets and Hamilton microliter syringes (accuracy and

reproducibility ilk). The hydrogen uranyl phosphate solutions were

prepared in the same manner as for the acute test with sach new

solution being etirrsd by a magnetic stirrer for 5 minutes on a
-

constant sstting and the precipitate allowed to settle for 30 minutes.

Samples of ali test concentrations from each day were preserved with

10_ metals grads nitric acid and shipped with ice packs to _LYTZFJeH,

INC. for analysis. The values given for actual recovered uranium

represent averaged values £romanalyxodxamples o£the hydrogen uranyl

phosphate solutions from two days. The test organisms were exposed to

renewed daily.



Table 3: Summaryof test conditions for the chronic toxicity
bioassay with Cerlodaphnia dubia.

I. Temperature: 25 _ l°C ,

2. Light intensity: Ambient laboratory levels

3. Photoperiod: 16 h light/8 h dark

4. Size of test vessel: 1 ounce SOLO plastic
disposable cups

5. Volume of test solutlon: 15 ml

6. Age of test organisms: 2-24 hour neonates and all
released within the same four

hour period

7. No. animals per
test vessel: 1

t

8. No. replicate test
vessels per

per concentration: I0

9. Total no. organisms
per concentration: i0

10. Feeding regime: Selenastrum capricornutum at
the rate of 1-2,000,000 cells

per ml test soln. per day

11. Aeration: _ None

12. Dilution water: Upper Three Runs Creek
Water at the Savannah River
Site Road 2-1

_-_

13. Test duration: 7 days

14. Effect measured: Mortality - no movement of
appendages on gentle prodding
and number of offspring
produced



Dissolved olTgen, water temperature, pKe and conductivity measurements

were made daily in conjunction with the test. Temperature was

maintained at 2S°a i 1°tin all test chambers during the test.

The test organisms were placed singly in the test vessels each

containing IS al of solution. The organisms were between 16 and 20

hours old at the start of the test. Transfer of the neonates was

accomplished using an eye dropper where the organism was never removed

from solution. _ll _eriodaphn_a were fed the green alga 8elenastrum

capr_n_ at a rate of approximately 1,000,000 ceils per ml. per
e

day in each solution. 8elena_tru_cultures were obtained from

Carolina Biological Supply Company and cultured in natural spring

water and Klga-Gro media in 1-1iter cotton-plugged Erlenmeyer flasks

and maintained under bright fluorescent lighting for 6days. Test

chambers were incubated for temperature control with photoperiod held

at 16 hours of light and 8 hours of darkness. Randomization of test

animals in the incubator and order of feeding was established based on

random number tables.

III. RESULTS

&. Acute Toxlolty Bioassay

The results of the 4S-hour acute toxicity bioassay are given in Table

4. Nortality occurred £n the 0.059 rag/1 (20_ mortality)• 0.099 rag/1

(100_ mortality) and 0.170 ng/l (lO0_ mortality) actual recovere d

uranium.

e

_
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Table 4. Number and percentage of Ceriodaphnia ahowing effect (death)

during the 48-hour static renewal bioassay to determine the
acute toxicity of hydrogen uranyl phosphate to CeriodaDnla
dubia. Concentrations in hydrogen uranyl phosphate,
theoretical uranium, and actual recovered uranium. Ten test
organisms per replicate.

Test . Number Dead After %
Concentratlon Replicate 24 Hours 48 Hours Mortality

..................................2.........o.........;...............
Control B 0 0 0%

Actual
H.U.P.* Theoretical U Recovered U

.................o 0
0.32 0._ mg/1 0. 036 mg/l B 0 0 0%

_ ,_.'_,,_" A o 0
o.$6 0._ _g/l o.19o_g/1 B o 0 o_

1.0 0._mg/1 0.059 rag/1

_. g/_ o.0_9_g/_ _o0_

o l.q__ A _o

3.6 _ mg/1 0.170 rag/1 B 10 , 100%

*Hydrogen Uranyl Phosphate __u__ __'_
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concentrations. No mortality occurred in the 0.190 mm1, 0.036 mm/1

concentrations or the control. Theme data were used to determine a

48-hour LCSO (median lethal concentration) value with the Binomial

Method (EP_, lg85a). Thin calculation remulted in a 48-hour LC50

value of 1.20 mm/1 hydrogen uranyl phosphate with g5_ confidence

limits of 1.0 and 1.8 mm/lo _ 48-hour LC50 value in terms of

recovered uranium could not be calculated since the recovered uranium

concentrations were mporatic and not in a progressive series.

Water chemistry data taken in conjunc_ion with the acute bioassay aree

given in Table 5. Ali parameters monitored were within acceptable

limits for bioassay purposes except for the pR readings on February 17

for the 1.0 mm/1, 1.8 mm/1 and 302 mm/1 hydrogen uranyl phosphate

concentrations. For these concentrations, pHs of less than 6 S.U.s

were observed.

B. Chronic Toxicity Bioassay

The results of the 7-day chronic toxicity test are given in Table 6.

Mortality occurred in the control (10_ mortality), 0.056 mm/1 (10_

mortality), 0.10 mm/1 (10_ mortality), 0.32 mm/1 (10_ mortality), 0.56

mm/1 (20_ mortality) and 1.0 mm/1 (10_ mortality) hydzogen uranyl

phosphate concentrations. No mortality occurred in the 0.18 mm/1

hydrogen uranyl phosphate concantration. Reproduction _uthe c_nt_l

averaged l7 offepringper female.

W
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Table 6: REPRODUCTION/MORTaLITY DATA for the Cern.daphnia c/Ironlc toxicity
test conducted with hydrogen uranyl phosphate for the Savannah Riw_r Site

Conducted February 9 - 16, 1989
L=Live
D=Dead

Conc. I Day I A B I C I D I E F G I H I J I--------------i-- ---------- -------- -- --_ 0------ -------- ----_ -------- -------- _------ -------- --_--

I_-I0 01oioI_o0o i0 0_01
I" I ° °1 °1 °1 ° ° °l ° ° °l------___ ------_ m------ -------- -------- -------- --m---- -------- -------- -------- --------

1°  -I°L°I°  n0001Control ........... 0_

4 - 2- 2 0 D/0 _2 2 3_ 3 0_ 0

I _ I ° _1_1- I'- _ _°l °'_ _I

I_o_,.I_._____________I__,_I_______01___ _ ,._I_ __ _,,.-- _-- _--_-- i -------- -------- --0-- -------- .

l_°_'i__I_i°-I_ _ _i_ _ _I
-- -- q_,

X= 16.7 S.D. = 7.3
--i----m--_------ -- ----_ --0----

L=Live
D=Dead

Conc. Day A B C D E F G H I J
--_----0 ------

1 0 0 0 0 0 0 0 0 0 0
Dilution _ .............

2 0 0 0 0 0 0 0 0 0 0

(0.056) ----- ---- ---- -.............................-
ppm 3 0 0 0 0 0 0 0 0 0 0

hydrogen -- .....................................-_. - -
uranyl 4 2 2 i 0 2 3 2 1 3 4

DhosDhate .......... -..............................- - - -

5 0 6 0 D/0 0 4 6 0 4 0

____ ------ I

Obser,_,"ed ........................................
U 6 4 7 i0 - 3 5 2 4 6 5

m _-- -- -------- -- ------- 0. 028 ..................................

pp, 7 II 0 0 - 3 3 9 0 3. i0

I .... --'---
.... 9TOTAL 17 15 Ii 0 8 15 19 5 16

ADULT L L L D L L L L

I ........ Ie,_,--i-- i_,

X= 12.5 S.D. = 6.4



L=Live
D=Dead

Conc. Day A_ B C D E F _G I H I Jo

.....................I..................._-- o o o _o o---o-o o-_oDilution .....

_o__o o_ o o --o o _o o _o
( o.18 ) Ippm 3_' o o o o -o- --; 0 o o o

_o,.. ....... ;- --;---_............... ;-I............uranyl 4 0 2 2 0 2 4

ObserVedU .................................6 4 3 3 6 5 4 5 I............3 2 5

= 0.037 ................................ I ...........ppm 7 6 2 8 8 3 5 8 4 6 4

TOTAL 15 9 16 16 14 14 16 i 9 i0 19

..........................- - - ...........ADULT L L L L L L L L

- - I
__ ____ __ -- __ --__ __-- _ _ _q ml ---- -- -------- ,u_-- _-- ---- -- -- ,n_ -- a_,

X= 13.8 S.D. = 3.4
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Table 6: REPRODUCTION/MORTALITY DATA for the Ceriodaphnia chronic toxicity
test conducted with hydrogen uranyl phosphate for the Savannah River Site

Conducted February 9 - 16, 1989 (Continued)
I._Live
D=Dead

Conc. I Day A B C D i E I F G H I I J I

I_ o o o oIolo o o oIoIDilution .................................

I_ o o o oIoIo o o oIoI( 0.32 ) .............................................

"° I' ° ° ° °1 °1° ° ° °1 °1hydrogen .......................................

phosphate ..........................................

I_ °' _ _I_l o o oIoIObserved ..........................

= O. 050 .........................................

'"I_ _ _-_-_I-°I- _-° _l_I

m,--------------_ ----_-- ------ --mm---- --m---- -------- -------- -- ---- -------- _.u,,-- _ _ _---- --__----

_---------- _----------_qm------ _---- _ p--------mm-------------- -- ---------------------- m _------------_--_D_----_--_------

aw_

X= 13.3 S.D. = 5.9
_-- ------------ ----.--------------

L=Live Day A B C D E F G H I J
D=Dead - --- -- _ -------- -------- -------- --.---- ---- _ -- ---- ------ -- _ _ -------- -------- ------_

• Conc. 1 0 0 0 0 0 0 0 0 0 0

2 0 0 0 0 0 0 0 0 0 D/0
Dilution ........................................... --

3 0 0 0 0 0 0 0 0 0 -

( 0.56 ) ---_ ....................................
ppm 4 2 0 3 0 2 2 D/0 1 2 -

hydrogen .................................
uranyl 5 0 2 0 6 0 0 - 3 5 -

ph ph .....os ate ................................... -

_ __ _ _2_: .... __-..4 __6 - 5_---- -- ---- ---- -------- ---- -- -- ---- ____Observed .... -

- 0.043 ..........................

ppm TOTAL 11 6 11 12 8 15 0 10 17 0
_-------- ------_ -------- -------- ----_-- _----_ -------- _----_ -------- -------- -------

ADULT L L L L L L D L L D

X= 9.0 S.D. " 5.7
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Average rop:oduation in the hydrogen urn_yl phosphate solutions was as

follows s
Offspring

Per %
Female Mortality

Control = 17.0 10

Hydrogen

Phospha_0 Theoretical U Re=.voted U

o.os,,g/l o.-  tl o.o,o : lo
o. 3.0 rag/1 0. O46 Ig/1 0.021 ag/1 : 13.1 'tO

•oqTn

o. 32 rag/1 0 O. OSO rag/1 = X3.3 10 '

0.56 rag/1 0 0.043 mg/l = 9.0 20

1.0 rag/1 0.650_/_g/1 O. 063 rag/1 = 7.0 10

The reproduation _ata were tested £or normality using the Chi-Square

Goodness of Fit Test and for homogeneous v_isnaes using Bartlett,s

test. Non-transformed data were found to be normally distribute4

(Chi-B_u&re = 3.22, czitioal value = 12059) and with homogeneous

vszlances (Bartlett's Test p value = 0.445, p --0o01). Statistical

analyses ortho results using Dunnett,8 Multiple Compulson Procedure

indioated obE.hie toxioity at the 0.56 mg/1 and 1.0 mg/l hydrogen

uranyl phosphate c_ncontzatlons (actual =eoovered uranium

concentrations of 0.043 and 0.063, rospeot4vely). The no observed

off.at oonaentration (NOZC) van 0.32 rag/1 hydrogen uranyl phosphate

(0.0S0 ng/l re..voted uranium) while the lowest ohm.Eyed effeot

conoentration (LOBe) ras 0.S6 rag/1 hydrogen uranyl phosphate (0.043

rag/1 rooovered uranium). The chronic value (ehV), taken as the
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geometrio mean of .the NGBC and L02C, was 0.423 rig/1 hydrogen uranyl

phosphate.

