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PREFACE

In May 1985, the South Carolina Department 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 operation of the M-Area Liquid
Effluent Treatment Facility (LETF), an Industrial Wastewater Treatment facility. The M-
Area LETF 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 cf the permit modification, the DOE also agreed to

conduct toxicity testing for uranium! (Ref. 1 included as Attachment I).

Acute toxicity tests with uranyl nitrate were conducted on bluegill sunfish and Daphnia
pulex2:.21, Uranyl nitrate was used as it was considered representative of the types of
uranium discharged from the LETF. The 48 hour LCso (Lethal Concentration for 50% of
the exposed organisms) for Daphnia pulex was 0.22 mg total uranium/L. The 96 hour
LCsq 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/L. This provided safety
factors of 7.3 to 55.7 for acute effects. If the instream dilution resulting from the average
flow (7Q10) in Tims 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?® (Attachment III).

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 results3
(Attachment V).

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

{ Chronic Toxicity of Three Uranium C ,

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 Analyti KEM, Rock Hill, SC; and Normandeau Associates, New Ellenton,
SC).

Part of the empbhasis 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 Daphnia pulex, This would have resulted in the LETF
release limits being based on an instream concentration of 0.0022 mg/L uranium.

The acute and chronic toxicity results from this study with Ceriodaphnia dubia are
summarized below:

Urani C i 1
Uranium Compound UO2(NO3)2 HUO2PO4 U002
Acute Toxicity (48 hr LCsp) 0.073 0.100 0.050
Chronic Toxicity (ChV) 0.003 0.004 0.039

LETF Outfall C ion Limit

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 the-chronic 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 mg/L, maximum, and to reduce the design flowrate t2 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 outfalls (since 1985) of 1840 gpm (2.65 MGD) and
was the flow rate which was utilized in the re cent NPDES permit renewal application (1988

permit renewal).
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L0 INTRODUCTION

Pursuant to granting an industrial wastewater construction permit for the M-Area Liquid Effluent
Treatment Facility (LETF) in 1985, the South Carolina Department of Health and Environmental
Control (SCDHEC) included certain conditions in the Savannah River Plant's NPDES permit
modification.! The conditions included acute toxicity testing for uranium. Acute toxicity with
uranyl nitrate was determined in 1986 with bluegill sunfish and Daphnia pulex.22! The 96 hour
LCsg for bluegill sunfish was 1.67 mg/L total uranium and the 48 hr. LCs 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’.

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 outfallis 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 outfall was
therefore 0.030 mg/L, at the monthly average target uranium concentration of 0.50 mg/L at the
LETF outfall. The instrearn acute toxicity safety factor was calculated to be 3.7 to 27.8 for Daphnia

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, Tims 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 mg/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 thé effluent releases from the M-Area LETF.

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". > 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.



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.? The supernate 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
(hazardous/radioactive) 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 result in acceptable effluent limits of 0.027 to

0.21 mg/L (at the LETF outfall)"4.

In view of these concemns by SCDHEC, and in order 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.10 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 filtration 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.



2.0 EXPERIMENTAL CONDITIONS and QUALITY 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
i i ia as the test organisms, on uranyl nitrate and hydrogen uranyl phosphate. Only
Normandeau 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 and results are shown in detail in Attachment V, "Test Report No. A16747,
Revision I1", 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 Ceriodaphnia. 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 Toxicity Test Methods (Shealy Environmental)

Acute bioassay test methods conformed to those described in Reference 11. All 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 ID. 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 (LCsg = 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 mg/L). Test solutions
and the controls were prepared in 100 ml quantities in all-glass test chambers. All concentrations
and the control were tested in duplicate with ten Ceriodaphnia 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. All uranyl nitrate test concentrations were prepared fresh daily from
the 100 mg/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 1 ml Class A volumetric pipet. The uranyl nitrate stock

solution was stored at 4°C during testing. Samples of all 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:

_ranyl nitrate concentration  theoretical uranium concentration
.0 mg/L UO(NO3)2:6H20 - 0.47 mg/L

1.0

032 meL 015 meL
32 m A5m

0.18 mg/L 0.085 mg/LL

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 +

1°C in all 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 Biocassay Methods (Shealy Environmental)

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 mg/L, 0.0056 mg/L, 0.010 mg/L, 0.018 mg/L, 0.032 mg/L, 0.056 mg/L and 0.10 mg/L .
All 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 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 using an eye dropper where the organism was never removed from solution. All
Ceriodaphnia were fed the green alga Selepastrum capricornutum at the rate of approximately
1,000,000 cells per ml. test solution per day. Selenastrum cultures were obtained from Carolina
Biological Supply Company and cultured in natural spring water and Alga-Gro media in 1-liter
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 uranium 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!3. 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. 7he IDL

was determined to be 30.6 pg/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 pg/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 ug/L uranjum concentrations. The '
IDL study results are given in Attachment VL.

-4-



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:

1) Repeat the test work on uranyl nitrate to confirm the 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 Environmental)

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.” AnalyiKEM 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 thaa a glass
fiber filter.

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

e 100 ml vs. 250 ml beakers were used as the test vessels

« The volume of test solution was 50 ml vs. 100 ml 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:

L . , .
0 mg/L UOy(NO3)2*6H20  0.47 mg/L U

1
0.56 mg/L 0.27 mg/L U
0.32 mg/L 0.15mg/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 (Shealy Environmental)

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

« Filtration of the U3R water samples with 37 mm plankton net
Uranium stock solution (103 mg/L urany! 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 .



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 all 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).

The guidelines and recommendations listed in Peltier and Weber!! and Horning and Weber!2 were
followed for handling organisms, cleaning test equipment, and conducting all toxicity testing.

Ceriodaphnia_dubia 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 SRS
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. Chultures 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:8D
photo period. Light intensity measured at the surface of the culture dishes did not exceed 800 lux.

Brood-stock C. dubia (30 organisms/culture dish) were fed every other day on a diet consisting of
a mixture of algae (Selenastrum capr  2utum), and YCT (yeast, cerophyll, fermented trout chow).
Approximately 1 x 108 cells/ml of .2 and 7 ml of YCT were added to each culture dish. A
modified version of Bold's Basi- ::dia was used to maintain uni-algal cultures of S.

capricornutum.

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) daphnids used in both acute and chronic toxicity tests. The first 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 diluent 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 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!2,

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. All borosilicate beakers used in the toxicity tests were maintained separately
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from other lzboratory glassware and were used only for toxicity tests. Just prior to use,
these beakers were rinsed with dilution water.

/ 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. 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
fluorometry (Method 711-B; APHA 198519,

Uranyl Nitrate Rzagent grade uranyl nitrate (Mallinckrodt Lot #8640 KCAP) was used
to prepare the stock solution of this compound. The stock solution was prepared by addiny;
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 uranium 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-
finding, acute, and chronic tests.

Quality assurance procedures commonly followed in the NAI-SE
Aquatic Toxicology Division included the following: '

1. Instruments were routinely calibrated and standardized according to manufacturers’
instructions. Control charts were maintained for all measured paraineters.

(S

Wet chemistry methods used in determining hardness and alkalinity were standardized
according to US EPA methods.

3. Records were maintained of the age, productivity, quality of food, and feeding regime of
all organisms maintained by NAI-SE.

»

. Reference toxicity tests were performec on a routine basis (at least monthly) to determine
the acceptability and sensitivity of test organisms. Reference toxicant control charts were
maintained for all test organisms cultured by NAI-SE. Results of reference tests
indicated thzt the animals used in these tests responded in an appropriate manrier.

5. In order to measure he precision with which the technician prepared these test solutions,
a sursogate 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 (1000 mg/L) was diluted with deicnized
water using volumetric glassware and calibrated pipeites. 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 X, Table 2-3. Thesc
results demonstrated that the technician responsible for preparing the solutions used in all
toxicity tests conducted on the three uranium compounds prepared the manganese
sc 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)

All 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 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 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: :d on 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. 7Test 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 titrationl!3, while the CDTA
(cyclohexanediaminetetraacetic acid) titrimetric method!5 was 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 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 post abdomen). Immobilization was defined as the inability of
the animals to move in the water column .

The 48 h LCsq values were deter.ained 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 all organisms used in a given test were born
within 4 hr 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, aliquots of chemical stock solutions were wansferred to volumetric flasks with
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 the volumetric flasks cleaned each day between use.

Testing was performed in 20-ml glass scintillation vials containing 15 ml of test solution. All test
vials were placed in an incubator maintained at 25 + 1°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 urany!
nitrate:

0 (Control), 0.002, 0.008, 0.023, 0.046, 0.076 mg/L total uranium (nominal)*
* Nominal concentrations based on dilution of measured 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 all 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 concentrations
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 all C. dubia life cycle tests.

C. 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 toxicity!l. The criterion
used to establish lethality was cessation of all 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% 12 and 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 (ANOVA), 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

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).

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. 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.

Hydrogen Uranyl Phosphate 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 (1:1; 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 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 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 1.22 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. gdubia were exposed to the following dilution series for the acute toxicity tests on hydrogen
ura::y\ 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.

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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The Shealy Environmental laboratory and toxicity testing methods for the hydrogen uranyl
phosphate tests are described in detail in Attachment X, "Test Report No. A17852 (Part II), Acute
and Chronic Toxicity of Hydrogen Uranyl Phosphate to Ceriodaphnia dubia”. AnalyaKEM 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. ID. No.
88-964) was performed on Ceriodaphnia cultured in water from Upper Three Runs ...
conjunction with the acute and chronic tests. The results of this test (LCso = 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 mg/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 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.

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 all test solutions were preserved
with 0.15% metals grade nitric acid and shipped with ice packs via Federal Express to
Analyti KEM, 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 mg/L, 0.10 mg/L, 0.18 mg/L, 0.32 mg/L, 0.56 mg/L, and 1.0 mg/L
(as hydrogen uranyl phosphate). All 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 .

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 Ceriodaphnia dubia and as
control and dilutant for both the repeat acute and chronic toxicity tests conducted on HUO2PO4 °
4H720. Typical water quality values for this creek are listed in Attachment X11, Table 1-1. Water for
all 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 =t for use in the cnronic tests.

Glassware Prepar-ation All glassware was cleaned before and after use. Glassware
was first rinsed with pesticide-free acetone, then with methanol followed by methylene
chloride. It was soaked for 24 hr in a 5% Contrad solution and rinsed with deionized water.
It was air-dryed, and then soaked for 24 hr in 2% HNOs3. Deionized water was then used in
the final rinses (5 times) and rinsed with pesticide-free acetone. 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.

Preparation of Stock Solutions 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

tests. The concentration of the dissolved uranium in the stock solution was confirmed
analytically before it was used in a test.

Hydrogen Uranyl Phosphate 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 (1:1 moles uranium to moles phosphate). This
mixture was neutralized to pH 6-7 with 1.0 N NaOH and stirred for 15 min. The resuiting
precipitate (HUO2PQ4+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 hr.

A saturated stock solution of hydrogen uranyl phosphate were prepared by mixing 0.4 gm
of compound with 19 L of Upper three Runs water for approximately 16 hr. The resultant
suspension was filtered through a 0.45 pm 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 all toxicity test solutions.

Quality 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  Acute Toxicity Test Methods (Normandeau Associates)

The acute toxicity procedures used 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 performed with and without food added to the test solutions. The unfed
acute test was conducted June 29 - July 1, 1989. The fed acute test was conducted July 11 - July
13, 1989.

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

C. 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
-cerophyll was added at a final concentration of 0.033 ml/ml test solution. Organisms were fed at
test initiation and after 24 hr.

The 48 h LCsq values were determined by the Trimmed Spearman-Karber procedure.

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

0 (Control), 0.0002, 0.0006, 0.002, 0.006, 0.020, 0.060, 0.12¢, and 0.200 mg/L dissolved
uranium®*.

* Nominal concentrations based on dilution of measured stock solutions
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2.2.2.4 Acute Toxicity Test Methods (Shealy Environmental)

The Shealy Environmental laboratory and toxicity testing methods for the repeat hydrogen uranyl
phosphate tests are described in detail in Attachment X111, "Test Report No. 80084 Final, Acute
and Chronic Toxicity of Hydrogen Uranyl Phosphate to Ceriodaphnia dubia,” Analytt KEM Inc.,
Rock Hill, SC 29730 (January 5, 1990).

The laboratory methods and procedures used by Shealy Environmental for the repeat hydrogen
uranyl phosphate acute toxicity testing were the same as the initial HUP tests, with the following
exceptions:

Dilution water for the toxicity tests was collected August 9, 1989 from Upper Three Runs at the
north side of a bridge on Road 2-1 on the Savannah River Plant site. Only one batch of water was
used for the acute and chronic toxicity tests due to the appearance of sporadic toxicity in the U3R
water.

Standard toxicant test with the EPA reference toxicant cadmium chloride (Lab. ID. 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 acceptable 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 recommended in Attachment,
XI, by mixing uranyl nitrate 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 AnalyiKEM, Inc. by filtering a 2000 mg/L
solution of HUP through a 0.45 um filter, and then returned to Shealy. The toxicity test
concentrations were prepared by dosing the dilution water with the appropriate aliquot of the
uranium stock solution using Class A volumetric filters. After all 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 Bicassay Methods (Shealy Environmental)

The laboratory methods and procedures used by Shealy Environmental for the repeat HUP 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
mg/L, 0.050 mg/L, 0.065 mg/L, and 0.080 mg/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).

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 (UQ2) 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
UO2> 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 t:lranium 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, 0.07, 0.10, 0.13 mg/L total uranium (nominal values)*

* Nominal concentrations based on dilution of measured stock solutions.

2.3.2 Chronic Toxicity Testing Methods (Normandeau Associates)

The chronic toxigity procedures used for the uranium dioxide testing were the same as the chronic
tests on uranyl nitrate (Section 2.1.3.3), with the following exceptions:

The following dilutions were used in the seven-day static 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 TOXICITY 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 Initial 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 LCsq (median lethal
concentration) value with the Binomial Method.!! This calculation resulted in a 48-hour LCsq 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). All parameters monitored were within acceptable limits for bioassay purposes.