Water cht_Litq dart teten in con_unction with the c_-onic toxicity

test are given in Table 7. _1 pa_neters monitored vere within

8caeptable limits for bioassay purposes txaept for the pH readings on

Fobrua_/ 14 and ISo For those dnye pb of lose than t 8.U.s yore

rooordod for all aonoontrations and the oontrol.

o
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Table 7: _IATER CHEMISTRYDATA for the Certocla_nts chronic toxicity teBt _ted with

hydrogen urarNL phoq_ate for the Savannah River Site, February 9 - 16, 1969. (Continued)
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I................ II ..... I ..... !..... I.......... I ..... I..... I ..... I ..... I ..... i..... I..... I ..... I..... I..... II



APPENDIX A

Analyses of the acute toxicity test data

with the Binomial Method

CONC. NUMBER NUMBER PERCENT BINOMIAL

EXPOSED DEAD DEAD PROB.(%)
3.2 20 20 i00 9.536743E-05

1.8 20 20 100 9.536743E-05
1 20 4 20 .5908966

.56 20 0 0 9.536743E-05

.32 20 0 0 9.536743E-05 '
THE BINOMIAL TEST SHOWS THAT 1 AND 1.8 CAN BE

USED AS STATISCALLY SOUND CONSERVATIVE 95 PERCENT
CONFIDENCE LIMITS SINCE THE ACTUAL CONFIDENCE LEVEL

ASSOCIATED WITHTHESE LIMITS IS 99.40_01 PERCENT.

APPROXIMATE LC50 FOR THIS SET OF DATA IS 1.200501

WHEN THERE ARE LESS THAN TWO CONCENTRATIONS AT WHICH THE PERCENT

DEAD IS BETWEEN 0 AND i00, NEITHER THE MOVING AVERAGE NOR THE
PROBITMETHOD CANGIVE ANY STATISTICALLY SOUND RESULTS.



APPENDIX B

ANOVA table for the chronic toxicity test



Appendix B ANOVA table for the chronic toxicity test
conducted with hydrogen uranyl phosphate February 9 - 15, 1989

(Data non-transformed)

v

Source DF SS MS F
ll,WaMnl,1 _- lll_ _lll _lll lll

Among 6 653.7 109.0 3.22

Within 63 2135.1 33 o9

Total 69 2788.8

Dunnett's T Values

(Critical Value- 2.35)

Concentration Calculated T

0.056 rag/1 1.70 '
0.10 mg/1 1.43
0.18 mg/l 1.21
0.32 mg/l 1.36
0.56 mg/l 3.02
1.0 rag/1 3.58

I

Chi-Square Calculated Value - 3.22 Critical Value - 12.59

Bartlett's Test p Value - 0.445 (p - 0.01)
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v

IV. Analysis of Test Solutions

Results of analysis of test solutions of uranyl phosphate

HUO2P04.4H20 (MW - 438)

Theoretical
Concentration Observed Concentration Percent

Total Uranium_ mg/L Total Uranlum_ mg/L Recovery

0.17 0.036 21

0.30 0.190 63

0.54 0.059 II
t

0.97 0.099 I0

1.72 0.170 I0

@
0. 030 0.026 87

0.054 0.031 57

0.097 0.039 40

0.17 0.055 32

0.30 0.037 12

0.54 0.057 II

0.030 0.030 I00

0.054 0.011 20

0.097 0.035 36

0.17 0.044 26

0.30 0.048 16

0.54 0.068 13

55.4 48 87
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V. Met.h,od.o.l.ogy,and _Quality Control Data

The methodology and quality control data are described in Sections II

and IV, respectlvely, Part I, of this report.



ATTACHMENT' XI

J. L. Keyes to J. P McLaughlin. Scope of Work for Additional Hydrogen Uranyl
Phosphate Toxicity Tests. Westinghouse Sav_mnah River Co., Savannah Rivet Site,
Aiken, SC 29802 (May 3, 1989).
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• _ WestinKhouse P.O._eleAiken.SC29902
SavannahRiverCompany

]MES.99,0046

May 9, 1989

Mr. Joseph P. McLaughlin
Contract Program Manager
AnalytiKEM, L_c.
454 S. Anderson Road, BTC 532
Rock Hill, SC 29730

Dear Mr. McLaughlin:

Contract AX #843930

Enclosedisa ScopeofWork foradditionalHydrogenUranylPhosphateacuteand
chronictoxicitytests.PleasearrangeforShealyEnvironmentalServicesto
initiatethistaskina timelymanner.

Questionsmay bedirectedtoDr.JohnPickettat(803)725-3838.

Yours very truly,

_/J. L. Keyes
Process Biologist
Environmental Protection Section

JLK:ccc
Enclosure



=0 So,616

West,inghouse A,ersc29Bo2
SavannahRiverCompany

,,e

INTER-OFFICE MEMORANDUM .,;

May 3, 1989

TO: J. L. KEYES, 703-15A
ENVIRONMENT & ENERGY. DEPARTMENT ....

FROM: J. B. PICKETT, 320-4M
RAW MATERIALS ENGINEERING & TECHNOLGY DEPARTMENT

t

SCOPE OF WORK FOR ADDITIONAl HYDROGEN URANYL PHOSPHATE

_CUTE AND CHRONIC TOXICITY TESTS

Please transmit the attached scope of work to AnalytiKEM and to

ECS/Normandeau for additional.acute and chronic toxicity tests on

hydrogen uranyl phosphate. I believe that the results of the

initial tests were affected by small amounts of the solid compound
in the stock solution, which then dissolved in the test solutions

(as a function of the % dilution). I have specified a revised

stock solution preparation procedure which I believe will

eliminate this problem. Please call me at 5-3838 if you have any

questions.

JBP:smr

Att
_-_

CC: W. L. Specht, 7_3-42A

C. P. Thompson, 730-M

H. L. Martin, 730-M



SCOPE OF WORK

ADDITIONAL TOXICTTY TESTING ON HYDROGEN URANYL PHOSPHATE

I. Please test hydrogen uranyl phosphate for acute and chronic

toxicity (LC-50, and NOEC and LOEC).

2. All toxicity tests are to be conducted using EPA approved
methods (Peltier and Weber, 1985, and Horning and Weber,

1985)--except that the tests will be conducted at 25°C rather
than 20oc.

3. Ceriodaphnia dubia, raised in UpI_er Three Run _water are to b_
used.

Water from Upper Three Runs, collected at Road 2-1 on the
Savannah River Site is to be used for control and dilutions.

4. The preparation of the hydrogen uranyl phosphate compound, and e

the preparation of the subsequent stock solution is given in
Attachment I.

5. The following uranium concentration ranges are suggested for

the acute and chronic tests. Note: These may be modified as

required--based on:

a) the results of the acute tests and/or

b) the stock solution concentration and available

microsyringe sizes.

Nominal Dissolved Uranium. ma/L

Acute Toxicity: 0.10, 0.080, 0.060, 0.040, and 0.020

Chronic Toxicity: 0.060, 0.048, 0.036, 0.024, 0.018, 0.012,

_- 0.008, 0.004

6. The acute and chronic serial dilutions are to be based on the

measured concentration of the uranium stock solution. The

uranium stock solution is to be determined in triplicate, prior

to use. Matrix spike QC analyses are to be provided when the
stock solution is determined.

The acute and chronic dilution series are to be prepared using
standard microsyringe/pipet techniques, which will be called

the "nominal", uranium concentrations. Duplicate samples of
each of acute and chronic nominal dilution series are to be

analyzed (day one of the chronic series is to be sampled and

analyzed for uranium).

The detection limit-is to be 0.001 mg/L.



ATTACHMENT

Preparation of HUO_POI. 4HIQ (MW= 438 gm/Mole),

l) Mix uranyl nitrate and phosphoric acid on a 1 mole U to 1 mole

PO 4 ratio.

2) Neutralize to pH 6-7 with NaOH.

3). Stir 15 minutes, and filter precipitate.

4) Rinse three times with D.I. water.

5) Dry ppt at I05° C overnight.

Resulting compound should be: HUO2PO4"4H20 (Hydrogen uranyl

phosphate, or hydrogen autenite)

Note: the ,HUP" previously prepared for the initial round of

tests may be utilized, if desired. Retain a 1-2 gm sample of .

the compound, to be used for x-ray diffraction analysis at SRS.

Preparation of _UP stock solution-

i) Prepare sufficient stock solution (one lot) for all of the
acute and chronic tests.

2) Weight out enough hydrogen uranyl phosphate ("HUP") to prepare

~ a I00 ppm solution. Filter the entire solution using 0.45_m

filter. This should result in a filtrate with ~i0 ppm of
soluble "HUP". The filtrate is to be used as the stock solution

for all of the toxicity tests. Note; either 0.45 _m Nucleo-

pore® or 0.45 _m Millipore® filters are recommended.

3) The stock solution is to be maintained at 4°C during the
testing.

4) The concentration of uranium in the stock solution is to be

determined in triplicate, and the dilutions based on the
measured value of uranium.

4) The filtrate stock solution is to be agitated or stirr_d

vigorously prior to preparing any dilutio:- (or analyses) to be

sure that any insoluble material is incluc _.



ATTACHMENT XlI '

E. T. Konhals and K. E. Trapp to John Keyes. Acute and Chronic Toxicity of
Hydrogen Uranyl Phosphate to Ceriodaohnia dubia. Report No. NAI-SR-106,
Norrnandvau Associates, Southeast, Aiken, SC 29802 (Dccemtmr, 1989).
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Narmer,_a._am, _ NORMANDEA UASSOCIATES
p.o.Box1393
Aiken,SC29802
(803)652-2203
(803)652-7428(Fax)

&..:z. ,3o-
2 January 1990 I2.L. _, 77_'Y _

John Keyes, Contract Manager
Westinghouse Savannah River Comapny
Savannah River Site
P.O. Box 616

Aiken, SC 29802

Dear Mr. Keyes:

Enclosed please find the final revision for the report "Acute
and Chronic Toxicity of Hydrogen Uranyl Phosphate to '
Cer_odaphnia dubia", NAI-SR-106 (Ref. Contract AX843967).
This final revision includes comments as discussed with Dr.

Pickett on 12/1/89.

Eric T. Korthals /l_, _
Laboratory Manager,

Aquatic Toxicology __4

Enclosure

Bedford,NH Yarmouth,ME Aiken,SC
Hampton,NH Peekskill,NY Greenville,SC
Williston,VI" TomsRiver,NJ LeClaire,lA

A suDsiOiaryofThermoEnvtrorlmentalCor_ration and ThermoElectronCorl_oratlo,'_
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NAI-SR-106

Acute and Chronic Toxicity of

Hydrogen Uranyl Phosphate to
Ceriodaphnia dubia

E.T. Korthals

K.E. Trapp

NORMANDEAU ASSOCIATES, SOUTHEAST
P.O. Box 1393

Aiken, South Carolina 29802

(803) 652-2206

Draft Report

September 1989

Final Revision

December 1989



This report NAI-SR. 106, was prepared for
Westinghouse Savannah River Company

Savannah River Site
P.O. Box 616

Aiken, South Carolina 29802
t

John Pickett

Program Director
8

John L. Keyes
Contract Manager

by

NORMANDFJ%U ASSOCIATES, SCUTHEAST
-" P.O. Box 1393

Aiken, South Carolina 29802
(803) 652-2206

Draft Report
September 1989

Final Revision
December 1989
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EXECUTIVE SUMMARY

i. Studies were conducted to assess the acute and chronic

toxicity of a uranium compound, hydrogen uranyl phosphate,

discharged from the M-Area Dilute Effluent Treatment

Facility (DETF) into Tim's Branch, a tributary of Upper

Three Runs Creek.

2. The waterflea, Ceriodaphnia dubia, was used as the test

organism in 48 h static renewal acute toxicity tests. These

acute toxicity test were conducted with fed. and unfed test

organisms to assess the acute (short-term) toxicity 'of

hydrogen uranyl phosphate, HUO2PO4-4H2 O . Test results

(unfed) indicated that, based on nominal concentrations of

dissolved uranium, the C. dubia 48 h LCS0 for hydrogen

uranyl phosphate equaled 0.12 mg/L dissolved uranium (95%

confidence limits = 0.ii - 0.13 mg/L). The test results

also indicated that the addition of food increased the

nominal 48 h LCS0 to > 0.26 mg/L dissolved uranium.

3. A C. dubia seven-day static renewal chronic toxicity test
i

was conducted to determine the chronic (long-term) toxicity

of hydrogen uranyl phosphate. Exposure to nominal

concentrations of hydrogen uranyl phosphate _ 0.006 mg/L

dissolved uranium affected both test organism survival and

reproduction. The nominal NOEC and LOEC for hydrogen uranyl

O phosphate equaled 0.002 and 0.006 mg/L dissolved uranium,

respectively.

iv



4. These results demonstrated that relatively low concentrations

(i.e., _ 0.12 mg/L dissolved uranium) of hydrogen uranyl

phosphate adversely affected the survival and reproduction of

the test organism, C. dubia. Results of the acute toxicity

tests also demonstrated that the addition of food to test

solutions decreased the toxicity of hydrogen uranyl

phosphate.



1.0 INTRODUCTION

Westinghouse Savannah River Company requested thad Normandeau

Southeast (NAI-SE, SC DHEC Laboratory Identification Number

02101) determine the toxicity of hydrogen uranyl phosphate to the

water flea, CeriodaDhnia dubia. Information generated from these

tests will help determine if the uranium compound adversely

affects the aquatic biota of Upper Three Runs Creek.

Low concentrations of a uranium compound, hydrogen uranyl

phosphate (HUO2PO4-4H20), are currently discharged from the M-Area

Dilute Effluent Treatment Facility (DETF) on the Savannah River

Site (SRS). Discharge from the DETF enters Tim's Branch, a

tributary of Upper Three Runs Creek. Tim's Branch flows into this

creek near Road C on the SRS. Upper Three Runs Creek is a

blackwater creek that runs through SRS property and discharges

intothe Savannah River. The water in Upper Three Runs Creek is

generally acidic and demonstrates little or no buffering capacity

(Table I-i).

This series of toxicity tests was designed to assess both

the acute and chronic toxicity of hydrogen uranyl phosphate. The

toxicity tests were conducted in three stages. The first stage

consisted of a range-finding test in which C. dubia were exposed

to a wide range of hydrogen uranyl phosphate concentrations. This

phase was exploratory; its purpose was to reduce the number of

concentrations tested in the second phase by approximating
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Table i-I. Results of basic water chemistry analyses conducted

on water samples collected from Upper Three Runs
Creek and the Road 2-1 bridge on the Savannah River

Site. January 1988 -August 1989.

Total Total

Hardness Alka i inity a Conduct iv ity

pH (Ca CO 3mg /L ) (CaCO 3mq/L ) (mS /cm)

1988

Jan, ii 5.50 6.0 1.5 0.022

Apr. 7 6.10 6.5 1.0 0.020

Jun. 7 5.60 2.5 2.0 0.015

Jun. 20 6.30 3.0 3.5 0.020

Jul. 19 5.55 3.0 1.0 0.015
t

Aug° 8 5°80 3.5 1.5 0.020

Sept. 8 5.80 3.0 2.5 0. 020

Oct. 14 5.80 2.5 1.0 0.015

Nov. 3 5.95 3.0 1.0 0.015

Dec. 12 6.00 3.5 1.0 0.015

1989

Apr. 26 6.30 4.0 3.0 0.015

May Ii 5.65 3.0 i. 0 0. 010

June 12 , 5.60 3.0 1.0 0.010

July 19 6,05 , 3.0 1.0 0.015

Aug. 14 6.00 3.0 3.0 0.010

aDetection Limit = 0.i mg/L.
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concentrations of the compound that would produce 50% mortality

among the test organisms.
v

Once this initial test was completed, a definitive 48 h

static renewal acute toxicity test was conducted. This represented

the second phase of testing and was designed to establish the

concentration of hydrogen uranyl phosphate that was lethal to 50%

of the test organisms (lethal concentration, or LC50) within 48 h.

The 95% confidence limits for the LC50 were also calculated to

provide some indication of the range of concentrations over which

a similar acute response might be observed. The acute toxicity of

hydrogen uranyl phosphate was determined with and without the

addition of food to test solutions. The purpose of the acute

toxicity test with fed test organisms was to assess whether the

toxicity of hydrogen uranyl phosphate in the chronic toxicity test

was affected by the addition of food.

When the acute toxicity of hydrogen uranyl phosphate to C.

dubia had been determined, the third stage of testing was

initiated. A seven-day _. dubia static renewal chronic toxicity

test was'performed to identify concentrations of hydrogen uranyl

phosphate that could have sublethal, long-term (chronic), adverse

effects on aquatic organisms. C. dubia were exposed to a range of

concentrations of hydrogen uranyl phosphate for seven days. The

LC50 value determined in the unfed acute toxicity test was used to

establish the concentrations used in the chronic test. During a

seven-day period, C. dubia individuals typically produce three
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b_oods of offspring. Test organism survival and offspring

production served as criteria for determining the chronic toxicity

of hydrogen uranyl phosphate.

Statistical analyses of the C. dubia chronic toxicity test

result were used to identify a no-observable-effect concentration

(NOEC). The NOEC is the highest concentration of hydrogen uranyl

phosphate that produces no statistically significant reduction in

the survival or reproduction of test organisms when compared to

control organism survival and reproduction. A lowest-observed-

effect concentration (LOEC) was also identified. The LOEC

represents the lowest concentration of toxicant that produces, a

statistically significant adverse effect on test organism survival

and reproduction (Homing and Weber 1985).

The results of the acute and seven-day chronic toxicity tests

will be used to help determine a threshold or safe discharge

concentration for hydrogen uranyl phosphate so that the compound

can be released from the DETF outfall without disrupting the

aquatic community of Upper Three Runs Creek.
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2.0 METHODS AND MATERIALS

2.1 PREPARATION OF STOCK SOLUTION

Unless otherwise specified, all solutions (both stock and

test) were prepared using volumetric glassware and calibrated

pipettes or pipetters. The same hydrogen uranyl phosphate stock

solution was used for both the acute and chronic toxicity tests.

The concentration of dissolved uranium in the stock solution was

confirmed analytically before it was used in a test.

Concentrations of dissolved uranium were determined either by

fluorometry (Method 711-B, detection limit = 0.02 mg/L; APHA

1985) or by inductively coupled plasma emission

spectrophotometry (EPA method 200.7, detection limit = 0.I0

mg/L; EPA 1983).

Reagent grade uranyl nitrate (Mallinckrodt Lot# 8640 KCAP)
..

and phosphoric acid were used to prepare hydrogen uranyl

phosphate. The uranyl nitrate was mixed with phosphoric acid

(i:I ratio of moles uranium to moles phosphate)• This mixture

was neutralized to pH 6-7 with 1.0 N NaOH and stirred for 15
_-_- •

min. The resulting precipitate (HUO2PO4 4H20 ) was filtered

through Whatman #4 filter, paper, washed three times with

deionized water, transferred to a watch glass, and dried at

105 ° C for approximately 16 h.

A saturated stock solution of hydrogen uranyl phosphate was

O prepared by mixing 0.4 g of the compound with 19 L of Upper
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Three Runs Creek water for approximately 16 h. The resultant

suspension was filtered through a 0.45 vm polycarbonate filter

(Mill±pore Corp., Bedford, MA). The filtrate was then _sed as a

stock solution to prepare all toxicity test solutions. The

stock solution was analyzed to determine the concentration of

dissolved uranium it contained. The measured concentration of

uranium in the stock solution equaled 0.26 ± 0.02 mg/L dissolved

uranium (_ ± sd, n = 3). All nominal test concentrations were

extrapolated from the concentration of dissolved uranium

measured in the hydrogen uranyl phosphate stock solution.

2.2 LABORATORY PROTOCOL

The guidelines and recommendations listed in Horning and

Weber (1985) and Peltier and Weber (1985) were followed for

handling organisms, cleaning test equipment, and conducting

all toxicity tests. Laboratory procedures are listed in

detail, and deviations from methodology given in Horning and

q

Weber (1985) or Peltier and Weber (1985) are noted. The water

flea, Ceriodaphnia dub±a, served as the test organism.

2.2.1 Culture Methods

Stock cultures of Ceriodaphnia dubia were originally

obtained from cultures maintained by the US EPA Environmental

Research Laboratory in Duluth, MN. These animals are now

cultured by the NAI-SE aquatic toxicology laboratory in water

collected from Upper Three Runs Creek (Aiken County, SC). Water

is collected at the Road 2-1 bridge on the SRS and is filtered
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through a plankton net prior to use. Typical water quality

values for this creek are listed in Table I-i.

All-glass (1.5 L) culture dishes serve as culture chambers

for a "brood" stock. The dishes are thoroughly cleaned prior to

use and are covered while in use to prevent the entry of dust

and other contaminants. Cultures are kept in an incubator

(Lab-Line Instruments, Inc., Melrose Park, IL), with the tem-

perature maintained at 25 + 2 ° C. Water temperature is

continously monitored. Wide-spectrum fluorescent bulbs (Color

Rendering Index > 90) are used to provide a 16L:8D photoperiod.

Light intensity measured at the surface of the culture dishes

did not exceed 800 lux.

Brood-stock C. dubi______a(30 organisms/culture dish) were fed

every ._other day on a diet consisting of a mixture of algae

(Selenastrum capricornutum) and YCT (yeast, ccrophyll, fermented

8
trout chow). Approximately 1 x 10 cells/mL of algae and 5 mL

of YCT were added to each cu_!ture dish. A modified version

of Bold's Basic Media (Appendix i) was used to maintain uni-

algal cultures of S. capricornutum.

All culture dishes were examined at least three times per

week, and qual'ity assurance records were maintained for each

dish. Records include date the culture was started, source of

culture material, reproductive progress, presence of ephippia,

and other information ,on the condition of the culture deemed
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pertinent by the observer. The animals in these dishes served

as the source of neonate (_ 24 h old) daphnids used in both

acute and chronic toxicity tests. The first two broods were

discarded; only neonate daphnids obtained from later broods were

used in the toxicity tests.

2.2.2 Test Procedures

2.2.2.1 Collection of Water

Water from Upper Three Runs Creek served as the control and

diluent for both the acute and chronic toxicity tests conducted

on hydrogen uranyl phosphate. Water for all toxicity tests was

collected from the Road 2-1 bridge located on the SRS. Water

was collected prior to test initiation and was used within 72 h

of collection. New samples of water were collected once every

72 h. Upper Three Runs Creek water was collected on 28 June and

ii July 1989 for the acute toxicity tests and on 7 and ii July

1989 for the chronic toxicity test. Water was not filtered

prior to use in the acute toxicity tests, but was filtered

through a 30 _m plankton net prior to use in the chronic test.

Filtration removes potential predators from the diluent and is
_-_

recommended by Horning and Weber (1985).

2.2.2.2 48 h Ceriodaphnia dubia Static Renewal Acute

Toxicity Tests

Range-Findinq Test - A range-finding test was performed to

determine the concentrations of hydrogen uranyl phosphate to be

used in subsequent definitive tests. The range-finding test Q
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consisted of a control group and test groups of twenty neonate

daphnids, each of which was exposed for 48 h to one of seven test

concentrations. The stock solution was diluted to pre'pare nominal

dissolved uranium concentrations of 0 (control), 0.02, 0.04, 0.06,

0.08, 0.30 mg/L. Based on the results of this range-finding test,

a definitive test of 48 h duration was initiated to establish the

LC50 of the uranium compound.

Acute Toxicity Tests - The 48 h static renewal acute toxicity

tests were performed with and without food added to the test

solutions. The acute toxicity test with unfed test organisms was

initated on 29 June 1989 and ended on 1 July. The acute toxicity

test with fed test organisms was conducted from ii to 13 July

1989. All test solutions for these static renewal acute toxicity

tests were prepared daily by diluting the hydrogen uranyl

phosphate stock solution. The undiluted stock solution served as

the highest test concentration (i.e., 0.26 mg/L dissolved

uranium). Test concentrations used in the acute toxicity tests

were based on results of the range-finding test.

C. dubia were exposed to the following dilution series of

hydrogen uranyl phosphate in both acute toxicity tests:

0 (control), 0.I0, 0.13, 0.16, 0.20, 0.23, 0.26

mg/L dissolved uranium (nominal values).

Graduated cylinders and a variable pipetter were used to

transfer aliquants of chemical stock solution to 500-mL

volumetric flasks. The flask contents were then adjusted to 500
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mL with Upper Three Runs Creek water. Test solutions were

prepared from the lowest to the highest nominal concentration of

dissolved uranium using the same volumetric fla6k. The

concentration of dissolved uranium in each test solution of the

acute toxicity test with unfed test organisms was analytically

verified. Only the highest test concentration in the acute

toxicity test with fed organisms was analyzed for dissolved

uranium.

Test conditions are summarized in Table 2-1. Doro-

silicate glass beakers (250-mL) served as test chambers for the

static renewal acute toxicity tests. Two beakers were used per

test concentration, with ten ir_ividuals per beaker. A large-

bore, fire-Apolished, glass pipette was used to randomly trans-

fer ten neonate daphnids to each test chamber. When ten

individuals had been isolated, excess water was removed and i00

mL of test solution was slowly and gently poured into the

beaker. Following the addition of solution, the daphnids were

observed to verify they had not been damaged during transfer.