3.1.1.2 Initi ic Toxici i h Environmen

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 concentrations. 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 mg/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

mg/L, respectively). :

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 \A
Table 7. All parameters monitored were within acceptable limits for bioassay purposes.



Table 1

Initial Acute Toxicity Results on Uranyl Nitrate
by Shealy Environmental

Number and percentage of Ceriodaphnia showing effect (death) during the 48-hour static renewal
bioassay to determine the acute toxicity of uranyl nitrate to_Ceriodaphnia du_bm_._August 10- 12,
1988. Concentrations in theoretical and actual recovered uranium. Ten test organisms per replicate.

Control A 0 0
0

B 0 0

Theoretical U Recovered U

me/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

LCsp = 0.060 mg/L U, based on recovered (measured uranium).

-18 -



Table 2

Initial Chronic Toxicity Results on Uranyl Nitrate
by Shealy Environmental

Average reproduction of Ceriodaphnia dubia in the uranyl nitrate solutions was as follows:
Offspring perfemale % Momality

Control =229 0
Ihsgmmlu_aw_ﬂssmmﬂl

0.0015 <0.0013 = 30.3 10
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 =175 0
0.027 0.015 =18.3 0
0.047 0.044 =15.7 0

NOEC =0.0015 mg/L U, LOEC = 0.0027 mg/L, ChV = 0.0020 mg/1, theoretical uranium
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3.1.2 Repeat Acute and Chronic Toxicity Testing of Uranyl Nitrate

3.1.2.1 Repeat Acute Toxicity Test (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 in 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 LCsg (median lethal concentration) value
with the Probit Method.!! This calculation resulted in a 48-hour LCsq value of 0.089 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 VIIL,
Table 4. All parameters momitored were within acceptable limits for bioassay purposes.

3.1.2.2R nic Toxicity Bioassa healy Environmen

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 be 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 Rar. ;um Test indicated chronic toxicity at the 0.0047 mg/L, 0.0085
mg/L, 0.015 mg/L, and 0.027 mgL 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), taken as the geometric mean of the NOEC and LOEC, was 0.0036 mg/L as theoretical
uraniurnmn. .

Water chemistry data taken in conjunction with the chronic toxicity test are given in Attachment
VIII, Table 6. All 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
all 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 effect (death) during the 48-hour static renewal
bioassay to determine the acute toxicity of Urany! nitrate to Ceriodaphnia dubia, January 25-217,
1989. Concentrations in uranyl nitrate, theoretical 1ranium and actual recovered uranium. Ten test
organisms per replicate.

Test . Number Affected After %
Concentration Replicate 24 Hours 48 Hours Monality
Control A 0 0
n
B 0 0
Actual
UQy(NOa) «6Ho0 Theoretical U Recovered U
me/L,
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 ( 9
0.32 0.15 0.160 95
B 8 10
A 5 10
0.56 . 0.27 0.27C 95
B 8 9
A 10 10
1.0 0.47 0.500 100
B 10 10

LCso = 0.089 mg/L. uranium (as recovered/measured uranium)
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Table 4

Repeat Chronic Toxicity Results on Uranyl Nitrate '
by Shealy Environmental

Average reproduction in the uranyl nitrate solutions was as follows:

Offspring per female % Monality

Control = 19.5 0
UQx(NQ3)2 +6Hz0  Theoretical U Recovered U
mg/l.
0.0032 0.0015 0.00033 =19.9 10
0.0056 0.0027 0.0025 =177 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 =83 20
0.056 0.027 0.036 =69 0
NOEC = 0.0027 mg/L, LOEC = 0.0047 mg/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 (Normandeau 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/L) and complete
mortality was observed at all other test concentrations (0.127, 0.190, 0.254, and 0.381 mg/L)
nominal uranium concentratons. Five % mortality occurred in the control. These data were used
to determine a 48 -hour LCso (median lethal concentration) value using a Binomial probability
method of calculation.

This resulted in a 48-hour LCsq 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)

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)
theoretical uranium concentrations. Five % mortality occurred in the control. Reproduction in the
control 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 uranium 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 Dunnett'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 production of young compared to the control.

It was recommended that:
No Observed Effect Concentration (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) uranium concentrations 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 § ‘

Confirmation Acute Toxicity Results on Uranyl Nitrate
by Normandeau Associates

Number and percentage of Ceriodaphnia showing effect (death) during the 48-hour static renewal
bioassay to determine the acute toxicity of Uranyl nitrate to  Ceriodaphnia dubia, November 21-23,
1988. Twenty test organisms were exposed to each concentration, with two tests per concentration.
(10 organisms per replicate)

Test Number Affected After %

Concentration 24 Hours 48 Hours Monality
Control 0 1 5

mg/L

Theoretical U Recovered U
0.051 0.042 0 3 15
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

LCs0=0.071 mg/1 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 Cerjodaphnia dubia, December 9-16, 1988. 20 females per test
concentration. Average reproduction in the uranyl nitrate solutions was as follows:

Offspring per female % Mortality

Control 158.5 5
NmmnﬂL:lim_MﬁaM

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).



3.2 Acute and Chronic Toxicity Testing of Hydrogen Uranyl Phosphate

3.2.1 Initial Acute and Chronic Test Results on Hydrogen Uranyl Phosphate

The acute toxicity of HUO2PO4 -4H20 to C. dubia was determined. The results of initial and final
basic water chemistry analyses performed on all 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 following test initiation. A 48 h LCsg of 0.110 mg/L nominal uranium was
calculated from these data, using a Trimmed Spearman-Karber calculation. (95% confidence limits
=0.10 to 0.12 mg/L nominal uranium).

3.2.1.2 nic Toxici

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 resulted in a measured average of 0.119 mg/L,
with a standard deviation of 0.020. The daily uranium aralyses are given in Attachment IX, Table
3-2. The results of all initial and final basic water chemistry analyses performed on all HUO2PO4
*4H70 solutions are listed in Attachment IX, Appendix 3, Tables 3 and 4.

Some mortality was observed among C. dubia exposed to all 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 all 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. dubia exposed to any of the solutions
used in this chronic test. Offspring production by individuals exposed to all test concentrations of
HUO2P0O4+4H20 was included in all 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
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 indicated that reproduction among the various treatment groups
differed significantly. Dunnett's multiple comparison test indicated that exposure of C. dubia to all
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 uranium 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 detected.
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Table 7

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

Results of a Ceriodaphnia dubia 48 h static renewal acute toxicity test conducted on hydrogen
uranyl phosphate, November 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/1, total U)a (11-21-88) (11-22-88) at48 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

0.120 0.131 0.117 0 14 70

. 4Nominal concentrations based on measured stock solutions.
LCs0=0.110 mg/L. U (nominal uraniumy)
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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
Concentration Measured
(mg/L total U) Concentrations
(mg/ltotal U)

Control

0.006

0.020

0.060

0.120 0.119

0.200

X (SDh)a
of young

15.40 (7.79)
945 (6.-2)
9.10 (¢ 7)
8.60 (5.37)
9.80 (5.49)
8.25 (5.16)

X broods? % Mortality
per of
female griginal females

2.3 10
2.1 20
1.7 30
1.8 20
2.1 5

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
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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 uranium 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.!! 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 LCsq 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. All 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 concentrations, which were <6.0.

3.2.1.4 Chronic 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/L and 0.54 mg/L as theoretical uranium
concentrations (recovered uranium concentrations 0.043 and 0.063 mg/L, respectively).

The no observed effect concentration (NOEC) was 0.17 mg/L as theoretical uranium (0.050
recovered uranium), 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. All 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 all
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_Ceriodaphnia dubia.
February 17-19, 1989. Conccurations in hydrogen uranyl phosphate, theoretical uranium, and
actual recovered uranium. Ten test organisms per replicate.

Test Number Affected After %o
Control A 0 0
0
B 0 0
Actual
HUO,PQ4H70 Theoretical U Recovered U
mg/L,
A 0 0
0.32 0.17 0.036 0
B 0 0
A 0 0 o
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 10 -
3.2 1.72 0.170 100
B 10 -

LCso = ~0.070 mg/L U ( as recovered uranium)



‘ Table 10

Initial Chronic Toxicity Results on Hydrogen Uranyl Phosphate
by Shealy Environmental

‘t"\‘l,lmge reproduction of Ceriodaphnia dubia in the hydrogen uranyl phosphate solutions was as
ollows:

Offspring per female @~ % Momality

Control =17.0 10
Actual
HUQ2PO4-H20 Theoretical U  Recovered U*
mg/L.

0.056 0.030 0.028 =125 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 =133 10

0.56 0.30 0.043 =9.0 20
‘ 1.0 0.54 0.063 =70 10

*Average of 2 determinations

Calculated values:

NOEC =0.17 mg/L U as theoretical uranium (0.050 recovered 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

- [ 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
LCsq 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 LCsq for unfed test
organisms equaled 0.10 mg/L measured uranium concentration (95% ~onfidence limits =
0.09 t0 0.11 mg/L dissolved uranium.

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

Acute Toxicity Test - Fed Organisms 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. dubia. Results of this test are summarized in Table 12. No test organism
mortality was observed in any test concentration after 24 h of exposure. At test termination
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 LCsg 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 all solutions used in the repeat
acute toxicity tests are listed in Attachment X1I, Appendix 2, Tables 5 through 8.
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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 Ceriodaphnia dubia static renewal acute toxicity test conducted on hydrogen
uranyl phosphate June 29 -July 1, 1989. Test organisms were not fed during the test.

Measured Measured
Nominal Concentrations Concentrations Total Mortalities®
Concentration (mg/L) (mg/L) 24hr 48hr % Mortality
(mg/L total U) (6-29-89) (6-30-89) at48 hr
Control <0.01 --- 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  10b 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 Ceriodaphnia dubia static 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 Total Mortalities®
Concentration (mg/L) (mg/L) 24h  48h % Mortality
(mg/L total U) (7-11-89) (71-12-89) at48 hr
Control . --- --- 0 0 0
0.10 --- --- 0 0 0
013 --- --- 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.

LCsg= >0.26 mg/L nominal uranium concentration
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3.2.2.2 Repeat Chronic Toxicity Test Results on Hydrogen Uranyl Phosphate
by Normandeau Associates

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. dubia exposed to 0.06, 0.12, and 0.20 mg/L dissolved uranium. Both broced
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 C. dubia 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 all other analyses.

Results of the ANOVA test indicated that reproduction among the various treatment groups differed
significantly. Dunnett's multiple comparison test indicated that exposure of C. dubia to 0.0002,
0.0006, 0.020, 0.060, and 0.120 mg/L dissolved uranium test concentrations 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 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 all 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 all initial and final basic water chemistry analyses performed on all test solutions are
listed in Attachment XTI, Appendix 3, Tables 1 and 2.
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Table 13

Repeat Chronic Toxicity Test Conclucted on Hydrogen Uranyl Phosphate
by Normandeau Associates

Results of a sevr.n-day static renewal chronic toxicity test for Ceriodaphnia dubia exposed to
hydrogen urany: phosphate, Jiiiy 8 - 15, 1989.

Nominal .0 Measured X (SD) X broods % Montality

Concentration Concentrations of young per of

(mg/L) (7-8-8Y) per fernale® femaled original femnales

(mg/A 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 0.004 23.90 (4.96) 2.9 0
0.020 0.030 25.00 (7.41) 2.9 0
0.060 0.040 18.35 (7.42) 2.6 5
0.120 0.14" 13.00 (7.02) 2.3 10
‘ 0.200 0.200 9.00 (4.22) 1.8 70

aNominal concentraaons extrapolated from the measured concentration of dissolved uranium in the
stock soludon.

Bmg/L as dissolved wanium.

CMean value based on number of young produced by 20 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 value based on surviving original females.
SD = Standard Deviation

NUEC = 0.002 rpg/L nominal urauium concentration
LOEC = 0.006 mg/L nominal uranium concentration
ChV =0.004 mg/L
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The results of the second Shealy 48-hour acute toxicity bioassay 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 XIII, 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 uranium solution or the control. These data were used to determine a 48-hour LCsg
(median lethal concentration) value with the Probit Method.!! This calculation resulted in a 48-hour
LCsg value of 0.190 mg/L theoretical uranirn 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. All parameters monitored were within acceptable limits for bioassay purposes.

3.2.1.4 Chroni xicity Test Results on H sen 1 Phosph h Environment

The repeat 7-day chronic toxicity test by Shealy on HUP was conducted on September 2-9, 1989,
as five treatments exposing 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% mortality), 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 v -: found to be normally
distributed, with homogeneous variances (Bartlett's test p value =- 2, p=0.01). Statistical
analyses of the results using Dunnett'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 chemistry data taken in conjunction with the chronic toxicity test are given in Attachment
XTI, Table 7. All parameters monitored were within acceptable limits for bioassay purposes.
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‘ Table 14

Repeat 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 Ceriodaphnia dubia, August
17-19, 1989. Ten test organisms per replicate.

Test Number Affected After %
Concentration Replicate 24 Hours 48 Hours Affected
Control A 0 0 .
B 0 0
Theoretical U, mg/L
A 0 0
0.10 Y
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

LCso = 0.190 mg/L U (theoretical uranium concentration)
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Table 15

Repeat Chronic Toxicity Results on Hydrogen Uranyl Phosphate
by Shealy Environmental

;\verage reproduction of _Ceriodaphnia dubia in the hydrogen uranyl phosphate solutions was as
ollows:

Offspring per female = % Montality

Control =17.4 10
Theoretical U, mg/L

0.020 =144 10
0.035 =13.3 20
0.050 = 14.9 30
0.065 =10.8 40
0.080 = 6.9 70
Calculated

NOEC = 0.050 mg/L U, LOEC = 0.065 mg/L U, ChV = 0.057 mg/L U (theoretical uranium)
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.
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3.3 Acute and Chronic Toxicity Test Resuits on Uranium Dioxide
3.3.1 Acute Toxicity Test Results on Uranium Dioxide (Normandeau Associates)
The acute toxicity of UO?2 to C. dubia 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 all 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 LCsp
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.

The percent survival was high among C. dubja exposed to all test concentrations of UO2 (2 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 UO? reduced C. dubia reproductive success.

The results of Fisher's Exact test indicated no significant difference existed in the percent of
survival among C. 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. All further analyses were
performed using parametric methods.