In the acute toxicity test with fed test organisms, a

_ixture of algul suspension and yeast-trout chow-cerophyll (YTC)

was added at a final concentration of 0.033 mL/mL test solution.

This was the same final concentration of food added to the

chronic toxicity test solutions. Organisms were fed at test

initiation and after the 24-h renewal.
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Table 2-1. SUMMARY OF TEST CONDITIONS: Ceriodaphnia dubia a
48 h static renewal acute toxicity test.

I. Test temperature 25 +_ 2° C

Ambient illumi-
2. Light quality

nation

3. Light intensity Ambient
laboratory levels

4. Photoperiod 16L: 8D

5. Test vessel
250-mL borosilicate

size/type glass beakers

6. Number of organisms I0

per vessel

7. Number of replicates 2 per concentration

< 24 h
8. Age of organisms

9. Total number of organisms 20

per concentration

I0 Aeration None_ unless DO
• is < 40% satura-

tion

Upper Three Runs Creek
II. Diluent water

12. Test duration 48 h

13. Effect measured Mortality (LC50 + 95%
confidence limits)

14. Chemical parameters DO, °C, pH,
measured on diluent and conductivity, hardness,

highest test concentration alkalinity (daily on
new and old solutions)

15. Chemical parameters DO, °C, pH, conductivity
measured on intermediate (daily on new and old
test concentrations solutions)

aAdapted from Peltier and Weber 1985.
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The acute toxicity tests were conducted in a temperature-

controlled, walk-in incubator maintained at 25 ± 2° C. Test

organisms were exposed to a 16L:SD photoperiod. ' Specific

conductance, dissolved oxygen concentration (DO), CaCO 3 hard-

ness, total alkalinity, and pH of the control and highest test

concentration were recorded at the beginning of each test and

at 24 h intervals. Dissolved oxygen concentration, pH,

temperature, and conductivity of intermediate test concen-

trations were measured and recorded at test initiation and at 24

h. Total alkalinity was determined by potentiometric titration

(APHA 1985), while the CDTA (cyclohexanediaminetetraacetic acid)

titrimetric method (APHA 1985) was used to measure CaCO_

hardness. Dissolved-oxygen concentrations were measured with a

YSI Model 58 DO meter (Yellow Springs Instrument Co., Yellow

Springs, OH), and a YSI Model 33 conductivity meter was used to

measure the conductivity of each test solution. The pH values

were determined with an Orion 399A pH meter.

Immobilization and death of the C. dubia were used as the

indicators of acute toxicity (Peltier and Weber 1985). The

criterion used to establish lethality was cessation of all

visible signs of mobility (e.g., no movement of second antennae,

thoracic legs, or postabdomen). Immobilization was defined as

the inability of the animals to move in the water column (ASTM

1984). A test was deemed acceptable if control organism

mortality was _ 10% (Peltier and Weber 1985).
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2.2.2.3 Seven-Day Ceriodaphnia dubia Static Renewal

Chronic Toxicitv Test

Organisms used in this test were _ 24 h old and born within a

4 h period. All test solutions for the chronic toxicity test were

prepared daily. The following concentrations were used in the

seven-day static renewal chronic toxicity test conducted with

hydrogen uranyl phosphate:

0 (Control), 0.0002, 0.0006, 0.002, 0.006, 0.02, 0.06,

0.12, 0.20 mg/L dissolved uranium (nominal).

To prepare the chronic toxicity test solutions, aliquants _f

the hydrogen uranyl phosphate stock solution were transferred to a

500-mL volumetric flask with pipettes or pipetters. The volume

was then adjusted to 500 mL with Upper Three Runs Creek water.

Test solutions were prepared from the lowest to the highest

nominal concentration of dissolved uranium. The dissolved uranium

concentration in the stock solution was determined on Day 5 of the

chronic toxicity test. Dissolved uranium was also measured on 8

July 1989 (Day 0) in all test solutions and daily in the highest

test concentration. Test solutions with nominal concentrations

0.006 mg/L were concentrated by a factor of ten prior to analysis.

Test conditions are summarized in Table 2-2. The chronic

toxicity test was initiated on 8 July 1989 and ended on 15 July.

Testing was performed in 20-mL cups (Solo Corp.) containing 15 mL

of test solution. Cups were assigned a randomized position in a
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Table 2-2. SUMMARY OF TEST CONDITIONS: Ceriodaphnia dubia a

seven-day static renewal chronic toxicity test.

I. Test temperature 25 ± 1° C

Ambient illumi-
2. Light quality

nation

3. Light intensity Ambient
laboratory levels

4. Photoperiod 16L:SD

5. Test vessel

size/type 20-mL plastic cups

6. Number of organisms 1

per vessel

7. Number of replicates 20 per concentration

8. Age of organisms _ 24 h
f

9. Total number of organ- 20

isms per concentration

i0. Aeration None, unless DO
is < 40% satura-

tion

ii. Diluent Upper Three Runs Creek
water

12. Test duration 7 d

13. Effect measured Mortality, reduced

young production
(NOEC and LOEC)

Oc alkalinity,
14. Chemical parameters DO, ,

measured on diluent and hardness, pH, conduc-

highest test concentration tivity (daily on new
solutions)

15. Chemical parameters DO, °C, pH, conductivity
Measured on intermediate (daily on old and new

test concentrations solutions)

aAdapted from Horning and Weber 1985.
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test tray which was maintained for the duration of the test. All

test trays were placed in an incubator maintained at 25 ± 1° C.

The incubator temperature was continuously monitored. Test

organisms were exposed to a 16L:SD photoperiod. Twenty individuals

were exposed to each test concentration and to the control

solution.

Large-bore, fire-polished, disposable glass pipettes were

used to transfer organisms. Test organisms were moved to fresh

test solution every 24 h, and all young produced during a test

were preserved with Lugol's solution (APHA 1985) for later

enumeration. Test organism mortality and presence of young were

recorded daily. Following transfer, the organisms were observed

to verify they had not been damaged.

Specific conductance, DO, CaCO 3 hardness, total alkalinity,

and pH were recorded for the new and old solutions of the control

and highest test concentration. Only conductivity, DO, pH, and

temperature measurements were performed on the new and old

intermediate test concentrations, The same methods used to monitor

water quality parameters during the static renewal acute toxicity

tests were used in the chronic toxicity test.

C. dubia were fed during each test by adding an aliquot of

algal suspension/YTC mixture (0.033 mL/mL) to each cup. YTC was

added to increase the protein content of the diet. The other

nutritional requirements of these organisms (e.g., vitamins,
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dietary lipids, minerals) were provided by the algal portion of

the diet.

The criterion for establishing lethality in the acute

toxicity tests was also used in the chronic toxicity test. On Day

7 of the chronic toxicity test, adult survival was determined,

and a count was made of the total number of young produced per

test organism. A test was deemed acceptable if control mortality

was _ 20% (Horning and Weber 1985) and if the average number of

young produced per control individual was _ 15 (SC DHEC 1988).

Chronic toxicity was determined to have occurred ,if

statistical analyses indicated that significant differences

existed between the cortrol and test organisms.

2.3 GLASSWARE PREPARATION

Ali glassware was cleaned before and after use. Glassware

was first rinsed with pesticide-free acetone, then with methanol

followed by methylene chloride. Following the solvent rinses,

glassware was soaked for 24 h in a 5% Contrad solution and rinsed
_-.

with deionized water. The glassware was air-dried, then soaked

for 24 h in 2% HNO 3. Deionized water was used in the final

rinses (5 times with deionized water) of the glassware. All

borosilicate-glass beakers used in the toxicity tests were

maintained separately from other laboratory glassware and were

used only for toxicity tests. Just prior to use, these beakers

were rinsed with dilution water.
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2.4 DATA ANALYSIS

The 48 h LC50 values were determined by the Trimmed Spearman-

Karber procedure (Hamilton et al. 1977, 1978).

Chronic toxicity test data were analyzed using Fisher's Exact

test, the Chi-Square test, Bartlett's test, one-way analysis of

variance (ANOVA), and Dunnett's multiple comparison test (Sokal

and Rohlf 1981, Zar 1984).

Adult survival data was analyzed by Fisher's Exact Test

(Sokal and Rohlf 1981) to determine if the percent survival in the

control group was the same as that observed in each test

concentration. If statistically significant differences were

detected in the percent survival of adults between the control and

any test group, then such groups represented two different

populations and could not _ be _compared further in statistical

analyses.

Additional statistical analyses, Chi-Square Goodness of Fit

and Bartlett's tests, were conducted to determine if the number of
L

young produced by C. dubia exposed to the control solution and

test exposures without significant mortality were normally

distributed and if the variances for this dat_ were homogeneous.

These conditions must exist to perform parametric tests such as

the analysis of variance (ANOVA) and Dunnett's multiple comparison

test.
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A one-way analysis of variance (ANOVA) was conducted to

determine if significant differences in offspring, production

existed between C. dubia exposed to the control solution and

hydrogen uranyl phosphate test solutions. If the results of this

test indicated that reproduction among various treatment groups

differed significantly, then Dunnett's multiple comparison test

was performed to identify those test _ solutions in which offspring

production was significantly less than that of control organisms.

Percent recoveries of dissolved uranium in test solutions

were calculated based on the nominal test concentration.

2.5 QUALITY ASSURANCE

Quality assurance procedures commonly followed in the NAI-SE

Aquatic Toxicology Division include the following:

i. Instruments are routinely calibrated and standardized
according to manufacturers' instructions. Control charts
are maintained for all measured parameters.

2. Wet chemistry methods used in determining hardness and
alkalinity are standardized according to US EPA
methods.

_-_.

3. Records are maintained of the age, productivity, quality
of food, and feeding regime of all organisms maintained
by NAI-SE.

4. Reference toxicity tests are performed on a routine basis
(at least twice monthly) to determine the acceptability
and sensitivity of test organisms. Reference toxicant
control charts are maintained for all test organisms
cultured by NAI-SE. Results of reference tests indicated
that the animals used in these tests responded in an
appropriate manner.
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3.0 RESULTS

3.1 48 H CERIODAPHNIA DUBIA STATIC RENEWAL ACUTE TOXICITY

TESTS

3.1.1 Acute Toxicity Test-Unfed Organisms

Results of the acute toxicity test with unfed test

organisms are summarized in Table 3-1. Partial test organism

mortality was observed in the control, 0.16, 0.23, and 0.26

mg/L dissolved uranium nominal test concentrations after 24 h

of exposure (Table 3-1). Complete mortality was observed in

the 0.16, 0.20, 0.23, and 0.26 mg/L dissolved uranium

exposures at test termination. Partial mortality was .

observed in the remaining test concentrations at test

termination. Control mortality at test termination equaled

5% (Table 3-1). Based on these test results, the nominal

48 h LCS0 for unfed test organisms equaled 0.12 mg/L

dissolved uranium (95% confidence limits = 0.ii to 0.13 mg/L

dissolved uranium; Table 3-1).

The results of basic water chemistry analyses performed

on all solutions used in this acute toxicity test are listed

in Appendix 2 (Tables 1 through 4).

3.1.2 Acute Toxicity Test-Fed Orqanisms

A 48 h static renewal acute toxicity test was conducted

to determine the effect of food (algae/YTC) on the toxicity

of hydrogen uranyl phosphate to C. dubia. Results of this
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test are summarized in Table 3-2. No test organism mortality

was observed in any test concentration after 24 h of exposure

(Table 3-2). At test termination partial mortality (i.'e., 5%)

was observed in the 0.26 mg/L dissolved uranium

exposure. Based on these test results, the nominal 48 h

LCS0 equaled > 0.26 mg/L dissolved uranium (Table 3-2).

The results of basic water chemistry analyses performed

on all solutions used in this acute toxicity test are listed

in Appendix 2 (Tables 5 through 8).

3.2 SEVEN-DAY CERIODAPHNIA DUBIA STATIC RENEWAL CHRONIC

TEST

Results of the seven-day _. dubia static renewal chronic

toxicity test are summarized in Table 3-3. Partial mortality

was observed by test termination among _. dubia exposed to

0.06, 0.12, and 0.20 mg/L dissolved uranium (Table 3-3).

Both brood and mean young production were substantially

reduced among organisms exposed to test concentrations Z 0.06

mg/L dissolved uranium compared to the control individuals

_.v

(Table 3-3) .

The results of Fisher's Exact test (Table 3-4) indicated

a significant difference existed in the percent survival

between the control group and C. dubia exposed to 0.20 mg/L

dissolved uranium.
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Table 3-4. "Fisher's Exact" Test Procedure for Adult Survival

Rate for Hydzogen Uranyl Phosphate.

Results of Fisner's Exact test conducted on the percent

survi,Jal of Ceriodaphnia dubia exposed to a control and eight

concentrations of hydrogen uranyl phosphate in the seven day

static renewal chronic toxicity test. Water from Upper Three Runs
Creek served as the control and diluent. All concentrations are

expressed as nominal concentrations of dissolved uranium.

8 - 15 July 1989.

H : The proportion of C. dubna survival in the control group is
o the same as that of C. dubia exposed to each of eight concen-

trations of hydrogen uranyl phosphate.

Ma: The proportion of C. dubia survival in the control group is
not equal to that of C. dubia exposed to each of eight concen-
trations of hydregen uranyl phosphate.

t

Critical b Significantly
Cgmparisun value value Different =

Control vs. 0.0002 15 19 N

Control vs. 0.0006 15 19 N

Control vs. 0.002 15 20 N

Control vs. 0.006 15 19 N

Control vs. 0.02 15 20 N

Control vs. 0.06 15 19 N

Control vs. 0.12 15 18 N

Control vs. 0.20 15 6 Y

ap = 0.05.
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The results of the Chi-Square Goodness of Fit and

Bartlett's tests (Table 3-5) indicated that data were

normally distributed and that the variances were homogeneous.

Therefore, parametric procedures were used to perform all

other analyses.

Results of the ANOVA test (Table 3-6A) indicated that

reproduction among the various treatment groups differed

significantly. Dunnett's multiple comparison test (Table 3-

6B) indicated that exposure of _. dubia to 0.0002, 0.006,

0.02, 0.06, and 0.12 mg/L dissolved uranium test con-

centrations resulted in a significant reduction in production '

of young when compared to reproduction of the control group.

A review of this data indicated that the response of the

test organisms deviated from the concentration-response

pattern typically associated with chronic toxicity tests. It

is not possible to determine if the reduced reproduction

observed in the 0.0002 mg/L dissolved uranium test

concentration is truly the result of exposure to hydrogen

uranyl phosphate or an aberrant response. However, based on

strict interpretation of the statistical results, the nominal

NOEC and LOEC for hydrogen uranyl phosphate equaled < 0.0002

and 0.0002 mg/L dissolved uranium, respectively. If the

response observed at 0. 0002 mg/L is atypical, then the

nominal NOEC equaled 0.002 mg/L dissolved uranium and the

nominal LOEC equaled 0.006 mg/L dissolved uranium (Table 3-
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Table 3-5. Chi-Square Goodness of Fit and Bartlett's Tests
for Hydrogen Uranyl Phosphate.

Results of a Chi-Square Goodness of Fit test and a Bartlett's test
conducted on the number of young produced by Ceriod_phnia dubia

exposed to hydrogen uranyl phosphate. In the seven-day static
renewal chronic toxicity test, water from Upper Three Runs Creek
served as the control and diluent. All concentrations are

expressed as nominal concentrations of dissolved uranium.

8 - 15 July 1989.

Chi-Square Goodness of Fit test:

calculated X 2 = 0.678

X 2 critical value (0.01,4) = 13.277

The data are normally distributed.

e

Bartlett's test:

calculated B = 18.40

X 2 critical value 0.01 [7, 18.62] = 18.48

The variances are homogeneous.
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Table 3-6. Analysis of Variance and Dunnett's Multiple

Comparison Tests for Hydrogen Uranyl Phosphate.

Results of a one-way analysis of variance (Table A) and one-

tailed Dunnett's comparison test (Table B) for the number of

young produced by Ceriodaphnia dubia exposed to hydrogen uranyl

phosphate. In the seven-day static renewal chronic toxicity test

water from Upper Three Runs Creek was used as the control and
diluent. A test to determine the minimum significant difference

detectable among these data was conducted (Table C). All

concentrations are expressed as nominal concentrations of
dissolved uranium. 8 - 15 July 1989.

Table A. One-way analysis of variance (ANOVA)

Ho: The mean numbers of young produced by C. dubia exposed to both
the control and seven concentrations of hydrogen uranyl phos-

phate are equal.

Ha: The mean numbers of young produced by C. dubia exposed to both

the control and seven concentrations of hydrogen uranyl phos-

phate are not equal.

Source d.f. S.S. MS F Critical F

concentration 7 3921.57 560.22 15.30 2.09

error 149 5455.74 36.62

total 156 9377.31
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Table 3-6 (continued). Analysis of Variance and Dunnett's

Multiple Comparison Tests for Hydrogen Uranyl Phosphate.

Table B. One-Tailed Dunnett's Comparison Test

Ho: Vc = va

Ha: Vc _ va

Comparison (Xc - Xa) SE lq' I P q'0.05(1),120,p

control vs. 0.0002 7.55 1.91 3.95 6 2.26

control vs. 0.0006 1.97 1.94 1.02 2 1.66

control vs. 0.002 3.60 1.91 1.88 3 1.93 ,

control vs. 0.006 5.76 1.94 2.97 5 2.18,
control vs. 0.02 4.65 1.91 2.43 4 2.08
control vs. 0.06 11.30 1.91 5.91 7 2.32

,
control vs. 0.12 16.65 1.94 8.58 8 2.37

Nominal NOEC = 0.002 mg/L dissolved uranium

Nominal LOEC = 0.006 mg/L dissolved uranium

Number of offspring were significantly different from control

(P = 0.05)

Table C. The minimum significant difference (MSD)

detectable among these data

MSD = 4 5

Ms-n=20 "
Un=f9 = 4.6

CQntrol mean = 29.6 young; 29.6 - 4.5 = 25.1
and

, 29.6 - 4.6 = 25.0

For this data set, a 15.3% (4.5 young) or 15.5% (4.6 young) reduc-

tion in C. dubia production of young could be detected. That is,

mean offspring production < 25.0 or 25.1 would be significantly dif-

ferent from offspring production of the control group.
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6B). A similar chronic toxicity test, performed 13 - 20

December 1988, determined the nominal NOEC and LOEC equaled

< 0.006 and 0.006 mg/L total uranium, respectively (Trapp and

Korthals 1989). Based on all information, it is recommended

that the _minal NOEC and LOEC for hydrogen uranyl phosphate

be reported as 0. 002 and O. 006 mg/L dissolved uranium,

respectively (Table 3-6B).

The minimum significant difference (MSD) test determined

that a 15.3 to 15.4% reduction in the mean number of

offspring from the control production (i.e., mean offspring

production of < 4.5 to 4.6) could be detected (Table 3-6C) .

among these data.

The results of all initial and final basic water chem-

istry analyses performed on all test solutions are listed in

Appendix 3 (Tables 1 and 2).

3.3 URANIUM ANALYSES

In this report all concentrations of uranium are

expressed in terms of the nominal concentrations of dissolved

uranium. The toxicity endpoints (i.e., LC50, NOEC, and LOEC

values) are converted to measured concentrations of dissolved

uranium in Tables 3-7 to 3-9.
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Concentrations of dissolved uranium measured in the test

solutions used in the static renewal acute toxicity tests are

summarized in Tables 3-10 and 3-ii. Results of uranium

analyses for the static renewal chronic toxicity test are

summarized in Table 3-12.

The mean percent recoveries of uranium in test solutions

of the acute toxicity test with unfed test organisms ranged

from 60.0 to 100.0% (Table 3-10), while in the test with fed

test organisms the mean percent recovery equaled 100% (Table

3-11). Percent recoveries of dissolved uranium in all test ,

solutions of the chronic toxicity test (Day 0) ranged from

66.7 to 150% (Table 3-12). The mean percent recovery of

dissolve_ uranium in the highest test concentration equaled

90.0% (Table 3-12).
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4.0 DISCUSSION

Results of the 48 h C. dubia static renewal acute

toxicity test with unfed test organisms (nominal 48 h LC50 =

0.12 mg/L dissolved uranium) were similar to that of a study

performed in November 1988 (nominal 48 h LCS0 = 0.II mg/L

total uranium; Trapp and Korthals 1989) on hydrogen uranyl

phosphate. Although the test results were similar, they are

not directly comparable since the reported units and the

physical form of hydrogen uranyl Phosphate were different in

the two studies. In the acute toxicity test performed in

November 1988, the hydrogen uranyl phosphate in the stock

solution existed as fine-particulate and dissolved compound,

whereas in the present test it was only in the dissolved form

(i.e., filterable through a 0.45 vm filter)

A 48 h LC50 could not be calculated for the acute

toxicity test to which food was added. The results

demonstrated the nominal LCS0 was greater than the

concentnation of dissolved uranium present in the stock

solution (i.e., > 0.26 mg/L dissolved uranium).

The results of the acute toxicity tests with fed and

unfed test organisms were substantially different. The

addition of food to test solutions decreased the toxicity of

hydrogen uranyl phosphate. The chemical form of the

dissolved uranium in the hydrogen uranyl phosphate test



solutions was probably that of an anionic phosphate complex

[U02(HP04)=; Langmuir 1978]. This anionic complex may have

been absorbed by the food added to the test solutions." Algal

mats, humic acids and other organic substances in natural

waters fix uranyl ions and have been reported to remove

uranium from the water column (Taylor 1983). In this

toxicity test with fed test organisms, a portion of the food

material settled to the bottom of the test chambers,

potentially removing uranium from solution. This phenomenon

may account for the difference in the results of the two

acute toxicity tests performed with hydrogen uranyl

phosphate. The results of these tests indicated that the '

addition of food may have had an affect on the toxicity of

hydrogen uranyl phosphate in the chronic toxicity test°

Chronic toxicity test results indicated that the nominal

NOEC and LOEC for hydrogen uranyl phosphate equaled 0.002 and

0.006 mg/L dissolved uranium, respectively. Although

differing with respect to the physical form (dissolved vs.

particulate) of uranium, these results were similar to that
_-.

of a chronic toxicity test performed in December 1988

(nominal NOEC = <0.006 mg/L total uranium, nominal LOEC =

0.006 mg/L total uranium; Trapp and Korthals 1989).
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5.O SUMMARY

Laboratory tests were conducted to determine the acute

and chronic toxicities of hydrogen uranyl phosphate. This

compound is present in an effluent discharged from the M-Area

Dilute Effluent Treatment Facility (DETF) into Tim's Branch,

a tributary of Upper Three Runs Creek. The waterflea,

Ceriodaphnia dubia, was used in all toxicity tests. These

organisms were reared in water collected from Upper Three

Runs Creek. This water also served as the control and

diluent for both the acute and chronic tests.

The results of both the acute and chronic toxicity tests

conducted on the hydrogen uranyl phosphate demonstrated that

relatively low concentrations of this compound (i.e., _ 0.12

mg/L dissolved uranium) adversely affected the organism C.

dubia (Table 5-1). Results of the acute toxicity tests also

demonstrated that the addition of food decreased the toxicity

of hydrogen uranyl phosphate (Table 5-1).
_._
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Appendix i.

Composition of Modified Bold's Media a

Major Components

Na

K

Ca

Mg

NO 3

PO 4
Cl

SO4

Minor Components

H3BO3
EDTA

Fe (II)
Zn (II)

Mn (II)

cu (II)
Mo (VI)
Co (II)

4

Vitamins

Thiamine Hydrochloride
D-Pantothenic Acid, Calcium

Biotin

Cyanocobalamin (BI2)

aArthur L. Buikema, Jr., pers. comm.



APPENDIX 2

Water Chemistry Data for 48 h

Acute Toxicity Tests



Table 1. Initial basic water chemistry for a 48 h Ce_iodaphnia
dubia static renewal acute toxicity test conducted on

hydrogen uranyl phosphate. Test organisms were not fed
during the test. Work was performed for Westinghouse

Savannah River Company, Aiken, SC. Upper Three Runs
Creek water served as thecontrol and diluent. 29 June
1989.

Concen- Dissolved Temper- Alka- Conduc-

tratio_ Oxygen a_ure iinity pH Hardness tiv ity

fmq/L) = _mu/L) {-C) fmq CaCO3/L) (mq CaCO3/L) _mS/cm)

Control 7.71 24.4 2.0 5.80 3.0 0. 015

0.10 7.77 24.2 5.80 0.020

0.13 7.82 24.3 5.90 0. 020

0.16 7.73 24.4 5.90 0.020

0.20 7.74 24.4 5.85 0.020

0.23 7.87 24.5 5.90 0.020

0.26 7.80 24.3 2.0 5.85 2.0 0.020

amg/L dissolved uranium (nominal concentrations).