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. 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. 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 all initial and final basic water chemistry analyses performed on all 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 are listed in
Attachment X, Table 3-2.
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Table 16
Acute Toxicity Test Conducted on Uranium Dioxide by Normandeau Associates .

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

oA
Nominal Measured Measured Toial Monaliies

Concentration (" .. _entration Concentration 24h  48h % Mortality

(mg/ltoal D (mg/L rotal U (mg/L toral ) at48 h

(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 duplicate
(10 organisms/replicate). Test vessels =250-ml glass beakers containing 100 ml/beaker.
bNominal concentrations based on measured stock solutions.

LCsp = 0.050 mg/L U (nominal uranium concentration) '



Table 17
. Chronic Toxicity Test Conducted on Uranium Dioxide by Normandeau Associates

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

Nominal* Mean X(SD)** X broods % Mortality
Concentration Measured of young per of
Concentrations per female? femaleD original females
(mg/L total 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. 15

*Nominal concentrations based on measured stock solutions.

**SD = Standard Deviation

a@Mean value based on number of young produced by 20 original females.
bMean value based on surviving original females.

NOEC = 0.030 mg/L U, LOEC =0.050 mg/L. U (nominal uranium)
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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

was greater than anticipated, based on the previous tests conducted in 1986
with Daphnia pulex.222 Shealy was asked to repeat the toxicity test for uranyl nitrate, and a
second environmental 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 (UO,**) will exist as the diphosphate complex, U0, (HPOg4)>=
in the surface waters of the SRS streams, if sufficient phosphate is present!8. 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 nitrate was determined on Daphnia pulex in 1986221, by Environmental
and Chemical Sciences, Inc. (ECS) laboratory (the precursor to Normandeau Assocxates) The acute
toxicity of uranyl nitrate was then determined using Ceriodaphnia dubia in 1989. The previous and
current results are summarized below:

ACUTE TOXICITY RESULTS ON URANYL NITRATE

LC30 (mg/l)
Organism Laboratory
Daphnia pulex ECS 0.220
hni i Shealy 0.060
Shealy (repeat) 0.089
Normandeau 0.071
Average (Ceriodaphnia dubia) 0.073
The initial acute toxicity test with Ceriodaphnia dubia indicated that those orgamsms were much
more sensitive to uranyl nitrate than Daphnia pulex. The repeat acute toxicity tests with uranyl
nitrate conducted by Shealy, and the mdependcnt testing by Normandeau, confirmed the initial
resulis with Ceriodaphnia The results of the acute toxicity results for uranyl nitrate with

Ceriodaphnia dubia are sufﬁcxcmly similar to use an average of the three tests.
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4.1.2 Chronic Toxicity

The chronic toxicity pf uranyl nitrate was determined using Ceriodaphnia dubia in 1989 by two
independent laboratories. The results are summarized below:

CHRONIC TOXICITY RESULTS ON URANYL NITRATE (Ceriodaphnia dubia)

Laboratory NOEC* LOEC** Chy*s
mg/L total uranium

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 Effect Concentration
** OEC = Lowest Observable Effect Concentration
*x*xChV= Geometric mean of NOEC and LOEC

The chronic toxicity results by Shealy were very similar for both the initial and repeat uranyl nitrate
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 average of the
two ChV values (0.003 mg/L) determined by Shealy should be used as the ChV for uranyl nitrate to
Ceriodaphnia dubia in the very soft waters of the Savannah River Site.

4.2 Acute and Chronic Toxicity of Hydrogen Uranyl Phosphate
to Ceriodaphnia_dubi

4.2.1 Acute Toxicity

The acute toxicity of hydrogen uranyl nitrate was determined using Ceriodaphnia dubia by two
independent laboratories. The results are summarized below:

ACUTE TOXICITY RESULTS OF HYDROGEN URANYL PHOSPHATE

o TO CERIODAPHNIA DUBIA
18 Hour LCso (me/L dissolved uranium

Laboratory
Shealy 0.070 (measured uranium)
Shealy (repeat) 0.190 (nominal uranium )*
Normandeau 0.110 (nominal uranium concentration)**
Normandeau(repeat) 0.100 (measured uranium)
Normandeau(repeat) >0.260 - "fed during test" (measured uranium)
Average 0.120 ("fed" results not included)

* nominal concentration based on stock solution dilution, but a test concentration series gave
excelient agreement between nominai and measured uranium CONCENIrations
** nominal concentration based on stock solution dilution.
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The initial acute toxicity test with hydrogen uranyl phosphate (HUP) by Shealy gave very different
results for the nominal uranium concentrations (prepared by dilution of a 104 mg/L HUP stock
solution) vs. the measured uranium concentrations. 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 solutions 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). It 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 LCsg = 0.120 mg/L uranium.

Additional testing by Normandeau Associates indicates that this may be a very conservative acute
LCso concentration in the "real world". It was hypothesized that the uranyl phosphate anion
UO,(PO4)7= 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
Ceriodaphnia 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 acutg toxicity was noted up to a concentration of 0.26 mg/L uranium.

The SC Department 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 urany} nitrate and hydrogen uranyl phosphate, is more correct.
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4.2.2 Chronic Toxicity .

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

CHRONIC TOXICITY RESULTS OF HYDROGEN URANYL PHOSPHATE
. mmw i i

Laboratory NOEC* LOEC** Chy w*
mg/L total uranium

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
**[ OEC = Lowest Observable Effect Concentration
***xChV = Geometric mean of NOEC and LOEC

It can be seen from the summary table that the initial and repeat Normandeau chronic toxicity results

agreed very closely. The initial chronic toxicity test conducted by Normandeau used a concentration

of 0.006 mg/L uranium as the lowest test concentration. The repeat series included uranium
concentrations of 0.006, 0.002, 0.0006, and 0.0002 mg/L, in order to bracket the suspect toxicity ‘
concentration range.

A statistical analysis of the repeat Normandeau data using Dunnett's multiple comparison test
indicated that exposure of C, dubia to concentrations of 0.0002, 0.006, 0.020, 0.060, and 0.120
mg/L uranium resulted in significant reduction in production of young vs. the reproduction in the
control (Table 13). The control had a reproduction mean of 29.6 young per female. Based on this
data set, a 15.3% reduction in ¢, dubia young could be detected. That is, mean offspring
production < 25.2 would be significantly different from the control. The result for the 0.0002
concentration is apparently anomalous, as the next two higher concentrations tested (0.0006 and
0.002) were not statistically different from control. Therefore, it was concluded that the
Normandeau results indicted that the Lowest Observable Effect Concentration was 0.006 mg/L
uranium, and the No Qbservable Effect Concentration was 0.002 mg/L uranium.

The initial Shealy chronic toxicity results indicated that the LOEC and NOEC for uranium were
0.050 and 0.043 mg/L recovered (measured) uranium, respectively (Table 10). The recovered
uranium values for this test series were quite variable, and did not correlate with the nominal
uranium concentrations. This was due to the dilution of the stock solution to provide the test
solutions, as discussed previously. In addition, the statistical analyses of the reproductive data
determined that a 25.8% reduction in the mean number of offspring vs. the control production could
be detected (Minimum Significant Difference; MSD). The critical value would therefore be 17.0
(control) - 4.4 =1 ~ The two lowest concentrations tested (as measured uranium) were 0.021

and 0.028 mg/L, resulted in 13.1 and 12.5 neonates/female. If the variance of the control
reproductive test :n slightly smaller, the minimum significant difference would have been
less, the critical re; :ve value would have been higher, and all of the test concentrations would

have been significanu_ _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.
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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 (Dunnett'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 mg/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 al] concentrations tested would have been different from
control. It is concluded that the repeat Shealy chronic toxicity tests on hydrogen uranyl phosphate
resulted in NOEC and LOEC values of <0.020 mg/L uranjum.

" 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. Le..; 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 statistically 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 all 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. It is the authors' recommendation that a dose vs. reproductive
rate plot be developed for those situations where the organism is very sensitive to the toxicant, as is

the case with C, dubia to uranium.
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4.3 Acute and Chronic Toxicity of Uranium Dioxide to Ceriodaphnia dubia
4.3.1 Acute Toxicity

The acute toxicity of uranium dioxide was determined using Ceriodaphria dubia by Normandeau
Associates. The results are summarized below:

ACUTE TOXICITY RESULTS OF URANIUM DIOXIDE (Ceriodaphnia dubia)
by Normandeau Associates

48 Hour L.Cso (mg/L dissolved uranium)

0.050 (nominal uranium conceni—ation)*

* nominal concentration based on stock solution dilution.

The acute toxicity LCsg of 0.050 mg/L uranium was surprising due to highly insoluble nature of the
uranium dioxide. It was hypothesized that uranium dioxide would be less toxic than uranyl nitrate
or hydrogen uranyl phosphate (HUP) due to the fact t' at the dissolved uranium would be present as
U+4 complexes!8, which could have different physiological toxicity affects. However, the
expectation for uranium dioxide was borne out with respect to chronic toxicity, which was
chronically toxic at much higher concentrations than uranyl nitrate or HUP.

4.3.2 Chronic Toxicity

The chronic toxicity of uranium dioxide was determ’.ied using Ceriodaphnia dubia by Normandeau
laboratory. The results are summarized below:

CHRONIC TOXICITY RESULTS OF URANIUM DIOXIDE (Ceriodaphnia dubia)
by Normandeau Associates

LY:)_EC* ! ! !E! ;** hv***
mg/L total yranium .
<0.030 0.050 0.040

*NOEC = No Observable Effect Concentration
**] OEC = Lowest Observable Effzct Concentration
**xChV = Geometric mean of NOEC and LOEC

The chronic toxicity results indicate that the oxidation state of uranium in the environment can
affect the chronic toxicity to the instream organisms. In a reducing environment, which is
commonrly four2 at the bottom of many stagnant fresh water ponds and estuaries (due to the decay
of settled vegeiation), it is quite possible that the +6 state of uranium (U 02++) could be reduced to
the +4 state, with a attendant redactic 1 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.

44.1 Acute Uranium Toxicity

4.4.1.1 EFish

Tarzwell and Henderson!? exposed fathead minnows (Pimephales 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 LCsg). They found that the minnows were
much less sensitive to uranyl concentration in hard water than in soft water. Davies20 obtained 96
hr LCsqs for uranium to brook and rainbow trout (1980). The water hardness and alkalinity levels
were slightly greater than those used by Tarzwell. Poston” reported an LCsp for fathead minnows
(P. promelas) in Columbia river water (1984). Trapp2&21 reported acute toxicity results similar t-
the Tarzwell results, using bluegill (Lepomis macrochirys), in the very soft water of Upper Thr
Runs, a Savannah River Site stream (1986). Bywater22 reported the acute toxicity of uranium or
number of northern Australian freshwater fishes in extremely soft receiving waters (1991). Th.
acute toxicity results for the effects of uranyl ion on fish are summarized below:

Study Dae Fish Hardness* U Compound 96 Hr LCso '
mg/L U*
Tarzwell 1960 Fathead minnow 400 uranyl sulfate 119
(P._promelas)
20 uranyl sulfate 2.6
20 uranyl nitrate 2.7
20 uranyl acetate 32
Davies 1980 Rainbow trout 31 NA 6.2
(8. gairdneri)
Brook trout 31 NA 8.0
S, fontinalis ‘
Poston 1984 Fathead minnow 70 uranyl nitrate 16.7
(B promelas)
Trapp 1986 Bluegill 3 uranyl nitrate 1.67
1 rochirus
Bywater 1991 Reticulated Perchlet 3# uranyl sulfate 0.80
(A, macleayi)
Purple spotted gudgeon  3# uranyl sulfate 1.5
(M. mogurnda)

** Hardness expressed as mg/L. CaCO3
** LCsg expressed as mg/L total uranium
# Total alkalinity as mg/L

NA Not Available
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4.4.1.2 Waterfleas (Cladocerans/Daphnids)

Previous acute toxicity testing with uranium compounds was conducted by Poston in 19847 using
Daphnia magna in moderately hard water (hardness = 70). The 48 hr. LCs0 was 6.0 mg/L total
uranium. 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 LCs of: LC 50 = -159.8 + 39.3 In CaCO3 mg/L hardness. The
correlation coefficient for that data set exceeded 0.9.

Trapp2&21 reported an LCsg of 0.22 mg/L total uranium, using Daphnia pulex, 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.

Bywater22 reported a 24 hour LCso 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 Ceriodaphnia 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, pulex. The acute toxicity results for cladocerans and
daphnids are summarized below:

Summary of Acute Toxicity Results for Uranium

Study Dae Cladoceran Hardness* U Compound 48 Hr LCs0 '
mg/L U*
Poston 1984 Daphnia magna 195 uranyl nitrate S§2%k*
130 uranyl nitrate 37 %nk
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 Ceriodaphnia dubia 3 uranyl nitrate 0.060
Shealy (VIII) 1989 Ceriodaphnia dubia 3 uranyl nitrate 0.089
Normad' (IX) 1989 Ceriodaphnia dubia 3 uranyl nitrate 0.071
Shealy (X) -1.990 Ceriodaphnia dubia 3 uranyl phosphate 0.070
Shealy (XIII) 1990 Ceriodaphnia dubia 3 uranyl phosphate 0.190
Normad'(IX) 1989 Ceriodaphnia dubia 3 uranyl phosphate 0.110
Normad'(XI) 1990 Ceriodaphnia dubia 3 uranyl phosphate 0.100

* Hardness expressed as mg/L CaCO3
** | Cso Sxpressed as mg/L total uranium
*%% Average of two tests

# Total alkalinity as mg/L.

## 24 hiour LCsp
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4.4.2 Chronic Uranium Toxicity

4.4.2.1 Waterfleas (Daphnids)

Poston22 reported a chronic toxicity effect (reproduction) for D, magma (in soft water, hardness =
70) of 0.52 mg/l total uranium. The reproductive effect was at a concentration approximately one

tenth that of the acute LCsq effect 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 dilution
water. This is attributed to a combination of the use of C. dubia and the effect of the very soft
water. The chronic toxicity results for uranyl nitrate and uranyl phosphate are surnmarized below:

mm. f ni¢ Toxicity Resul i Daphni
Study Date Daphnid Hardness* U Compound
Poston 1984 Daphnia magma 70 uranyl nitrate
Shealy (V)# 1989 Ceriodaphnia dubia 3 uranyl nitrate
Shealy (VIII) 1989 Ceriodaphnia dubia 3 uranyl nitrate
Normad'(IX) 1989 Ceriodaphnia dubia 3 uranyl nitrate
Shealy (X) 1990 Ceriodaphnia dubia 3 uranyl phosphate
Shealy (XIIT) 1990 Ceriodaphnia dubia 3 urany! phosphate
Normad'(IX) 1989 Ceriodaphnia dubia 3 uranyl phosphate
Normad'(XII) 1990 Ceriodaphnia dubia 3 uranyl phosphate
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mg/L U**

0.52

0.002
0.004

<0.008
<0.021
<0.020

<0.006
0.004



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 (LETF). The average
discharge rate from the LETF is 0.038 million gailons 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-O11 outfall). 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 "7Q10" for Tims 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!8, 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 tests23. 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?4, 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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Robert S. Jackson, M.D.

iy )

South Carolins Department of Health
and Environmental Control

Messs H. Clarksen, Jr.. Cheirman
Leonard W. Dougias, M.D., Vice-Chairmes
Genald A. Kaysard, Secretary
Barbars P. Nusasle
Oren L. Brady, Js.
James A. Spruill, Jr.
William H. Hester, M.D.