Table 2. Basic water chemistry for a 48 h Ceriodaphni_ dubia
static renewal toxicity test conducted on hydrogen

uranyl phosphate; 24 h readings. Test organisms were
not fed during the test. Work was performed for

Westinghouse Savannah River Company, Aiken, SC. Upper
Three Runs Creek water served as the control and

diluent. 30 June 1989.

Concen- Dissolved Temper- Conduc-

tratio_ Oxygen a_ure pH tivity
(ma/L) --- (ma/L) _-C) (mS /cm)

control 6.98 24.3 5.70 o. 015

o. i0 6.97 24.2 5.80 o. 030

o. 13 6.89 24.2 5.90 o. 025

0.16 7.11 24.4 5.90 0.025

0.20 7.09 24.3 6.00 0.020

0.23 7.09 24.5 6.00 0.025 ,

0.26 7.10 24.0 5.95 0.020

amg/L dissolved uranium (nominal concentrations).



Table 3. Basic water chemistry for a 48 h Ceriodaphnia dubia
static renewal acute toxicity test conducted on hydrogen

uranyl phosphate; initial reading on renewal sample. _

Test organisms were not fed during the test. Work was

performed for Westinghouse Savannah River Company,
Aiken, SC. Upper Three Runs Creek water served as the
control and diluent. 30 June 1989.

Concen- Dissolved Temper- Alka- Conduc-

tratio_ Oxygen a_ure linity _ pH Hardness tivity
(ma/Li = (ma/L_ C-C) (mq CaCO3/L) _mq CaCQ3/L_ {mS/cm)

Control 6.60 24.1 2.0 5.80 3.0 0.015

0.I0 6.58 24.2 5.95 0.015

0.13 6.70 24.2 5.90 0.015

0.16 6.78 24.3 5.85 0.015

0.20 6.81 24.3 5.80 0._15

0.23 6.99 24.3 5.85 0.015

0.26 7.11 24.2 1.0 5.85 2.0 0.020

amg/L dissolved uranium (nominal concentrations) .



Table 4. Basic water chemistry for a 48 h CeriodaDhnia dubia
static renewal toxicity test conducted on hydrogen

uranyl phosphate; 24 h readings on renewal sample. Test
organisms were not fed during the test. Work was

performed for Westinghouse Savannah River Company,
Aiken, SC. Upper Three Runs Creek water served as the

control and diluent. 1 July 1989.

Concen- Di ssolved Temper- Conduc-

tra t ioB Oxygen a_ure pH t iv ity
(mq/L )-_ (mq/L) (-C) (mS/cm )

Control 6.87 24.1 6.40 0. 015

0. i0 6.51 23.8 6.45 0. 020

0.13 6.11 23.8 6.45 0.020

0.16 6.29 23.7 6.45 0.025

0.20 6.62 23.8 6.45 0.025

0.23 7.04 23.7 6.40 0.020 t

0.26 6.99 23.7 6.40 0.020

a
mg/L dissolved uranium (nominal concentrations).



Table 5. Initial basic water chemistry for a 48 h Ceriodaphnia
dubia static renewal acute toxicity test conducted on

hydrogen uranyl phosphate. Test organisms were fed

during the test. Work was performed for Westinghouse
Savannah River Company, Aiken, SC. Upper Three Runs

Creek water_servedasthecQntrol and diluent. II July •
1989.

Concen-- Dissolved Temper- Alka- Conduc-'

tratio_ Oxygen a_ure linity pH Hardness tivity
(mq/L)- (m_/L) _WC) _mg CaCO3/L) (mg CaCO3/L_ _mS/cm) _

Control 7.90 24.0 1.0 6.05 4.0 0.015

0.i0 7.89 24.9 5.70 _ 0.015

0.13 7.96 24.8 5.80 0.015

0.16 7.95 24.8 5.90 0.015

0.20 7.95 24.8 6.00 0.QI5

0.23 7.92 24.7 6.00 0.015

0.26 7.92 24.6 <0.05 6.05 2.0 0.015

a
mg/L dissolved uranium (nominal concentrations).



Table 6. Basic water chemistry for a 48 h Ceriodaphnia dubi_____aa

static renewal toxicity test conducted on hydrogen

uranyl phosphate; 24 h readings. Test organisms were

fed during the test. Work was performed for
Westinghouse Savannah River Company, Aiken, SC. Upper
Three Runs Creek water served as the control and

diluent. 12 July 1989.

Concen- Dissolved Temper- Conduct-

tratio_ Oxygen a_ure pH ivity
(mq/L_ = (mq/L) (-C) _mS/cm)

Control 7.58 24.0 6.10 0.015

0.I0 7.52 24.3 6.25 0.015

0.13 7.57 24.4 6.25 0.015

0.16 7.52 24.4 6.25 0.015

0.20 7.68 24.1 6.25 0.015

0.23 7.56 24.3 6.30 0.015 ,

0.26 7.57 24.5 6.30 0.015

amg/L dissolved uranium (nominal concentrations).



Tab.le 7. Basic water chemistry for a 48 h CeriodaDhnia dubia
static renewal acute toxicity test conducted on hydrogen

uranyl phosphate; initial reading on renewal sample.

Test organisms were fed durinq the test. • Work was

performed for Westinghouse Savartna_ River. Company, ,

Aiken, SC. Upper Three Runs Creek water served as the
control and diluent. 12 July 1989.

Concen- Dissolved Temper- Alka- Conduc-

tratio_ Oxygen a_ure linity pH Hardness tivity

(mg/L_--(mq/L) (-C) (mq CaCO3/L) ....... _mq CaCO3/L) - (mS/cml

Control 7.78 24.0 1.0 5.95 4.0 0.015

0.i0 7.54 24.0 5.80 0.015

0.13 7.43 24.2 5.80 0.015

0.16 7.57 24.3 5.90 0.015

0.20 7.58 24.2 5.95 0._15

0.23 7.59 24.4 6.00 0.020

0.26 7.85 24.0 1.0 6.00 2.0 0.020

amg/L dissolved uranium (nominal concentrations).



Table 8. Basic water chemistry for a 48 h Ce[iodaphnia dubia

static renewal toxicity test conducted on hydrogen

uranyl phosphate; 24 h readings on renewal sample. Test
organisms were not fed during the test. Work was

performed for Westinghouse Savannah River Company,

Aiken, SC. Upper Three Runs Creek water served as the

control and diluent. 13 July 1989.

Concen- Dissolved Temper- Conduc-

tratio_ Oxygen a_ure pH tivity
(m_/L)-- _mq/L) _-_ (mS/cm)

Control 7.55 24.6 6.00 0.015

0.I0 7.46 24.4 6.15 0.015

0.13 7.43 24.6 6.20 0.015

0.16 7.41 24.5 6.30 0.015

0.20 7.10 24.6 6.35 0.015

0.23 7.30 24.5 6.40 0.015 ,

0.26 7.53 24.1 6.40 0.015

a
mg/L dissolved uranium (nominal concentrations).



APPENDIX,3

Water Chemistry Data for Chronic

Toxicity Test
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1

I. INTRODUCTION

Acute and chronic toxicity tests were conducted August 17 - 19, 1989

and September 2 - 9, 1989, respectively, far the Savannah River Site

to assess the acute and chronic toxicity of the hydrogen uranyl

phosphate to CeriodaDhnia dubia.

II. METHODS

Dilution water for the toxicity tests was collected August 9, 1989

(Lab I.D. 89-2249) from Upper Three Runs Creek at the northside of al

bridge on Road 2-1 on the Savannah River Site by SHEALY ENVIRONMENTAL

SERVICES, INC.'s .personnel and returned iced to the laboratory the

same day. The water was filtered with a plankton net (37 um mesh).
t

Only one batch of water was used for the acute and chronic testing

because of the appearance of sporatic toxicity in the Upper Three Runs

Creek water collected at that location. Cerio_aphnia for the acute

and chronic tests had been cultured in water from Upper Three Runs

Creek since October 25, 1988.

A. Preparation of Test Solutions

Uranium concentrations were prepared by ANALYTIKEM, INC. on July 31,

1989 (Lab I,D. No. 89-2178), and sent to SHEAL¥ ENVIRONMENTAL

SERVICES, INC. for use in the toxicity tests. These hydrogen uranyl

phosphate solutions were •only used for the initial range-finding tests

August 3 - 5, 1989 and were found to be too low. Subsequent uranium

solutions were prepared from a stock uranium solution of 1.05 ppm

urannium (from 2000 ppm hydrogen uranyl phosphate filtered through



0.45 um filter) prepared by ANALYTIKEM, INC. August 4, 1989 (Lab I.D.

No. 89-2201).

B. Range-Finding Tests

Range-finding tests were conducted August 3 - 5 and August 15 - 22,

1989, with concentrations ranging from 0.012 to 0.3 ppm uranium

(Table i). These tests were used to determine test concentrations for

the definitive acute and chroni: toxicity tests.

C. Acute Toxicity Test

Test methods conformed to those described in USEPA (1985a; see Table

2). The 48-hour acute toxicity test was conducted August 17 - 19;

1989, with the following uranium concentrations: 0.I0, 0.15, 0.20,

0.25, and 0.30 ppm uranium. For the control, 100% dilution water was

used.

All organisms used in the toxicity tes£s were from SHEALY

ENVIRONMENTAL SERVICES, INC.'s in-house cultures with the original

stock culture obtained from the USEPA Newton Laboratory April 20,

1987, Lab I.D. No. 87-271. Ceriodaphnia from in-house cultures are

identified and preserved monthly. Standard toxicant tests with the
l

EPA reference toxicant cadmium chloride and laboratory reagent grade

cadmium chloride are performed twice monthly on ceriodaphnia cultured

in water from Upper Three Runs Creek and in conjunction with the

chronic toxicity tests. The results of these tests demonstrated that

the condition of the cultures were within the acceptable range

_.._.._ ._.. ...._ = ..138 ppm, TT_mmv T_m_t = n 25, Lower Limit = 0°03

=





Table 2: Summary of test conditions for the acute toxicity
bioassay with Ce;io_aDhnia u_

i. Temperature: 25 ± l°C ,

2. Light Intensity: Ambient laboratory levels

3. Photoperiod: 16 h light/8 h dark

4. Size of test vessel: I00 ml beakers

5. Volume of test solutions: 50 ml

6. Age of test organisms: 2-24 hour neonates

7. No. animals per test
vessel: 1

8. No. replicate test
vessels per
concentration: 2

f

9. Total no. organisms
per concentration: 20

10. Feeding regime: No feeding required.

ii. Aeration: None, unless D.O. falls
below 40% saturation, at
which time gentle single-
bubble aeration started.

12 Dilution water: Upper Three Runs Creek
Water at the Savannah
River site Road 2-1.

13. Test duration: 48 hours (Static,
nonrenewal)

14. EffeCt measured: Mortality - no movement
of appendages on gentle
prodding.
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ppm). Test solutions and the controls were prepared in 50 ml

quantities in all-glass test chambers. All concentrations and the

controls were tested in duplicate with ten ceriodaDhni_ _ neonates

(less than 24 hours old) each. The hydrogen uranyl phosphate compound

was prepared by SHEALY ENVIRONMENTAL SERVICES, INC.'s personnel using

a procedure provided by Dr. John Pickett by mixing uranyl nitrate and

phosphoric acid on a 1 mole U to 1 mole PO4 ratio and neutralized to a

pH of 6 - 7 standard units with sodium hydroxide- The compound was

stirred for 15 minutes and the precipitate filtered through a #40

Whatman filter paper. The compound was then rinsed three times with

deionized water and dried overnight at I05°C. This compound was sentt

to ANALYTIKEM, INC., for preparation of a uranium stock solution for

testing. All of the definitive acute and chronic toxicity tests were

conducted using this stock solution of 1.05 ppm uranium which was

obtained by filtering 2000 ppm hydrogen uranyl phosphate through a

0.45 um filter. The test concentrations were prepared by dosing the

dilution water with the appropriate aliquot of the uranium stock

solution using Class A volumetric pipets. After all testing was

completed, the uranium stock solution was preserved with 10% metals

grade nitric acid and returned to ANALYTIKEM, INC. for verification

that the uranium stock had not dissipated. The uranium content was

verified on September 29, 1989 to be 1.0 ppm uranium.