May 22, 1985

R.P. Whitfield

Department of Energy

Savannah River Gperations Office
P.0. Box A

A.ken, S.C. 29802

Re: NPDES Modifications Dated May 23, 1985
Savannah River Plant

Dear Mr. Whitfield:

Ir the latest NPDES modification effective May 23, 1985, there was a few targef
dates which Savannah River Plant (SRP) must meet and an agrec. ‘nt concerning the

monitoring of uranium. This letter will clarify the dates of the special conditions
and the agreement on uranium. '

The specific conditions which have deadlines are items 28, 30, and 31.

(A) Special cc dition 28 - Biological Study Plan for outfall A-014 on the
aquatic communities in the receiving stream.

1. Submit plan to DHEC for review and approvai by September 23, 1985.
2. Implementation of plan by January 23, 1986.

(B) Special condition 30 - Submit 2 completed 2-C Form for outfalls M-005,
M-004, and A-014 four months after discharging from outfalls.

(¢) Special condition 31 - Assessment of ground water contamination resulting
from 300-M area operations and necessary cleanup activities of this area
to be submitted by December 31, 1985.

The Scuth Carolina Department of Health and Environmental Control (SCOHEC) feels
confident that uranium can be regulated by the Department based on water quality,
however; the Department of Energy (DOE) feels that this parameter is under their
jurisdiction by the Atomic Energy Act. In an attempt to prevent delays in the
liquid effluent treatment facility operations which will eliminate wastewater
discharge :to the M-Area seepage basin, the Department agreed not to place a
uranium 1imit on the permit at this time, but to record resuits in the discharge
nggtoring veports and to follow the procedure listed in your ‘letter of February 15,
s item 1. .



i

R.P. Whitfield
Page 2

The Liquid Effluent Treatment Facilities (LETF) will be operated so
as to achieve the target limits for uranium of 1.0 mg/1 daily maximum
and 0.5 mg/1 monthly average. If the targetlimits are not met, SRP
will notify the South Carolina Department of Health & Envirommental
Control (SCDHEC) in writing. This written notification will include
(1) the reasons for the excursion, (2) remedial actions necessary and
(3) a request for SCOHEC concurrence with the chosen course of action.

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

SCDHEC-approved acute toxicity tests with bluegill sunfish and
daphnids will be conducted to support the Outfall M-004 target
limits for uranium. The tests will be 48-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 effluent will be used in these tests. Dilution water for
the studies will be from the receiving stream, Tims Branch. Test
results will be transmitted to SCDHEC within 120 days of SCDHEC
concurrence of this program. The uranfum toxicity studies will be
conducted by Environmental and Chemical Sciences, Inc. of Aiken,
SogchCarolina. Their SCDHEC biological certification number is
#02102.

Since no schedule was presented for the toxicity testing, this office will
offer the folilowing schedule:

A. Submit to DHEC for review and approval a toxicity study plan by
August 23, 1985.

B. Complete study by November 23, 1985.
C. Submit report on findings by February 23, 1986.

Please note although the Department is in overview roll at this time, if we are
not satisfied with DOE's responses or decide to go forward with the issue at a
later date, we reserve the right to do so.

The NPDES permiit modification for outfall M-004 submitted September 25, 1985,
stated the following concerning total toxic organics (TT0):

“A solvent management plan and certification statement will be submi tted
to SCDHEC in lieu of monitoring total toxic organics at M-004 outfall of
the LETF." .

As of this date this office has not received tne solvent management plan. It
should be noted that this plan must be submitted to DHEC for review an approval
prior to discharging from outfall M-004. Therefore, we are requesting the
jmmediate submittal of the plan in order for this office to have an adequate
time for review.

(L



R.P. Wnitfield
Page 3

In Jim Joy's letter of April, 1985 he requested a schedule for the submittal
and completion dates for when DOE feels the plans can be implemented, for the
50% mixing zone monitoring plan (special conditions #16) and the biological
monitoring plan 6pecial conditions #17). This office would 1ike that these
schedules be submitted to DHEC by June 7, 1985 to insure that this office
will have sufficient time to review and approve these plans.

If you should have any questions please call.
Sincerely,

Badk FCidon

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

JBR/jf

cc: Kin Hill, Lower Savannah District

»r
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ATTACHMENT II

A. Coffey to S. R. Wright. Re: NPDES Permit #5SC0000175 (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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2600 Bull Street
Columbis, $.C. 29201

Robert S. Jackson, M.D.

South Carolina Department of Health
and Environmenta! Control

Board
Moses H. Clarkson, Jr., Chairman
Gersid A. Kaynard, Vice-Chairman
Orén L. Brady. Jr., Secretary
Barbara P. Nuessle
James A. Spruill, Jr.
William H. Hester, M.D.
Euta M. Colvin, M.D.

Commissionsr

Mr. S.R. Wright, Acting Director
Environmental Division
U.S.DOE/Savannah River Plant
P.0. Box A

Aiken, S.C. 29802

Re: NPDES Permit #SC0000175 (Condition
#28) Uranium Acute Toxicity Study
Savannah River P1t., 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-004 NPDES uranium target limits. Static
toxicity tests were conducted February 5-14, 1986, according to accepted
methods, using Daphnia pulex and bluegill sunfish (Lepomis macrochirus) as test
organisms. Results were reported appropriately.

As stated in the memo, safety factors calculated from a maximum uranium
concentration at the A-014 Outfall, of 0.06 mg/1, and a LCsq range of
0.22-1.67mg/1, result in a safety factor range of 3.7-27.8. Also, it is
suggested that, "receiving stream dilution is adequate to protect the aquatic
organisms...".

The 7Q10 of Tim's Branch is 0.258 MGD (0.977 million liters per day). This
level of dilytion would result in a maximum concentration of 0.05 mg/1 in Tim's
Branch at the discharge. The corresponding safety factor range of 4.4-33.4 is
well below the safety factor of 100 used by SCOHEC to address chronic (long
term) impact. The monthly average uranium concentration of 0.03 mg/1 and
safety range of 7.3-55.7 would not be significantly less instream. In
addition, static toxicity tests generally result in higher LC5g values than do
flow through tests, making organisms appear less sensitive.

In view of the safety factor ranges for the maximum and.average uranium
instream (target) concentrations at 7Q10, there appears-to be a possibility of
impact in Tim's Branch due to chronic toxicity at these concentrations.

RS IS S R S

e



crem - e cm s e e g o

* In accordance with your July 30, 1986 memo, please submit the 1nstream
water chemistry/biological study report by May 23, 1987.

If 1 may be of any assistance, please feel free to call me at 734-5252.

Sincerely,

Mo Hy

Alan Coffey, Engineer
Industrial & Agricultural Wastewater
Division
AC/jf
cc: Kin Hill

Gary Hoover
Jack Roberts



ATTACHMENT I

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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Environmental Division
Danartmant af Enerau

Savannah xivor Opo;itions Office

PoOo a

Atken, S.C. 29802

Re: DETF-IST/M Area
' DOE/Savannah River Plant

Dear Mr, Wright:

Per your May 3, 1988 Tetter, this Office has reviewed the enginesring
report, plans and specifications for the system to decant and transfer
supernatant from the interim storage tanks to the dilute effluent treatment
facility at the Savannah River Plant. Our concerns are as follows:

l.

Table 2-1 of the report shows that the IST No. 8 supernatant has
& higher uranium concentration than the existing OETF {nfluent.
A review of the OMR Data from October 1986, shows that effluent
uranium concentration ranged as follows:

A, Dadly MaxiEum. 047 L0 1.19 mg/)

/
8. Daily Average: .034 to .301 mg/

The treatability data shows that the proposed mixture can be treated
to 0.03 my/1. In Vight of the past parformance, please address the
capability of the existing equipment to treat this influent with a
higher uranium concentration to mest the 0.5 mg/1 effluent leve).
Nots, this Tevel may be too high based on discussinns in Item 2.

. Through previous corrosgondonco and discussions, this Office has ex-

prassed its concern with the toxicity due to uranium in the effluent.
310logical tasting was required with the rasults showing @
96-Hr, L 39 = 1.67 mg/1 for blue gi11 fish and a 48-Hr. LCSp = 0.22
mg/1 for flathead minnows. The biological testing was performed
in solutions prepared from water obtained from upper -Thrse Runs
Crask and various conecentrations of uranyl nilrate. -
A safety factor of 100 with acuts tavicity tegte i3 used by SCONC
to address chronic (1ong term) impact. Using this factor, the instream
uranium concentration that would not cause an impact !oulg.nuog_fghg0
0.0022 mg/1 to 0.0187 mg/1. Using the 7Qi0 of 0.258 for Tims Branch
and the coolin? water flow OF 0.72 MGD, this would result in
dcceptable affiuent limits of 0.027 to 0.21 mg/1.

mooocmigr o geo "
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A raview of the DMR data from October 1986 is provided in Item 1.
Th;]o;flu?nt Tavels are all above 0.027 mg/1 and many excasd the 0.2]
mg/1 Teval,

This Office, therefors, continues to ba concerned with the possible
impact of the MOO4 Discharge on the receiving water. Based on these
discussions, and the addition of a wastewatsr stream with a higher

- concentration of uranium to the DETF, this Office proposes to modify

the NPDES Permit to roguirc seven day chronic toxicity testing for the
discharge from MOO4, This testing will demonstrate the impact o the

-~ actual effluent lavels and forms of uranium as well as the additive

3.

by
.

impact of a11 the constituants in tha wastactvasm

Attacned pledase find the proposed Part 111 modification. Racad an
vie reaulls OF this testing, the target limits for uranium may be
modified and/or 11mits may be placed in the Parmit.

The treatability study states that a composite sample of IST No. 8
supernatant was mixad with ten samples of M-Ares dilute wastewater.
The treatabiiity study was then performed (page 2-8). Average

" -7 concentrations for the mixed samples and treatability results were
‘provided. Please provide the separate analysis for the 10 samples

‘4.

and the treatability resuits for the ten sampies.

Tables 2-3, 2-4, 2-5 and 2-6 nota that tanks 1-6 where sampled in
November, 1986 and analyzed December, 1986 through October, 1987

and that tank 8 was sampled in January, 1987 and analyzed Wovember,
1987 through Janusry, 1988, Stindard mathods speciiies the weaimum
recommandad storage time for matals is six months. Fur nilralus

and phosphates the maximum recommended storage time is 48 hours.

Was this testing performed by a South Carclina certified Taboratory?
P1oa:: dddress the effect on the analytical results and treatability
results,

A discussion of treatment for IST No. 4 is discussed on page 2-11.

It 13" stated that the addition of Sodium Hydroxide will raise the

pH which will result in & reduction of Uranium and sludge in the

tank. A treatability study should be provided te demonstrate this.

In addition, this Office has concerns regarding dissolving the sludge
and then treating the supernatant through the OETF. It appears that -
this will only be transferring the sludge from tank #4 to the DETF
for disposal.
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6. The treatability study was performed only on tank #8. The concen-
tration of the other tank’s supernatant vary considarably from this.
As an example, Uranium varies from 12 mg/1 in tank #8 to 180 mg/1 in
tank #4 and 63 mg/1 in tank #3. Aluminum varies from 2100 mg/1 in
tank #8 to 6300 mg/1 in tank #2 and 4400 mg/1 in tank #8, 3?..,.
addrass how this will :be accounted for." 1t appears additiom

treatability studies are needed. T o

7. The.treatability study for tank #8 states that a 30:1 dilution of the
IST. supernatant is nesded. "Will a:-greater dilution be needed for the
sanks wiih Wigier concentrations? (his Office has concerns that
dilution {s neaded Lu achisve the Timitations. As discussed

praviously, we do not feel dilution is a solution to the treatment of
wastewater. v T

8. The proposed project addrasses the treatment of the supsrnatant but -
not. the .ultimate disposal of the sludges associated with the Liquid
Effiuent ‘Treatment Facility (LETF). While this project will be
provided additional :time, this Office feels that SRP should address
. ultimate disposal of'tho'ﬂudgo'at‘thu time. A schedule for
accomplishing this goal should also be submitted.

9. In the Engineering Report, page 2-6, the connection of the IST
sugornatant discharge through an existing unused header, to the
DETF Equalization Tanks is discussed. Please provide plans and
caszifications fur i waisiing unuseq neaqer and the connection.

sV, In tne Design Criteria and Calculations Equipment Specifications,
Section 5.1.4, the flow control instrumentation 1is discussed as
being identical to the existing waste acid and waste caustic
{nstrumentation for additions to the equalization tanks, which
SCOHEC approved in the original LETF construction parmit. Please
~ submit specifications for this instrumentation.