Dissolved oxygen, water temperature, pH, conductivity, total

alkalinity and hardness measurements were made in conjunction with the

test. Temperature was maintained at 25°C + l°C in all test chambers.
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The test organisms were placed singly in the test vessels each

containing 50 ml of solution. Transfer of the neonates was

accomplished using an eye dropperwhere the organism was never removed

from solution. '

Test chambers were examined every 24 hours for immobile Ceriodaphn_a.

Immobile animals were examined with a stereoscope (60X) and were

considered dead if no appendage activity could be observed after

gentle prodding.

D. Chronic Toxicity Bioassay

Test methods conformed to those described in USEPA (1989; see Table

3). The 7-day chronic toxicity bioassay was performed September 2 -

9, 1989, as six treatments exposing I0 test organisms each. The

treatment was the control (100% filtered Upper Three Runs Creek

Water). The uranium solutions were 0.020, 0.015, 0.050, 0.065, and

0.080 ppm uranium, test solutions were prepared from the stock

uranium daily by do_ the dilution water with the appropriate

aliquot using Class A _olumetric pipets.

Dissolved oxygen, water temperature, pH, and conductivity measurements

were made daily in conjunction with the test. Temperature was

maintained at 25oC ± loC in all test chambers during the test.

The test organisms were exoosed to each treatment in individual test

chambers. The test organi s were placed singly in the test vessels

each containing 15 ml of solution. Transfer of the neonates was



Table 3: Summary of test conditions for the chronic toxicity
bioassays with _eriodaDhnia dubia conducted
September 2 - 9, 1989.

!

i. Temperature: 25°C _ l°c

2. Light intensity: Ambient laboratory levels

3. Photoperiod: 16 h light/8 h dark

4. Size of test vessel: 1 ounce SOLO plastic
disposable cups

5. Volume of test solution: 15 ml

6. Age of test organisms: 2-24 hour neonates and ali
released within the same

eight hour period

7. No. animals per
test vessel: 1 .

8. No. replicate test
vessels per
concentration: I0

9. Total no. organisms
per concentration: i0

i0. Feeding regime: Selenastrum _aprico_utum at
the rate of 500,000 cells per
ml test solution per day

ii. Aeration: None

12. Dilution water: Upper Three Runs Creek Water
collected at the S_vannah River
Site Road 2-1; Filtered through

-- plankton net.

13. Test duration: 7 days

14. Effect measured: Mortality - no movement of
appendages on gentle prodding
a_Id number of offspring

produced.

15. Test acceptability: 80% orgreater control survival
and an average of 15 or more
young/surviving female



accomplished using an eye dropper where the organism was never remov_
from solution.

Test chambers were examined every 24 hours for immobile C@riodaphnia

and number of offspring produced. Immobile animals were examined with

a stereoscope (60X) and were considered dead if no appendage activity

could be observed after gentle prodding. Each day after reproduction

counts had been recorded each female was transferred to anewcup with

fresh solution. The organisms were between 2 and 8 hours old at the

start of the test. All Ceriodaphnia were fed the green alga

Selenas_rum capricornutum at a rate of approximately 500,000 cells per

ml. per day in each solution. Selena_trum cultures were obtained from

Carolina Biological Supply Company and Cultured in natural spring

water and Alga-Gro media in 1-1iter cotton-plugged Erlenmeyer flasks

and maintained under bright fluorescent lighting for 4 - 5 days. Test

chambers were incubated for temperature control with photoperiod held

at 16 hours of light and 8 hours of darkness. Randomization of test

animals in the incubator and on the test trays was established based

on random number tables.

III. RESULTS

A. Acute Toxicity Bioassay

The results of the 48-hour acute toxicity bioassay are given in Table

4. Mortality occurred in the 0.15 (30% mortality), 0.20 (55%

mortality), 0.25 (70% mortality), and 0.30 (100% mortality) ppm

uranium solutions.



Table 4: Number and percentage of ceriodaDhni_ showing effect (death)
during the 48-hour static renewal bioassay to determine the
acute toxicity of hydrogen uranyl phosphate to CeriodaDhnia

_i_- Concentrations prepared from 1.05 ppm uranium stock
(2000 ppm hydrogen uranyl phosphate). Ten test organisms per
replicate.

Test Number Dead After %
Concentration Replicate 24 Hours 48 Hours Mortality

A 0 0
0%

Control
B 0 0

(ppm)

A 0 0
0%

0. I0 B 0 0
t

A 0 2
30%

0.15 B 0 4

A 0 4
55%

0.20
B 0 7

A 2 8 .
70%

0.25
B 4 6

A ' 3 I0
100%

0.30 B 5 i0



I0

No mortality occurred in the 0.!0 ppm uranium or the control. These

data were used to determine a 48-hour .C50 (median lethal

concentration) value with the Probit Method (EPA, 1989). This

calculation resulted in a 48-hour LC50 of 0.19 ppm uranium with 95%

confidence limits of 0.17 and 0.21 ppm uranium.

Water chemistry data taken in conjunction withthe acute bioassay are

given in Table 5. All parameters monitored were within acceptable

limits for bioassay purposes.

B. Chronic Toxicity Bioassay
t

The results of the 7-day chronic toxicity test are given in Table 6.

Mortality occurred in the control (10% mortality), 0.020 ppm (20%

mortality), 0.035 ppm (10% mortality), 0.050 ppm (30% mortality),

0.065 ppm (40% mortality) and 0. 080 ppm (70% mortality) uranium

concentrations. Reproduction in the control averaged 17.4 offspring

• per female.

t



II
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TABLE 6: REPRODUCTION/MORTALITY DATA FOR THE CHRONIC TOXICITY+ TEST FOR

HYDROGEN URANYL PHOSPHATE (Teste_ 09/02 - 09/09/89)

L=Live (CONCENTRATIONS IN _ERMS OF PPM OF URANIUM)

D=Dead

CQnc. Day A+ _B C D E F U l H I l J

........................................,ooooooo1.....o:oi.....o
2 0 _0 0 0_ 0 0 0 _ 0 0 0

...... o- -_-I I3 4 0 0 0 0 0 0 0

..... I I6 2 i0 5 6 4 2 3 8 I0.....................•............,........,....,
7 I0 4 16 6 7 i0 1 9 6 1 0 I

.................................I........I....ITOTAL 21 21 23 21 16 3 19 14 19 17

.................................I+......I"-IADULT L L L L L D L L

i

i

X= 17.4 S.D. = 5.7 CV= 33.0%

L=Live

D=Dead

I,FIooloolooooo°L......... I................... I................
. _ ;I o o o o + o o o o

o+ooo oooo
I_IIoI_I_ _ o o ,o°
I + II _1-I- °1 _ +1+ -°, ° _J

•m, ._. e _ lm. _mD ,_,_ ,,,m.,,mm,,mm,_ _i.m ,,mm,_ _ _ .m _ i, qmm, _ .mm,m. am, wmm.,mmm,mmmge _ lm,mmm qmm, _m _.mmmm_ _,wD _ m.m

i

X= 14.4 S.D.= 7.7 CV= 53.4%
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TABLE 6: REPRODUCTION/MORTALITY DATA FOR THE CHRONIC TOXICITY TEST FOR

HYXYROGEN URANYL PHOSPHATE (Tested 09/02 - 09/09/89)CONTINUED

L=Live (CONCENTRATIONS IN TERMS OF PPM OF URANIUM)
D=Dead

conc. iDa_ !IA

......... I_-1--11--0-I-]50-I C ' D ' E ' F ' G ' H ' I ' J '--o-I--o-I--;-I--o-I--;-i--o-I--;-i--o-1i

l--;--iI--o-I......;-I--o-i--o-I--o-i--;-I--o-i-:;-I--;-II
Uranium , 3 , _05_ --0--1--O-1--O-l--O-I--0-1--O-I--;-l--O-I

l--;--i:Zi: I
I..... [

.........i.....i ....I....i....I....i----i....i....I....II
mm om ,m _m i am I |_ml mm m am n, ,m mm ,m I mo am mm ,m m, mm I m i ,m I m _ m | III m _ I I I lm m | I m I | _

.,.,.

X= 13.3 S.D.= 5.6 CV = 42.2%
_mm

_i_mn_e_mm

L=Live
D=Dead

I 0 0 0 0 0 0 0 0 0 0

o.o_o_o_i o olo oIoIo o o o oll
_*_n__1 ° '1 ° _1_1° ° _ ° °11

'1 " _1° _l _1°_--------°----°----_----_11
2 4 - 3 0 D/5

________________ I'

......... ADULT L L D L L L

X= 14 .9 S .D. = 5 .8 CV= 38 .7%
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TABLE 6: REPRODUCTION/MORTALiTY DATA FOR THE CHRONIC TOXICITY TEST FOR
HYDROGEN URANYL PHOSPHATE (Tested 09/02 - 09/09/89) CONTINUED

L=Live (CONCENTRATIONS IN TERMS OF PPM OF URANIUM) Ol_Dead

'l°a li  IcI ° II 1 0 0 0 0 0 0 0 0 ' 0 0

iIiooloiooloooooL0. 065 ppm ........................................... I
Uranium 3 0 0 4 0 0 0 0 0 0 0

i----qm

I _ li _ 0,0101 _ ,10 , ____°.___0.___,_.immJs mm n (mmm le e(mm mnu | m II mm mma aimm u gmDu I mmmm! am, ma .

(_))_ _ )_N) m)i_ , m_i mmmm mmmm mm mlmm m m m eN mliRRD mN

mm.mmm m mmmm mmmmm mm,mo,mm mmlmm mmmm mmmm mmmm

TOTAL 15 0 8 9 14 12 21 9 9 n

i_o_ll_oloi_ _L_ _ o _ _
X= 10.8 S.D.= 5.5 CV= 50.5%

------m--i----------

L=Live

D=Dead

 ono. o I I
I 10 0,00::i: 000.080

--_-, --_- 0 0
ppm

Uranium 3 0 0 2 0

5 0 DIo 5 D/O --3 O- D/O 0

I: ,:::::i°Io --;---x-[;j;-_,_
I ....'........i....i............1------_-- -------- I ----m-- -------- | .

TOTAL 7 5 15 0 l II 0 18 0 0 13

!_ LT...... D m ............D L D !- _m.J----D--I-'_0-1-D -- -_-- -D-- I......... -.......I....I............i _)b_______ m m______ am m -- ------,_, ao----------'m _-- _

X= 6 •9 S .D •= 7 .0 CV= 101%
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Average reproduction in the uranium solutions was as follows:

Offspring
Per % .

Female Mortality

Control = 17.4 i0

0.020 ppm U = 14.4 20

0.035 ppm U = 13.3 i0

0.050 ppm U = 14.9 30

0.065 ppm U = 10.8 40

0.080 ppm U = 6.9 70

U = uranium

The reproduction data were tested for normality using the Chi-Square

Goodness of Fit Test and for homogeneous variances using Bartlett's

test. Log transformed data were found to be normally distributed

(Chi-Square = 8.14, critical value = 55.76) and with homogeneous

i variances (Bartlett's Test p value = 0.822, p = 0.01). Statistical

analyses of the results using Dunnett's Multiple Comparison Procedure

indicated chronic toxicity at the 0.065 uranium concentration. The no

observed effect concentration (NOEC) was 0.050 uranium while the
--

lowest observed effect concentration (LOEC) was 0.065 uranium. The

chronic value (ChV), taken as the geometric mean of the NOEC and LOEC,
-- _-v

_

was 0.057 uranium. Acute toxicity was observed at the 0.080 ppm

uranium concentration.

Water chemistry datataken in conjunction with the chronic toxicity

test are given in Table 7. All parameters monitored were within

acceptable limits for bioassay purposes.
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TABLE7: WATERCHF.X|STRTDATAFORTHEC3111_ZCTOXrCTI_TESTF4_ HIYDI_GENLIRAI_LPHOSPHATE
(TESTED09/02 - 09/09/69) 'OOHTIIa.IEO

o ,i,,m_,bq m ,w

I OAY1 i OAYZ I OAYZ I DAY4 I OATS I OA_6 I OAT7 II
(:ORC. I Pllrllmter IlZn|t.I old Iremml oLd Irm,u I old Irene, I old IreneuI old Iren*ul old Iren*,l otd Ireneull

---------I"--""_" I I"" I"" I"" I""1"'" I"" I"-" I''" I"" I"'1"--" I'"!"_ I"" I'" II
1o.o.ctx:m) IIT.ss IT.so17._ 17.7o17.7o17._ 17.ao17.¢ola.lo 17.sola.ooIs.ooI1_.1s17.soI II

o.oso_1 ................ li ..... I ..... I..... , ..... I..... I..... I..... I ..... I..... I ..... I..... I ..... I ..... i ..... I ..... II
uraniu=lm csu) 116.80I _16.73I 16.55I 16.36I i6.20 I 16-11I _, 16.0_I I II

I................ II ..... I..... I ..... I ..... I..... I ..... I..... I ..... I..... I ..... I..... I ..... I ..... I ..... I..... II
tlfl_llml_l_ll_-- ------ *ll_tllHHIIIH_lllllllllllllllHImll__llllH--_;i_lllHIH|lllmHli

t

J DAY1 I OAYz I DAY3 I DAY_ I OAYS I OA_6 I DAY7 II
Corm. I Parmeter IlXnit. I oLd IrenewI old [reneul otcl Ireneul oLd Ireneul oLd IrenewI oLd Irenewl oLd Irenewll

ID.O. ¢ppm) 117.6o17.90 18.10 17.60 17.90 17.70 17.95 17.60 18.20 17.70 18.00 18.05 18.10 17.9oI II
o.o6sppml................ II ..... I..... I ..... I..... I ..... i..... I ..... I ..... I ..... I..... I ..... I..... i..... I ..... I'"" II
UraniumlM CSU) 116.76I 16.70I 16.S7I 16.3SI 16.18I 16.14I 16.00I I II

I ................ il ..... I..... I..... I..... I..... I..... I ..... I'''"l ..... I..... I ..... I..... I ..... I ..... i..... II
|| | ==|EI_"_I_AIII_|II| =||1||1||11||||I1_ ---- _||||181111 II|ll|_ll||l||lt t_ll|tlll|_|||_- _|_|=|==|

I DAY1 I DAY2 I DAY3 I OA_4 I nAy5 I DAY6 I D_Y7 II
Conc. I Parameter IlXntt. I old Irene,Iotd IrenewI old Irene_lold Irm_ewloCdIrenewI old IrenewIoldIreneull

=====_-===1.=====.==,--..II.....!.==..I..=--I--_.1-==-=1.===- I=-=-=!=---- I-=--=I-----I,=_-I-----I--==1---=.1--=-- I I
ID.O.CPm) 117.7017._0IS._Or7.7017.907.7_ is.oo17.sois._o 17._018.10is.oola.Zo17.9oI II
I .............. --II ..... I ..... I..... i..... I.......... I ..... I..... I ..... I..... I..... I..... I..... I ..... I ..... li
lp" csu) 116.s7 I 16-61 16.54 16.40 I 16.17 I 16.19 16.00I I II

0.0_0P_I ................ II ..... I ..... I.......... I.......... I ..... I..... I ..... I..... I .......... I ..... I ..... I..... II
UraniumIAtk.(ppmCa¢03) II 3.Ol I I i I I I I I I I II

I ................ II ..... I ..... I.......... I.......... I ..... I..... I ..... I..... I .......... I ..... I..... I ..... II
I,ard.(PmCaCO_)llS.OI I I I I I I I I I I II
I ................ II ..... t ..... 1.......... I.......... I ..... I ..... I ..... I ..... I .......... I..... I..... i ..... II
Icon_.cum_os/r..m)I I_.Z.oI I I I I I I I I I I II
I ................ II ..... I ..... I..... I..... I.......... I..... I ..... I ..... I"'"1 ..... ..... I..... I ..... I ..... II

_||l_|_|_|_l8$_|_|||_||_|_|_||t|_|||_||_|||__|||_||_||_|_|_l_|_|l___||_3_l
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T,_ILE 7: 1_T_l CliEPIISTRY04TA _ TIE _liRalllC TaXI.CITYTEST _ il_ROC_JI URAknrLPHOSPHATE

(TESTED09/02 - 09/09/89)
oe e e._. et o _eot emeho olewew eP,nePeoe_w_Bog _ oQ- _

I oar1 I DAy21 OAT31 OkV+l OATSl OAT61 OATTI
Conc. Pirimttor JJZnit. J old JrenewJ old Jrene.J old Irene.!old Irent.i otd Iren_l otd Jrenew I old jrenewJ

........ _-_-----.... ____j i.....I.....j.....I.....I.....I.....j...., j...-.j.-_-I---.-J--.--i----I-----t----- i----I
D.O. (ppa) J17.50 17.90 J8.00 17070 17.60 17.60 17.70 J7.70 18.00 17.60 18.10 17.90 [8.20 J7.90 J J

................ II ..... t..... I..... I..... I..... I..... !..... I..... I..... i..... J..... I..... I..... I..... I..... I
controt _ (su) 116.61 I J6.83I 16.80I 16.80 I 16.25 J 16.39 16-21 I J J

................. II...... !...... I..... I..... I..... I..... I...... I..... I..... I..... I..... t..... I..... I..... I..... I
( oz ) ALk.Cm=caco3)II 3.01 J J J J J J J J J J J J J

ii ..... I..... I..... I..... I..... I..... I..... I..... I..... I..... I.......... I..... I..... I..... I
.ard.Cpmcac_3)ll5.1 I I I I I I I I I I I I I I
................ II ..... I..... I..... I..... i..... I..... I..... I..... I..... I..... I..... I..... I..... I..... i...... I
cond.c.mos/cm)112z.oI I I I i I I I I I I I i I I
................ II ..... I..... I..... I..... I..... I..... I..... !..... I..... I..... I..... I..... I..... I..... I---I

Temperature _8s maintained at 25 C + 1 C dur|ng test.

1

I OAT1 I DAY2 I OAY3 I OAT+ I OAT5 I O_T6 OAY7 I
Conc. J Parameter lxnit, l otd lrene-l otd lreneul otd Jrene.J otd IreneuJold lrem',,lotd lreneu old Jrene.J

ID.O.(mm) 17.6017.7018.0017.6017._017.7017.7017.+018.;017.7017.90lP.m+18.20I_._0I I
0.020ppml................. I..... i..... !..... I..... I..... I..... I..... I..... I..... I..... I..... I..... I.......... I..... I
ur_n|umlP"(su) 16.87I 16.8'tI 16.33I 16.32I 16.27'1 16.3_I 16.'t9 I I

I "'" I..... I..... I..... I..... I..... i..... I..... I..... I..... I..... I..... I..... I..... l..... I..... I

+

........ J..., .. o.. 0,....

J DAY 1 I DAY2 I DAY 3 I DAY6 I DAY 5 I DAY6 I DAY7 II

Conc. J Parameter lxn+t.l otd lrenewl otd lrene.l old lrenemJold Irene.l otd Irene.l old lrene.J otd Irenewll
.... ======================::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

I0.0. (ppm) 17.5517.8017.9017.7017.7017.70i_.8017.+018.1017.8018.0018.0018.1517.80I II
o.o3spml................ I..... I..... I..... I..... I..... I..... I..... I..... I..... I---:-I ..... I..... i..... I..... I..... ii
UraniumIpH(SU) 16.39I 16.52I 16.5+,I 16.29I 16.25I 16.2+,I 16.02I i II

I................ I..... I..... I..... I..... I..... I..... I..... I..... I..... I..... I..... I..... I..... I..... i..... II



APPENDIX A

Statistical Analyses of Acute and Chronic Toxicity Tests



H.U.P. September 1989

Summary Statistics and ANOVA

Transformation = None

Group n Mean s.d. cv%

1 = control l0 17.4000 5.7388 33.0
2 i0 14.4000 7.6913 53.4
3 i0 13.3000 5.6184 42.2
4 I0 14.9000 5.7629 38.7
5* I0 10.8000 5.4528 50.5

*) the mean for this group is significantly less than
the control mean at alpha = 0.05 (1-sided) by Dunnett's test

Minumum detectable difference for Dunnett's test = -6.092432
This difference corresponds to -35.01 percent of control

Between groups sum of squares = 231.320000 with 4 degrees of freedom

Error mean square = 37.320000 with 45 degrees of freedom.

Bartlett's test p-value for equality of variances = .822



EPA PROBIT ANALYSIS PROGRAM
USED FOR CALCULATING EC VALUES

Version 1.4

EPA PROBIT ANALYSIS PROGRAM
USED FOR CALCULATING EC VALUES

Version 1.4

HUP 8/17 Acute Adjusted Predicted
Observed Proportion

l_umber Number Proportion Proportion

Cone. Exposed Resp • Respondlng Responding Respondlng

0.I000 20 0 0.0000 0. 0000 0.0175
0. 1500 20 6 0.3000 0. 3000 0.2188
0. 2000 20 ii 0. 5500 0. 5500 0.5673
0. 2500 20 14 0.7000 0.7000 0. 8167
0. 3000 20 20 I. 0000 I. 0000 0.9335

Chi - square Heterogeneity -- 4.396 t

_

= -0.721352

ii_iii __ii0ii_ _ _i ii4_i_f_ idenii __i_i_i_
- _m ,mmml,mm,m,,,mmmm'mm

Theoretical spontaneous Response Rate = 0.0000



HUP 8/17 Acute

Estimated EC Values and Confidence Limits

Lower . Upper
Point Conc. 95% Confldence L_mits

EC 1,00 0.0936 0.0633 0.1149 •
EC 5.00 0.1152 0.0858 0.1351
ECI0.00 0.1286 0,1007 0.1475
ECI5.00 0o1386 0.1120 0.1568
EC50.00 0.1900 0.1706 0.2091
EC85.00 0.2604 0.2336 0.3100
Ecg0.00 0.2805 0.2488 0.3442
EC95.00 0.3133 0.2723 0.4031
EC99.00 0.3855 0.3207 0.5453

I

i

°



HUP 8/17 ACUte
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Test Report No. A80084

METHODOLOGY

Sample Preparation Methods

Test Methods for Evaluating Solid Waste, Physical/Chemical
Methods, SW846, Third Edition, USEPA, November 1986.

* Method 3010: Acid Digestion of Aqueous Samples and
Extracts for Total Metals for Analysis
by Flame Atomic Absorption Spectroscopy
or Inductively Coupled Plasma
Spectroscopy.

Sample Analysis Methods--

Methods for Chemical Analysis of Water and Wastes, EPA
600/4-79-020, USEPA, March 1983.

* Method 200.7: 7nductively Coupled Plasma-Atomic
Emission Spectrometric Method for Trace
Element Analysis of Water and Wastes.



A.aI ,U M

Test Report No. A80084

I. Preparation of Hvdrouen Uranyl Phosphate Compound

(HUO2PO..4H_O , MW=438 g/Mole)
(Prepared b_ Shealy Environmental Services, Inc.)

I. Mix uranyl nitrate and phosphoric acid at a 1 mole U to 1

mole PO 4 ratio.

2. Neutralize to pH 6-7 with NaOH.

3. Stir 15 minutes and filter through #40 Whatman Filter Paper.

4. Dry precipitate at i05°C overnight.

II. Preparation of Hydrogen Uranyl phosphate (HUP) S_ock _olutiqn

i. Weigh 1.00 grams HUP and dilute volumetrically to 500ml
using laboratory deionized water.

2. Agitate solution for 1 hour to achieve saturation.

3. Filter through 0.45um filter paper.



Test Report No. K80084

Stock Solution Verificatiun

Date Date

Solution Replicate _ _ Total Uranium (ppm_

1 7/27/89 7/27/89 1.11

2 7/27/89 7/27/89 1.17

3 7/27/89 7/27/89 1.27

4 8/04/89 8/04/89 1.05"

4 8/04/89 9/29/89 1.00 _

*This solution used in Bioassy Tests.
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Test Concentration Verification

Serial Dilutions from the HUP Stock Solution were prepared for

analysis.

Theoretical Uranium Observed Uranium

__onceDtr_tioD (ppm_ Concentration (ppm_ Pe_ce_t Recovery

0.i00 0.102 102

0.080 0.078 98

0.060 0.072 120 I

0.060 0.050 83

0.048 0.041 85

0.040 0.048 120

0.036 0.0.32 89

0.024 9.024 i00

0.018 0.018 I00

0.008 0.009 113

Concentrations below 0.080ppm were concentrated prior to analysis by

Inductively Coupled Plasma (ICP).
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III. OU_I.ITY C0NTROL DATA

Matrix Spike/Matrix Spike Duplicate Recovery Data

Sample Concentration Recovery

Constituen_ _ of Spike Matrix Spike

Uranium UTR Water 0.12 92

Uranium UTR Water 0.16 96

Units (ppm) (%)

t

UTR = Water collected from Upper Three Runs Creek. Same water
used as dilution water in Bioassay Tests.