Please review our concerns at Kour earliest convenience. In addition,
send comments and/or approval of the proposed Oraft modification as soon as
possible. If you have questions, please contact me or Sue Schweikart at

734-5300,
Sinceraly,
‘ - Nancy Weatherup, P.E.
Q : inuusLrial ang Agricuitural
Wastewatar Division
. NW/ 3¢

cc: Kim Cauthen, Lower Savannah
David Wilson, BSHWM
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, 3,

36.

3z,

38.

39.

Burldh of

weler Pullution Lontro{ ) Permit No.: $Co00017¢

A completed NPDES Form 2¢ containing actual {nfluent and effluent data from

the F/H Effluent Treatment Facility shall be submitted to SCOHEC within four (4)
months after the ETF first begins to discharge.

The Permittee shall develop and, after SCDHEC's approval, implement a bio-
Togical study on a quarterly basis to determine the impact of Outfall H-015
on the aquatic communities in the recefving stream, The btological study
program will consist of a one-year baseline study prior to discharge and 2 .
three-year post startup study. The bioTogical study plan shall 1neclude an
assassment of the {nstream macrotnvertsbrats community., Also, the biological

study plan chall doterming if bigc»uu@ulction_pf mercury 18 occurring in the
acauatic orasnicme 1 ot recaiving STtream. . (ne Permittee shall submit the

biological stud{ plan to SCOHEC for approval no later than four (4) months
after the OQutfall H-016 permit modification becomes effective. After sub-
mittal and review of the biological study final report (final report will

contain both base 1ine and post startup studies, SCONEC has the authority

to request mitigative action and/or continued studies of & nature and fre-
quency to be agreed on with the Permittee,

The Permittes shall develop and maintain at the permitted facility a complete
Operations and Maintenance Manual for the waste treatment plants. The manual
shal]l be available for on-site review during norma! workin? hours. The manual
shall contain operation and matntsnancs inetriurtinng for all equipment and
appurtenances assocfated with tha wacte traarmant nlane Tha mamial akzt1
contain @ general description of the treatment process(es), operating char-
actaristics that will produce maximum treatment efficiency and corrective
actfon to be taken should operating dificulties be encountered.

Where applicable, the definition for "daily average" shall be taken to be
equivalent to the definition for “monthly average" provided in Part I., C.8.a,
of the NPDES Parmit boiler plate. o

For Qutfall MOO4:

A. On a monthly basis, a 7-day chronic renew: toxicity test shall be conducted
using a control and the instream waste concentration (IWC) of 8%. The test
shall be conducted using Ceriodaphnia dubia as the test organism and in accord-
ance with "Short-term Methods for Esf?mat!ng the Chronic Toxicity of Effluents
and Receiving Waters to Freshwater Grgani;m'(!FA/GOO/&-G!/OI‘). Testing shail
begin October 1, 1500 and results she)} be suomitted TO the Uepartmant within
fifteen days of completion of each monthly test. Twelve consacutive acceptable
months of toxicity results may result in quarterly testing in 1ieu of monthly

B. Reopener Clause - toxicity

If eny monthly tast results indicate a sigrificant difference in Cerioda hnia
dubia reproduZt1on or survival between tng control and instream wasta concene
tration at the 95% confidence level (p = 0.05), a toxicity reduction plan
shall be submittad within 60 days of tiia Department notification. Upen ,
Department approval, this shall become a part of thie permit. This permit may
be modified or revoked and reissued to fnecerporate toxicity limitations and

monitoring requirements in the event toxicity testing or other studies conductea
an the ::.‘g'!ur.nt o vecetving atieam indicacte tnat gatrimental erracts may be
evpected dn the recsiving stream as @ resuit oF thnis discharge.

DRAFT

!
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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 Dcpartment of Health
and Environmental Control Riz43:g

2600 Bull Street
Columbia, S.C. 29201

Board
Harry M. Haliman, Jr.. Charrman
Toney Graham, Jr. M.D.. Vice-Chairman
John B. Pate. M.D.. Secretary
Oren L. Brady. Jr.
Moses H. Clarkson, Jr
Euta M. Colvin. M.D.

March 15, 1989 Henry S. Jordan. M.D

Commissioner
Michael D. Jarrett

S. R. Wright, Director
Environmental Division

Savannah River Operations Office
P.0. Box A

Aiken, South Carolina 29802

Re: S.R.P. M - Area
Biological and Chemical Assessment of M=-Area Process
Dischargs 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
1ist of their observations and comments.

1. Chenistry

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. - “Macroinvertebrates

A. The studies conducted vere 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 18,
Page 2

3.

1989 '

Periphyton

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

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 decline of toxicity
during the year of testing but rather indicatiovns 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 instrean waste concentration (89.2%)

at 7Q10 (0.258 mgd), chronic toxicity tests should be
conducted to directly address chronic toxicity. Th
high IWC and the variable nature of acute toxicit
indicate a real potential for chronic toxicity.

Questions concerning these comments should be directed to Mr.
Butch Younginer, Manager of Water Quality Monitoring Section, at

734-5401.

ccM\jh
cc:

Sincerely,

C.W
c:ggebc.‘:g;t ome

Environmental Quality Manager
Water Quality Assessment and
Enforcement Division

Steve Thomas

Kim Cauthen
Butch Younginer

File: sropera.doc



ATTACHMENT V

Test Report No. A16747, 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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/@«( ErE 118/ 5]
Al ialytiKEM An American NuKEM Company

AnatytiKEM Inc.
28 Springdale Road
Cherry Hill. NJ 08003
609/751-1122

4 215/923-2068

RI6747
TEST REPORT NO. aAd++4F, Revision II

January 13, 1989

Prepared for:
E.I. DuPont de Nemours & Company
Atomic Energy Division

Savannah River Plant
Aiken, SC 298038-0001

Attention: John L. Keyes

Date of Sample Receipt: July 29, 1988

. Sampled by: Client

Sample Quantity: Fourteen (14)

| Reviewed & " '
NJ Certification No. NJ 04012 Approved by%&d/;&m&ﬁi
—_— A A

NY Certification No. NY 10815 Name : Michael Shmookler, Ph.D.

SC Certification No. SC 94004 Title: Technical Director

NC Certification No. NC 258



ih

I.

I1.

I1I.

Iv.

V.

VI.

Vii.

VIII.

TABLE OF CONTENTS

Introduction (Revised Shealy Environmental Report)
Methods (Shealy Environmental Report)

Results (Shealy Environmental Report)

References (Shealy Environmental Report)

Analysis of Test Solutions (AnalytiKEM Report)
Methodology (AnalytiKEM Report)

Quality Control Data (AnalytiKEM Report)

Uranium Detection Limit Study

AnalytiKEM

7 =19
20

21 - 22
23
24

25 - 28



ACUTE AND CHRONIC TOXICITY OF URANYL NITRATE TO CERIODAPHNIA DUBIA

Report To

savannah River Plant

Aiken, South Carolina

Revised January 1989

SHEALY ENVIRONMENTAL SERVICES, INC.

BIOLOGISTS, TOXICOLOGISTS & CHEMISTS




ACUTE AND CHRONIC TOXICITY OF URANYL NITRATE TO CERIODAPHNIA DUBIA

Report To

Savannah River Plant

Aiken, South Carolina

Revised January 1989

Submitted By

SHEALY ENVIRONMENTAL SERVICES, INC.
Columbia, South Carolina
(803) 254-9915

SCDHEC Laboratory Certification No. 26103

<

esident

aly,



I. 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.

II. 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
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 bgfore being used in the toxicity
tests.

A total of four range-finding tests were conducted July 19 - August
5, 1988, with concentrations ranging from 0.0018mg/1 - 1.0 mg/l
reagent grade uranyl nitrate (0.00085 - 0.4740 mg/1l theoretical
Uranium) (Table 1). These tests were used to determine test

concentrations for the definitive acute and chronic tests.

A. Acute Toxicity Test.

Test methods 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/1l
(0.490mg/1 actual recovered uranium), 0.56 mg/l (0.290mg/l uranium),
0.32 mq/l (0.140mg/1 uranium), 0.18 mg/l (0.081mg/l uranium) and 0.10

mg/l (0.044mg/1 uranium). For the control, 100% dilution water was
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Table 2: Summary of test conditions for the acute toxicity
bioassay with Ceriodaphnia dubia.

1.
2.
3.
4.
5.
6.
7.

10.
11.

12.

13.
14.

Temperature:

Light intensity.
Photoperiod:

Size of test vessel:
Volume of test solution:
Age of test organisms

No. animals per
test vessel:

No. replicate test
vessels per
concentration:

Total no. organisms
per concentration:

Feeding regime:

Aeration:

Dilution water:

Test duration:

Effect measured:

25+ 1C¢C

Ambient laboratory levels
16 h light/8 h dark

250 ml beakers

100 ml

2=24 hour old neonates

10

20

No feeding required

None, unless D.O. falls

below 40% saturation, at which
time gentle single-bubble
aeration started

Upper Three Runs Creek Water
at the Savannah River Plant
Road 2-1
48 hours

Mortality - no movement of
appendages on gentle prodding



used. All 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
toxicant cadmium chloride (Lab. I.D. 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 (0.056-0.198mg/l). Test solutions and the controls were
prepared in 100 ml quantities in all-glass test chambers. All °

concentrations and the control were tested in duplicate with ten

Ceriodaphnia 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. All uranyl
nitrate test concentrations were prepared fresh daily from the
100mg/1 stock solution by dosing the dilution water with the
appropriate aliquot using Hamilton microliter syringes (accuracy and
reproducibility to i 1%) except for the 1mg/l concentration which was
made up using a 1 ml Class A volumetric pipet. The uranyl nitrate
stock solution was stored at 4°C during testing. Samples of all test
solutions were preserved with 0.15% metals grade nitric acid and

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

verification. .



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
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.

B. Chronic Toxicity Bioassay

Test methods conformed to those described in USEPA (1985b; see Table
3). 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 Creek
Water). The uranyl nitrate solutions were 0.0032mg/l, 0.0056mg/1l;
0.01mg/1l, 0.018mg/l, 0.032mg/l , 0.056mg/l and 0.10mg/l (actual
recovered uranium values of <0.0013mg/1l, <0.0013mg/l, 0.0021mg/1l,
0.0014mg/1, 0.0096mg/1, 0.015mg/1 and 0.044mg/1, respectively). All
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 2
1%). The test organisms were exposed to each treatment in individual

test chambers. Test solutions were renewed daily.



Table 3: Summary of test conditions for chronic toxicity
bioassay with Ceriodaphnia dubia.

1. lemperature:
2. Light intensity:"
3. Photoperiod:

4. Size of test vessel:

5. Volume of test solution:

6. Age of test organisms

7. No. animals per
test vessel:

8. No. replicate test
vessels per
concentration:

9. Total no. organisms
per concentration:

10. Feeding regime:

11. Aeration:

12. Dilution water:

13. Test duration:

14. Effect measured:

25 + 1%
Ambient laboratory levels
16 h 1light/8 h dark

1 ounce SOLO plastic
disposable cups

15 ml

2-24 hour neonates and all

released within the same four

hour period

10

10

Selenastrum capricornutum at the

rate of 1-2,000,000 cells
per ml. test soln. per day

None

Upper Three Runs Creek
Water at the Savannah River
Plant Road 2-1

7 days

Mortality - no movement of

appendages on gentle prodding

and number of offspring
produced



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 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 *est. Transfer of the neonates was accomplished .
using an eye dropper where the organism was never removed from

solution. All Ceriodaphnia were fed the green alga Selenastrum

capricornutum at a rate of approximately 1,000,000 cells per ml. test
solution per day. Selenastrum cultures were obtained from Caroiina
Biological Supply Company and cultured in natural spring water and
Alga-Gro media in 1l-liter 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.

- -

I1I. 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
recovered from the analyzed uranyl nitrate solutions. Mortality’

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



Table 4. Number and percentage of Cariodaphnia showing effect (death)
during the 48-hour static renewal biocassay to determine the
acute toxicity of Uranyl nitrate to Ceriodaphnia dubia, ‘

August 10 - 12, 1988. Concentrations in theoretical
and actual recovered uranium. Ten test organisms per

replicate. s
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

0.047mg/1 0.044mg/1 0%
B 0 0
A 0 10 '

0.085mg/1 0.081mg/1 100%
B 0 10
A 10 10 .

0.15mg/1 0.l4mg/1 100%
B 10 10
A 10 10

0.27mg/1 0.29mg/1 100%
B 10 10
A 10 10

0.47mg/1 0.49mg/1 100%
B 10 10



0.290mg/1 (100§ mortality) and 0.490mg/1 (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 (EPA, 1985a). This calculation resulted in a 48-hour LCSO
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. All parameters monitored were within acceptable

limits for bioassay purposes.

B. Chronic Toxicity Bioassay

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/l (20% mortality) and
0.0014mg/1 (10% mortali“y) recovered uranium concentrations. No
mortality occurred in the control. Reproduction in the control
averaged 32.9 offspring per female. One male was observed in the
0.015mg/1l and 0.044mg/1 uranium concentrations. Males were not

included in calculating the reproduction data as specified by SCDHEC

(Mr. Dave Graves, Biological Services Division, personal

communication) .
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Table 6. Survival and reproduction of Ceriodaphnia dubia exposed
to solutiors of uranyl nitrace 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

4 8 0 3 1 3 9 0 7 0 0

S 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 11 13 2 1

TOTAL 36 39 35 26 29 50 36 37 24 17

Mean Number of Young/Female = 32.9 (S.D.= $+9) Survival = 100%

Conc. Day A B c D E F G H I J
Theoretical U

0.0015mg/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

<0.0013mg/1l 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 11 10 10 12 10 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. ---Day A B C D E F G H I J
Theoretical U

0.0027mg/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

<0.0013mg/1 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 10

6 11 11 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%
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Table 6. (Continued)

Conc. Day A B C D E F G H

-
(<]

Theoretical U ;

0.0047 mg/11 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 4] 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 XxX/2 12 7 16 11 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 = 21.2 (S.D.= #9) Survival = 80%
Conc. Day A B C D E F G H I J
Theoretical U
0.0085mg/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
0.0014mg/1 3 0 0 0 0 0 X/0 0 0 0 0
4 0 3 4 0 0 - 5 1 0 0
5 0 9 9 7 8 - 7 9 8 11
6 0 13 5 4 0 - 0 12 0 13
7 12 0 14 0 0] - 0 0 12 0
TOTAL 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

>
(o1}
(9]
o
9
o
()]
=
2]
Q

?heoretical U
0.015mg/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
0.0096mg/1 3 0 0 0 0 0 0 0 0 0 0
--4 3 0 0 4 8 0 3 0 0 0

S 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%
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Table 6. (Continued)

Canc. Day A B C D E F G H X J
Theoretical U
0.027/mg/1 1l 0 0 0 0 0 0 0 0 0 0
Recavered U 2 0 0 0 0 0 0 0 0 0 0
0.015mg/1 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 o*
Mean Number of Young/Female = 18.3 (S.D.= $3) Survival = 100%
Conc. Day A B Cc D E F G H I J
Theoretical U
0.04/mg/1 1 0 O O O O O ©0 0 o O
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 0
4 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 10 10 9 7 8 0
7 S 6 8 4 0 5 2 5 6 0
TOTAL 10 19 19 15 14 18 15 17 14 o*
Mean Number of Young/Female = 15.7 (S.D.= +3) Survival = 100%

* Male -~ Not included in reproduction data.
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Average reproduction in the uranyl nitrate solutions

Control

Theoretical U Recovered U

0.0015mg/1 <0.0013mg/1 =
0.0027mg/1 <0.0013mg/1 =
0.0047mg/1 0.0021mg/1 =
0.0085mg/1 0.0014mg/1 =
0.015mg/1 0.0096mg/1 =
0.027mg/1 0.015mg/1 =
0.047mg/1 0.044mg/1 =

The reproduction data were tested

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

32.9 offspring per

30.1
23.5
21.2
16.6
17.5
18.3

15.7

offspring
offspring
offspring
offspring
offspring
offspring

offspring

per
per
per
per
per
per

per

was as follcows:

female

female
female
female
female
female
fe ale

female

for normality using the Chi-sduare

Test. Log transformed data were found to be normally distributed .

(Chi-Square = 6.915, critical value =

variances (Bartlett's = 8.22;

critical value = 12.59).

13.28) with homogeneous

Statistical

analyses of the results using Dunnett's Multiple Comparison Procedure

indicated chronic toxicity at the 0.0027mg/l, 0.0047mg/l, 0.0085mg/1,

0.015mg/1, 0.027mg/1 and 0.047mg/l1 theorectial uranyl nitrate (as

uranium) concentrations (actual recovered uranium concentrations

<0.0013, 0.0021, 0.0014, 0.0096, 0.015 and 0.044mg/1, respectively).

The no observed effect concentration (NOEC) was 0.0015mg/1 uranyl

nitrate (as uranium)

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

nitrate (as uranium)

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

-14-

(<0.0013mg/1 actual uranium).

(<0.0013mg/1 actual recovered uranium) while the

The chronic value



0.0020mg/1 uranyl nitrate (as uranium).

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/l 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.0. Temp. PpH Cond. Hard. Alk.
Date Treatment (mg/1) (%) (SU) (umhos/cm) (mg/1l) (mg/1)
8/5 Control 8.0 24.5 7.0 18 6.1 1.1
0.0032 mg/1 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/. 8.0 24.5 7.0 21 - -
0.032 mg/1 8.0 24.5 6.9 21 - -
0.056 mg/1 8.0 24.5 6.9 21 - -
¢.10 mg/1l 3.0 24.5 7.4 22 - -
8/6 (Before Renewal)
Control 7.8 - - - - -
0.0032 mg/1 7.8 - - - - -
0.0056 mqg/1l 7.8 - - - - -
0.019 mg/1 7.9 - - - - -
0.018 mg/1 7.9 - - - - -
0.032 mg/1 8.0 - - - - -
0.05€ mg/1 8.0 - - - - -
0.10 mg/: 8.0 - - - - -
8/6 (After Renewal)
Control 3.0 26.9 7.5 - - -
0.0032 mg/1 £.0 26.0 7.3 - - -
C.0056 mg/1 8.0 26.90 7.2 - - -
0.010 mg/1 8.0 26.0 7.4 - - -
0.C18 mg/1 8.0 26.0 7.3 - - -
0.032 mg/1l 8.0 26.0 7.4 - - -
0.056 mg/1 8.0 26.0 7.3 - - -
0.01 mg/1 8.0 26.0 7.3 - - -
8/7 {Before Renewal)
Control . 7.8 - - - - -
0.0032 mg/1l 7.8 - - - - -
0.0056 mg/1 7.9 - - - - -
0.010 mg/1l 7.9 - - - - -
0.018 mg/1 7.8 - - - - -
0.032 mg/1 7.8 - - - - -
0.056 mg/1 7.8 - - - - -
0.01 mg/1l 7.8 - - - - -
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Table 7. Continued:
D.0O. Temp. PH Cond. Hard. Alk.
Date Treatment (mg/1l) (°c) (SU) (umhos/cm) (mg/l) (mg/l)
8/7 (After Renewal)
Control 7.9 26.0 6.7 - - -
0.0032 mg/1l 7.9 26.0 6.7 - - -
0.0056 mg/1l 7.9 26.0 7.1 - - -
0.4510 mg/1l 7.8 26.0 7.0 - - -
0.018 mg/1 7.8 26.0 7.1 - - -
0.032 mg/1l 7.8 26.0 7.1 - - -
0.056 mg/l 7.9 26.0 7.1 - - -
0.01 mg/1l 7.5 26.0 7.2 - - -
8/6& (Before Renewal)
Control 7.7 - - - - -
0.0032 mg/1l 7.6 - - - - -
0.0056 mg/l 7.2 - - - - -
0.010 mg/1l 7.2 - - - - -
0.018 mg/1l 6.8 - - - - -
0.032 mg/l 7.0 - - - - -
0.056 mg/1 7.0 - - - - -
0.01 mg/l 7.5 - - - - -
8/8 (After Renewal)
Control 7.7 26.0 7.5 - - -
0.0032 mg/l 7.7 26.0 7.3 - - -
0.0056 mg/1l 7.8 26.0 7.1 - - -
0.010 mg/1 7.5 26.0 7.1 - - -
0.018 mg/1 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/1l 7.5 26.0 7.1 - - -
8/9 (Before Renewal)
-€ontrol 7.7 - - - - -
0.0032 mg/1 7.7 - - - - -
0.0056 mg/1l 7.6 - - - - -
0.010 mg/1 7.6 - - - - -
0.018 mg/1 7.5 - - - - -
0.032 mg/1l 7.6 - - - - -
0.056 mg/1 7.6 - - - - -
0.10 mg/1 7.4 - - - - -
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Table 7. Continued:

D.O. Temp. PpPH Cond. Hard. Alk.
Date Treatment (mg/1) (oC) (SU) (umhos/cm) (mg/l) (mg/1l)
8/9 (After Renewal)
Control 7.7 26.0 7.1 - - -
0.0032 mg/l 7.7 26.0 7.0 - - -
0.0056 mg/1 7.7 26.0 7.0 - - -
0.010 mg/1 7.7 26.0 7.0 - - -
0.018 mg/1 7.7 26.0 7.0 - - -
0.032 mg/1 7.7 26.0 7.0 - - -
0.056 mg/1 7.7 26.0 7.0 - - -
0.10 mg/1l 7.5 26.0 7.0 - - -
8/10 (Before Renewal)
Control 7.3 - - - - -
0.0032 mg/1l 7.3 - - - - -
0.0056 mg/1 7.2 - - - - -
0.010 mg/1 7.4 - - - - -
0.018 mg/1 7.3 - - - - -
0.032 mg/1 7.3 - - - - -
0.056 mg/1 7.3 - - - - -
0.01 mg/1l 7.4 - - - - -
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 - - -
0.010 mg/1 7.4 26.0 7.0 - - -
0.018 mg/1 7.5 26.0 7.0 - - -
0.032 mg/1l 7.4 26.0 7.0 - - -
0.056 mg/1 7.5 26.0 7.0 - - -
0.10 mg/1 7.5 26.0 7.0 - - -
g/11 (Before Renewal)
Control 7.5 - - - - -
0.0032 mg/1l 7.4 - - - - -
0.0056 mg/1 7.4 - - - - -
0.010 mg/1 7.5 - - - - -
0.018 mg/} 7.6 - - - - -
0.032 mg/1 7.5 - - - - -
0.056 mg/1 7.5 - - - - -
0.10 mg/1 7.5 - - - - -
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Table 7. Caontinued:

D.0. Temp. PpPH Cond. Hard. Alk.
Date Treatment (mg/1l) (°C) (sU) (umhos/cm) (mg/l) (mg/l)
8/11 (After Renewal)
Control 7.5 25.5 6.8 - - -
0.0032 mg/1l 7.5 25.5 6.9 - - -
0.0056 mg/1l 7.5 25.5 6.8 - - -
0.010 mg/1 7.5 25.5 6.8 - - -
0.018 mg/1 7.5 25.5 6.9 - - -
0.032 mg/1l 7.5 25.5 6.9 - - -
0.056 mg/1l 7.5 25.5 6.9 - - -
0.10 mg/1 7.5 25.5 6.8 - - -
8/12 (Final)
Control 7.5 25.5 - - - -
0.0032 mg/1l 7.4 25.5 - - - -
0.0056 mg/1l 7.5 25.5 - - - -
0.010 mg/1 7.5 25.5 - - - -,
0.018 mg/1 7.4 25.5 - - - -
0.032 mg/1 7.4 25.5 - - - -
0.056 mg/1 7.5 25.5 - - - -
0.10 mg/l 7.5 25.5 - - - -
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ANALYSIS OF TEST SOLUTIONS

Two methods for the preparation of the test solutions used in this
study were investigated. These are:

1. Standard serial dilution method
2. Dosing with microliter syringe

Analysis of solutions, prepared using Method 1, for uranyl nitrate.
concentration (as total uranium) produced highly variable, non-
reproducible results. 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 0.1 mg/L. These results are presented '
in Table 8.
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Table 8. Results of analysis of test solutions for uranyl nitrate
hexahydrate UOZ(NO3)2'6H20 concentration.

Theoretical

Concentration of

AnalytiKEmM

Atomic Wé%gﬁt Uranium = 238.03
(All concentrations in Table 6 are

* Detection limit of 0.0013

calculated as total Uranium.)

Theoretical Uranium Uranium, total

Concentration of (Derived from (Observed)

UOQ(N03)2'6H20,Agg/L Weight % Calculation) mg/l
0.0032 .0015 <.0013%*
0.0056 .0027 <.0013*
0.010 . 0047 .0021
0.018 .0085 0014
0.032 .015 .0096
0.056 .027 .015
0.100 047 <044
0.180 .085 .081
0.320 .15 «140
0.560 «270 «290
1.00 «470 <490

Notes:

MW UO, (NO 6H 0 = 502.13

Percent
Uranium

Recovery
N/A
N/A

45
16
+ b4
56
94 ‘II.
95
93
107

104

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

See Table 1 & 2 which were submitted. to DuPont oa October 24, 1988.
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Vi. METHODOLOGY

Metals

Agueous

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 Spectroscopye.

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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VII. QUALITY CONTROL DATA

Matrix Spike/Matrix Spike Duplicate Recovery Data

Sample Amount Recovery
Constituent Spiked of Spike MS  MSD RPD
Uranium DI Water .10 116 124 7
Units (mg/L) (%) (%) (%)

Note: Deionized water was spiked with uranium to give a 0.100 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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AnalgtiKEM An American NuKEM Company

AnalytiKEM Inc.

(ﬂ/‘y // A 28 Springdale Road
) o{" ) / - 1 Cherry Hill, NJ 08003
, g ,
y 7 609,751-1122
p W . A ‘(5, ' 215/923-2068
: /V"U/ ?V‘ October 24, 1988

E.I. du Pont de Nemours & Company, Inc.
Atomic Energy Division

Savannah River Plant

Aiken, 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 limit (InL) '
and spike recovery studies were undertaken, and the results are as

follows:

1) 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 1.

2) The spike recovery study was performed by ICP as well. Five standards
were run at the following levels: 1 ppb, 5 ppb, 10 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,
AnalytiKEM, Inc.

Jistid

William A Fithian
Laboratory Manager

WAF/eml

cc: P. de Andino
J. Shearard
J. McLaughlin
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Table 1

Uranium Detection Limit Study

Uranium Standard Recoveries

Actual Values: 201
194
19°
204
222
214
216
206 .
219 :

3 X0 = INSTRUMENT DETECTION LIMIT = 30.6 ug/l ‘

Note: Study was conducted at 385.958 nm



Table 2

Uranium Standard Recovery Study

AnalytiKeEmM

STANDARD CONCENTRATION CONCENTRATION (ug/l) CALCULATED PERCENT
AMOUNT (ug/1) FACTOR RECOVERED IN CONCENTRATE | CONCENTRATION | RECOVERY
1.0 1000/10 87 0.87 ug/l 87
5.0 1000/10 504 5.04 ug/1 101
10 100/10 96 9.6 ug/l 96
25 100/10 248 24.8'ﬁg/1 99
50 100/10 459 45.9 ug/l 92

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

in 2% nitric.
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Methodology

Metals

M ueous

Sample Analysis Methods

Methods f¢r Chemical Anaiysis of Wate and Wastes, EPA 600/4-79-020,
USEPA, March 1983.

» Method 200.7: Inductively Coupled Plasma—Atomic Emission
Spectrometric Method for Trace Elemen: Analysis
of Water and Wastes.



ATTACHMENT VII

]. B. Pickett to J.L. Keyes. Inter-Office Memorandum, Scope of Work for M-Area
Effluent Toxicity Tests. E. 1. Du Pont de Nemours & Co., Savannah River Plant,
Aiken, SC 29808 (September 30, 1988).
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R-OFFICE MEMORANDUM

SAVANNAH RIVER PLANT

V9| % 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 taxicity testing to be done by Analytikem
is attached. Please transmit the scope to them..

JBP :smr
Att

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.

hemical Testi

Test the following three chemicals for acute & chronic toxicity.
eAcute toxicity = 48 hr LC5Q
eChronic 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, each 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 (gms solid/liter of water) for both acute ‘
toxicity LCsg 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.

Effluent Testing

The folldwing 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; .0 be colle -ed when air stripper and LETF
are operating, plis non-contzct 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 UO2 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.

e 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 25°C rather than
200cC.



1)

2)
3)
4)

5)

2
Preparation of HUQ,PO4 - 4H0 (Mt = Y3Bgmsfmo

Mix uranyl nitrate and phosphoric acid on a 1 mole U to 1 mole
P04 ratio.

Neutralize to pH 6-7 with NaOH.

Stir 15 minutes, and filter precipitate.
Rinse three times with D.I. water.

Dry ppt at 105° C overnight.

Resulting compound should be: HUO2POg-4H20 (Hydrogen uranyl
phosphate, or hydrogen autenite)



ATTACHMENT VIII

Test Report No. A17852 (Part I), Acute and Chronic Toxicity of Uranyl Nitrate to
Ceriodaphniag dubia. AnalytiKEM Inc., Cherry Hill, NJ 08003 (July, 1989).
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609/751-1122
’ 215/923-2068

TEST REPORT NO. Al17852 (Part I)

ACUTE AND CHRONIC TOXICITY OF URANYL NITRATE
TO CERIODAPHNIA DUBIA

April 11, 1989 ({)
¢ 14 7
Tuly 13, 1941 ( Reur$ vk
Prepared for:
Westinghouse Savannah River Company
Savannah River Site
P.0. Box 616
Aiken, SC 29802

Attention: John L. Keyes

: Reviewed & / 1
NJ Certification No. __NJ 04012 Approved by:.:nﬂfﬂﬂﬁ )2&“”“k£\

NY Certification No. NY 10815 Name: Michael Shmookler, Ph.D.

SC Certification No. SC 94004 Title: Technical Director

NC Certification No. NC 258
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SHEALY ENVIRONMENTAL SERVICES, INC.

BIOLOGISTS, TOXICOLOGISTS & CHEMISTS

o %u\ som:%m 29205 July 13, 1989 (803) 254-9915

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

Dear Mr. McLaughlin:

Enclosed please find the revised reports on the i ia chronic
toxicity tests for Hydrogen uranyl phosphate uranyl nitrate-and the
M-Area effluents. As you will see from the repor e 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 peen 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 uvse 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).

Ql. 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 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 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 [Log (NOEC) + Log (IQEC)] =

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,

/"/

-~

Richa L.
President

CERTIFED LABORATORY
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I. INTRODUCTION

Acute and chronic toxicity tests were conducted January 25 - February

16, 1989, for the Savannah River 8ite to assess the acute and chronic

toxicity of uranyl nitrate to Ceriodaphnia dubia.

IXI. METHODS

Dilution water for the toxicity tests was collected January 23 (Lab

I.D, No. 89-0129), February 9, 1989 (Lab I.D. No. 89-0364), and

February 12, 1989 (Ladb I.D. No. 89-0371) from Upper Three Runs Creek

at the northside of a bridge on Road 2-1 on the Savannah River Plant

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

Federal Express. The water was filtered with a plankton net (37 mnm)

and only water less than 96 hours old was used for the toxicity tests.
Cericdaphnia for the acute and chronic tests had been cultured in .

creek water since October 25, 1988.

A. Acute Toxicity Test

Test methods conformed to those described in USEPA (1985a; see Table
1). The 48-hour acute toxicity test was conducted January 25 - 27,
1989, with the following concentrations of uranyl nitrate: 1.0 mg/1l
(0.500 ng/l'ictual recovered uranium), 0.56 mg/l (0.270 mg/l recovered
uranium), 0.32 mg/1 (6.150 mg/l recovered uranium), 0.18 mg/l (0.088
ng/1 recovered uranium) and 0.10 mg/l (0.051 mg/l recovered uranium).

For the control, 100% dilution water was used.

All organisms used in the toxicity tests were from SHEALY

ENVIRONMENTAL SERVICES, INC.’s in-house cultures which were obtainead ‘



Table 1: Summary of test conditions for the acute toxicity

bioassay with Ceriodaphnia dubia.
1. Temperature: 25 + 1°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: SO0 ml
6. Age of test organisms: 2-24 hour old neonates
7. No. animals per
test vessel: 10
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 Three Runs Creek
Water at the Savannah River
Plant Road 2-1
13. Test duration: 48 hours
14. Effect measured: Mortality - no movement of

appendages on gentle prodding



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 EPA reference toxicant
cadmium chloride and laboratory reagent grade cadmium chloride are
performed monthly on Ceriodaphnia cultured in water from Upper Three
Runs Creek and in conjunction with the chronic toxicity tests. The
results of these tests (LCS50’s = 0.08 - 0.17 mg/l cadmium chloride)
demonstrated that the condition of the cultures were within the
acceptable range for the test organisms (0.059 - 0.199 mg/1 cadmium
chloride). Test solutions and the controls were prepared in 50 ml
quantities in all-glass test chambers. All concentrations and the '
control were tested in duplicate with ten Ceriodaphnia 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 ‘
January 25, 1989, using reagent grade uranyl nitrate by rapidly
weighing 0.0100 grams of the chemical onto a tared weighing paper in a
balance containing desiccant. All uranyl nitrate test concentrations
for the acute test were prepared from the 100 mg/l stock solution
using Class A volumetric pipets. The uranyl nitrate stock solution
vas storsd at or below 4°Cc during testing. Samples of all test
solutions for the acute and chronic tests were preserved with 0.15%

metals grade nitric acid and shipped with ice packs via Pederal

Express to ANALYTIKEM, INC. for verification.

Dissolved oxygen, water temperature, pH, conductivity, alkalinity and
total hardness measurements were made in conjunction with the test.

Temperature was maintained at 25°¢ + 1°C in all test chambars. 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 dropper where the organism was never removed from solution.

Test chambers we¢ - examined every 24 hours for immobile Cerjodaphnia.
Immobile 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 conformed to those described in USEPA (1985b; see Table
2). The 7-day chronic toxicity bioassay was performed February 9 -
16, 1989, as seven treatments exposing 10 test organisms each. The
first treatment was the control (100% filtered Upper Three Runs Creek
Water). The uranyl nitrate solutions were 0.0032 mg/l, 0.0056 mng/1,
0.01 mg/l, 0.018 mg/l, 0.032 mg/l and 0.056 mg/l, as shown in Table 3.
Actual recovered uranium values were 0.00033 mg/l and 0.0025 mg/l,
0.0039 mg/l, 0.0081 mg/l, 0.016 mg/l and 0.036 mg/1l, respectively).
All test solutions were prepared from a 103 mg/l stock uranyl nitrate
solution preparsd February 9, 1989, by dosing the dilution water with
the appropri;to nliquqt using Hamilton microliter syringes (accuracy
and reproducibility to + 1%). The test organisms were exposed to each

treatment in individual test chambers. Test solutions vere reneved

daily.



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

1. Temperature: 25 + 1°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 all

released within the same four
hour period

7. No. animals per
test vessel: 1

8. No. replicate test
vessels per

per concentration: _ 10
9. Total no. organisms

per concentration: 10 ’
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 oxygen, water temperature, pHE, and conductivity measurements
vere made daily in conjunction with the test. Temperature was

meintained at 25° 4+ 1°C in all test chambers during the test.

The test organisms were placed singly in the test vessels each
containing 15 ml of sclution. The organisms were between 19 and 23
hours old at the start of the test. Transfer of the nsonates vas
accomplished using an eye dropper where the organism was never removed
from solution. All Ceriodaphnia were fed the green alga Selenastrum
capricornutum at a rate of approximately 1,000,000 cells per ml. test
solution per day. Selenastrum cultures were obtained from Carolina
Biological Supply Company and cultured in natural spring water and '
Alga-Gro media in 1-liter 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.

III. RESULTS

A. Acute Qb;icity Biqassay

The results of the 48-hour acute toxicity biocassay are given in Table
3. All results are reported as test concentrations of total uranium
recovered from the analysed uranyl nitrate solutions. Mortality
occurred in the 0.051 mg/l (15% mortality), 0.088 mg/l (45% -

mortality), 0.160 mg/l (95% mortality), 0.270 mg/l (95% mortality),
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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 LCS50 (median lethal concentration) value with th; Probit
Method (EPA, 1985a). This calculation resulted in a 48-hour LCSO
value of 0.089 mg/l recovered uranium with 95% confidence limits of

0.072 and 0.107 mg/l (Ses Appendix A).

Water chemistry data taken in conjunction with the acute bioassay are
given in Table 4. All parameters monitored were within acceptable

1imits for bioassay purposes.

B. Chronic Toxicity Bioassay

The results of the 7-day chronic toxicity test are given in Table 5.
Mortality of the adult females occurred in the 0.00033 mg/1 (10%
mortality), 0.0025 mg/l1 (10% mortality), 0.0039 (10% mortality),
0.0081 mg/l (10% mortality), and 0.016 mg/1l (20% mortality) recovered
uranium concentations. No mortality occurred in the control or the
0.036 mg/l actual uranium concentration. Reproductionm in the control
averaged 20 offspring per female. One male was observed in the 0.0025
mg/l uranium concentration. Males were not included in calculating
the :oproduééion data as specified by Mr. Dave Graves (BCDHEC,

Biological Services Division, personal communication).
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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
D=Dead

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

1l 0 o 0 v} 0 ] o 0 o --;-

2 || 0] o] o| o of of of of of o

3 || o] 0| o] o of 0| o of o o

Control et REST ARSI B Sl Bttt Bttt tdetd Ettaded Etedtd Bttt Bttt
4 11 0 3 2 2 7 0 4 2 4

s | e o 6| 9| 8| s| 2| 6| ¢] 2

(] 6 3 10 --;- —I;- --;- ) 4 7 10 6-

T 4| 31| sj1| a] of of 5] 9

ToTAL|| 27 | 6 | 30 | 15 | 32 | 16 | 6 | 17 | 21 | 21

avrt|| L |L |L |L |L |L |L [T |L |L ||

]
-
']
n
in
o

i
(-]
[+
0

Dilution - - - - | ————

(0.0032) |====- B e B P B Dl Dl Rl Dl et

mg/1 3 0 0 0 0] 0] 0 0 0 0 0
uranyl - G [

nitrate 4 . 4 2 3 5 3 2 3 0 2 9

Uranium 6 10 10 9 7 3 10 4 9 2 6

0.00033 |=ewen||ocmm|meee|mmmc|cmme [ e [ mmm e [ mmme [ e [ e =
mg/1 7 0 0 5 | 10 5 5 8 |D/o 5 9
TOTAL|| 20 | 15 | 21 | 26 | 21 | 22 | 19 | 15 | 14 | 26

ADULT|| L L L L L L L D L L

X= 19.9 S.D. = 4.28
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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 (Continued) ‘

D=Dead

conc. Day A B C D E F G H I J
1 0 0 0 0 0 0 0 0 f 0
Dilution |=====||-===|--cc|ceec|cmnc|cmen|mman | s | mmmm [ e [ =
2 0 0 0 (o] 0 0 o 0 0 0
(0.0056) - e e B e ettt Rt et Betatuted Rttt LT
ng/l 3 0 0 0 0 0 0 0 0 0 0
uranyl e It e e e T e I R Bl B L B
nitrate 4 4 4 4 4 2 4 2 2 4] 4
_ 5 0 4 3 6 11 3 3 3 o 8
Recovered|=====| | === | =ow—=| ceen | eeea] cam- - -| ==
Uranium 6 12 5 10 |D/9 o 4 10 9 0 0 |
0.0025 e I ] e ey P T |- ————] ———
mg/1 7 3 10 o| - 4 0 1 1 0 10
TOTAL|| 19 23 17 19 17 11 16 15 0 22
ADULT|| L L L D L L L L L* L

Conc. Day A B c D E F G H I J
1l 0 0 0] 0 0 0 0 0 0 0
Dilution - e || cvne | cems | cece | cecn | e | e
2 0] 0 o 0 0 0 0 0 0 o
( 0.010 ) |=w=e=||~oee | mee=| = || e | e | e | e
mg/1 3 0 0 0 0 0 0 0 0 0 0
uranyl raeed BET TR T B e Rl Ll D e Rl Rl e
nitrate 4 . 0 3 3 0 |D/O 0 0 2 3 4
5 0 0 3 2 - 5 6 2 3 0
Recovered|=====| | ====|cecm|crme | cncc | cecc | ccwc |l wmece | cmen | cone | coe-
Uranium 6 0 7 4 10 - 5 4 3 3 5
0.0039 |====- e BT B B L B L D B Rl Ll Ll Bt el
mg/1 7 0 0] 0 1 - 0 0 8 0 4
TOTAL 0 10 10 13 o 10 10 15 9 13
ADULT L L L L D L L L L L

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 (Continued)
D=Dead

Conc. Day A B C D E F G H I J
1l 0 0 0 0 0 0o 0 0 (0} ]
Dilution - R e Bttt Rt Rttt Radahated
2 0 o 0 0 0 0 0 0 0 (o]
( 0.018 ) |===-- I P B B Bl R Bt il Rl Bttt
mg/1 3 0 0 0 0 0 0 0 0 0 0
uranyl |e===-- iy P Bt R e L Rt D Bt Redatddl Kt Kbt
nitrate 4 5 0 3 2 2 3 2 0 2 2
5 3 0 8 0 4 3 4 6 4 5
Recovered|—====||====|===e| come| mmee | s | mmmn | mmmn | momm | mmmm | ==
Uranium 6 3 0 0 |D/O 6 8 6 6 10 5
0.0081 |====- B ] B et ——] ———| m—— ———
mg/1 7 0 0 o | - 0 0 1 4 0 0
TCTAL 11 0 11 2 12 14 13 16 16 12
ADULT L L L D L L L L L L

I=Live
D=Dead
conc. Day A B o] D E F G H I J

1 0 0 0 0 0 0 0 0 0 0
Dilution |-==-- SV DUV USRI PPN IR puesnin RS PR PR
2 0 0 0 0 0 0 0 0 0 0
( 0.032 )|==m=c||===m|=mmm|=mmm | === | === | === | == | = | = |
mg/1 3 0 0 0 0 0 0 0 0 0 0
uranyl |----- ——— e Bt Rt S EL D Bttt Rt
nitrate| 4 _ 3 3 2 |p/o 4 2 1 1 4 3

Uranium 6 3 5 7 - |D/O 3 4 0 3 5

0.016 |-===- B B e Dl et ettt -
mg/1 7 0 2 o| - - 2 0 0 0 0
ToTAL|| 6 | 15 | 15 0 4 9 7 5 | 10 | 12
ADULT|| L L |L |D D L |L | L |L L
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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 (Cantinued) .
D=Dead ‘I’
conc. Day A B (o D E F G H 1 J
1l (v} 0] 0 0 0 0 0 0 0 o
Dilution |=====||==== -|- e R R e e
2 (] 0 0 o 0 0 0 4] (o) 0o
( 0,056 ) |=====||===c|wmen|mcen|omen|ccme | mmme | mmmm | cmoe | mmee [ e
mg/l 3 0 0 0 o 0o ] 0 (] o 0
uranyl ———— - -
nitrate 4 2 (0] 3 0 0 7 2 0 0 3
5 o) 4] 4 0o 0 0 0 3 4 0
Recovered| ====«| | =cec e | ceac | cau= - ———
Uranium 6 2 6 7 o 4 3 2 5 5 0
0.0036 |===-- e D B D Dl el s
mg/1 7 1 z () 0 2 () 0 0 2 o
TOTAL 5 8 14 0 6 10 4 8 11 3
ADULT - L L L L L L L L L
X= 6.9 S.D. = 4.15
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Average reproduction and mortality of the adult females in the uranyl

nitrate sclutions was as follows: R

Ooffspring
per %
Female Mortality
control = 19.5 0%
UOp (NO3)2.6H20 Theoretical U Recovered U

0.0032 0.0015 mg/1 0.00033 mg/1 = 19.9 10%
0.0056 0.0027 mg/1 0.0025 mg/1 = 17.7 10%
0.010 0.0047 mg/1 0.0039 mg/1 = 9.0 10%
0.018 0.0085 mg/1 0.0081 mg/l = 10.7 10%
0.032 0.015 mg/1 0.016 mg/l = 8.3 20%
0.056 0.027 mg/l 0.036 mg/l = 6.9 0%

‘ The reproduction data were tested for normality using the Chi-~-S8quare
Goodness of Fit Test. Log transformed data were found to be not
normally distributed (Chi-S8quare = 20.91, critical value = 12.59).
gstatistical analyses of the results using the Wilcoxon Rank Sum Test
indicated chronic toxicity at the 0.0039 mg/l1l, 0.0081 mg/l, 0.016
mg/l, and 0.036 mg/l recovered uranium concentrations. The no
observed effect concentration (NOEC) was 0.0025 mg/l actual recovered
uranium (o.bbss mg/1l uranyl nitrate) while the lowest observed effect
concentration (LOEC) v.na 0.0039 actual recovered uranium (0.010 mg/l
uranyl nitrate). The chronic value (ChV), taken as the geometric mean

of the NOEC and LOEC, was 0.0031 mg/l recovered uranium (0.0075 mg/l

uranyl nitrate). - D o0 36 Tlnf" ' f’f/(, Ulan , Ll

®

. If\ \W o L?j'm i
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Water chemistry data taken in conjunction with the chromnic toxicity .
test are given in Table 6. All parameters monitored were within
acceptable limits for biocassay purposes except for the pH readings on
February i4 and 15. For these days pH’s of less than 6 standards

units were recorded for all concentraticns and the control.
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Table 6. WATER CHEMISTRY DATA for the Ceriodsphnis Chronic Toxicity Test conducted uith
ursnyl nitrate for the Savannsh River Site.
| DAY 1 | DAY 2 | DAY 3 | DAY & | DAY 5 | DAY 6 | DAY 7 ||
Concentration| Parsmeter [1init.| old |renew| old |renew| old |renew| old |renew| old |renew| old |renew| old [renew||
l 1 | | I | I | I | i | | | | | H
[Tomp. (deg.X) [[25.5 | 125.0 | |25.0 | |24.5 | |25.0 | |26.8 | [26.5 }25.0 | I

|0.0. (ppm) |19.00 |8.30 |8.50 |8.20 |8.70 |8.00 |8.30 |7.90 |8.20 |7.30 |9.00 |7.00 |8.90 |7.30 | ||
I R B e e B e B e ] L e et R R |
¢ 0X ) IpH (SW) (1635 ] |6.26 | [6.47] (620 65|  |s.86 | [s.89f | |l
Rt il ) REAd f==s-- feuen- fre--- | R f===-- [==--- f===-- f===-- fun-- {===-- [===-- | R f==--- Rt H
[Alk.CpomcacO3) (| 3.0 [3.0] (3.0 [30] |30] 30| 30} | |
fommencnsennees R B ] e B B e e By B e e ety (U AR
|Ward.Cppm Caco3)]| 3.8 | | 3.8] |3.8] |38] |38| |38 38| | ||
R Lt E e P B B B B B B ] ] ] B L R
|Cond.Cumhos/em) || 20 | 20 | J2 | |2 | 19| [w | 1w ]| | |
|nsenennenneenes e B B B e ] S e e e e ) Bt R RERRR

---------------------------------------------------------------------------------------------------------------------------

| DAY 1t | DAY 2 | DAY 3 | DAY 4 | DAY 5 | DAY 6 | DAY 7 ||
Concentration| Parameter {{init.] old |renew] old |renew| old |renew| old |renew] old |renew| old |renew| old |renew||

! H | | | | | | | | | i | | | | 1

[Temp. (deg.%C) [[25.5 ]  25.0 |  |26.5|  |2.5|  |2.0 ]  |25.5| [26.5[25.0 | ||

0.00033  f-sorssnenneanees R L B L B B B ] B ] B ] L I R |
mg/\ [0.0. (ppm) |19.00 |8.30 |8.50 |8.20 |8.70 |8.10 |8.30 [7.90 |8.20 |7.50 {9.20 |7.60 [9.10 |7.70 | Ti
Recovered |----=s-sssses B B ] B ] e B et e ] B L) R RRR |
Uraniun  [pH (SU) 116351 16.25] |6.15] |619) |65 |s.88] 5.0 ] | ||
|-oenemoemnneeens e e B B e ] e B e e ] B R B R 1

|Cond. (umhos/cm) || 19 | |19 | 119 | |19 | 119 | 119 | 119 | | i
|-remrenennsnens R B B e e B S e e e ] B B B R

| DAY 1 | DAY 2 | DAY 3 | DAY & | DAY § | DAY 6 | DAY 7 ||
Concentration| Parsmeter [linit.| otd |renew| old |renew| old |renew| old |renew| old |renew| old |renew| old [renew||

| " | | | | | | | | | | | I | ! i
[Temp. (deg.%c) |[[25.5| (5.0 |  [26.0| J24.5| |%.5] [25.0] |24.0 |25.0 | ||

0.0025  |-ssnesmsenseanes e L e B L L e e Pt L L et Bl B |
m/t  |D.0. (pp® |18.95 |8.30 |8.50 }8.20 |8.75 |8.00 |8.30 47.90 [8.35 |7.45 [9.00 |7.50 {9.00 |7.90 | |}
Recovered |----s-s=-sseeee- B B B B B B B e e B e ] Ll R S |
Uranium  |pH (SU) 16321 1630 | {6 | (65| j6.10]  |s.88| |s.88| | |
— T L B Bl Bt B B ] e e e B L Rl |

_ {Cond.Cmhos/emy |1 19 | |19 |  j2 | j2 § tw | jw it e ||
frmsennenseeneens e e ] e e e ] B B B B B e T
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Teble 6. WATER CHEMISTRY DATA for the Ceriodaphnia Chronic Toxicity Test condiucted with
uranyl nitrate for the Sevannsh River Site. (Continued)
| DAY 1} DAY 2 | DAY 3 | DAY & | DAY 5 | DAY 6 | DAY 7 |!
Concentrstion| Parameter jiinit.| old |renew| old {renew| old |renew| old |renew| old |renew| old |renew| old |renew]|
| | [ | | | i ] | | | | | |senax) | ]
{Temp. (deg.°C) |}|25.5 | {25.0 | 124.0 | |25.0 | j24.0 | 125.0 | |26.5 |25.0 | H

L I e e Nt Nt Al N Mt ot ot Rt st ket e a1
mg/l  |0.0. (ppm) |19.00 |8.40 |8.50 |8.25 |8.70 |8.00 |8.30 |7.90 |8.40 |7.60 |8.95 |7.70 [9.35 |7.90 | ||
Recovered |-e-sresceseees e i e e e B B B B B B B EEt (S I B 1
Uranium  [pH (SU) [16.28 | (618  j6.10|  |6.% |  [6.06 | |5.86| 5.8 | |l
R ] R R R R R R R R R Rtd REC it EELLE ROt RS EESES |
[Cond.Cumhos/cm |} 19 | |19 | 20 | |2 | |9 | |19 | R ]
|-esnesesnnanense e e B B R B B B e e S R B S B

| DAY 1 | DAY 2 | DAY 3 | DAY & | DAY 5 | DAY 6 | DAY 7 ||
Concentration| Parameter jlInit.| old |renew| old |reneu| old |renew| old |renew| old |renew| old {renew| old |renew||

I ||s=asx|sxnan|sxuns|szans |sesnx|nsuzz|saazu|snxes|snsnz |asuns | sunux|ssans |sunan|nnnss |nnnun] |
[Temp. (deg.oC) ||25.5 | |24.0 | j24.0 | |25.0 | 125.0 | |25.0 | j26.5 |25.0 | "

L R R R N N Rt Rt Nt Nt Mt Rl Rttt St et Haal |
m/L  [D.O0. (ppm) 119.00 |8.40 8.50 |8.20 |8.80 |8.00 |8.30 |7.60 |8.20 |7.40 |8.95 |7.90 |9.20 |7.70 | ||
Recovered |----ss-sseeoss L e e e B e B B ] B e I LR IR B |
Ursnium  [pH (SU) 116.25]  6.15]  |6.10 ]  |6.10|  |6.05]) 5.8 | [5.8 ] | |
|-mreameennnenes R et s B B R R B B B B L ER B B |
|Cond.Cumhos/em) |19 | |19 |  J20 | |2 | (19| (9] (91 | W
Jreenmnrneaes e ] e ) e ] B e e e B e E R S Bl |

- | DAY 1 | DAY 2 | DAY 3 | DAY & | DAY 5 | DAY 6 | DAY 7 ||
Concentration| Parameter I11nit.| old |renew| old |renew| old |renew| old |renew| old |renew| old |renew| old |renew]|

| 1 I | | | | | | I | | | | I | I
|Towp. (deg.2C) ||25.5| |2%.0| (5.0  |26.5| [26.0 | |2%.0 |  |%.0 |5.0 | ||

0.016  [--roreereneneens ] R Rt e R R R R R il Ritttd ELRRd Rt ELEttd L EEELE I
w/L  |D.0. (ppm) [18.90 |8.30 |8.50 |8.20 |8.70 |7.90 |8.20 |7.70 |8.15 |7.00 |9.20 |8.00 |9.25 |7.80 I
Recovered |--s-sc-snseee: e e e R S B B e B B B B L I R I

I ................ “ .......... l .......... I ..... l ..... ' .......... ' ..... ' ..... I ..... | ..... ' ............... “

|

l

I
Urenium  |pH (SU) [16.24 |  j6.10| |6.06| [s.05] |60v | |5.87) 5.9 | | |

l

i

I




Table 6. WATER CNEMISTRY DATA for the Ceriodephnia Chronic Toxfcity Test conducted with
uranyl nitrate for the Savannsh River Site. (Continued)
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| DAY 1 | DAY 2 | DAY 3 | DAY & | DAY 5 | DAY 6 | DAY 7 ||
Concentration| Paramater J|init.| old jrenew| old |renew| oid |renew| old |renes| old |renew| old |renew| old |renew||
| 1 | I I | | | | | | I | ] | | I
|Tomp. (deg.’C) |[25.5 | [24.0 | {25.0 | [26.0 | {26.0 | {25.0 | [24.5 |25.0 | ]
L L e S Rt A At Rl At Atat et et WSl LSl LS BT
g/l |0.0. (ppm) |18.95 |8.20 |8.50 }8.20 |8.70 |8.00 |8.10 |7.60 |8.20 |7.30 }8.95 |7.5C |9.20 }7.80 | ]
Recovered |---scsnssneens e B B ] B B e L B ] e EEt] (LR R (RO |
Uranium  |pH (SU) 116.26 | 16.10 | 16.05 | 16.04 | j6.01 | 15.85 | |5.86 | | T
(esemrensanens L e e Bt ] B B B B e e IR RS RS B |
ICond. (umhos/cm) || 20 | |2 | les | 135 | (3 | 2 | a3 | | I
R R B B B B B B e B B ey Il L ROt e O 1
|Alk.(ppm CaCO3) || 3.0 | | 3.0 | | 3.0 | | 3.0 | | 3.0 | | 3.0 | | 3.0 | ] 1
freeeeseennenees e ] B ] B B B e B e B B e B B |
|Hard.(ppm CaCO3)}| 3.8 | ] 3.8 | | 3.8} | 3.8 | | 3.8 | | 3.8 | | 3.8 | | 1

| I | I | I | | I | I | | |




APPENDIX A
Probit Analyses of Acute Data

(Concentration in Actual Recovered Uranium)



[T

EPA PROBIT ANALYSIS PROGRAM
USED FOR CALCULATING EC VALUES

‘ Version 1.4

Probit Analysis of Uranyl Nitrate Acute Toxicity Test

Observed Adjusted
Number Number Proportion Proportion
conc. Exposed Resp. Responding Responding
0.0510 20 3 0.1500 0.1500
6.0880 20 9 0.4500 0.4500
0.1600 20 19 0.9500 0.9500
0.2700 20 19 0.9500 0.9500
0.5000 20 20 1.0000 1.0000
chi - Square Heterogeneity = 2.587
Mu = =1.053247
Sigma = 0.229407
Parameter Estimate std. Err. 95% Confiden
Intercept 9.591172 0.836020 ( 7.952574,
Slope 4.359067 0.802859 ( 2.785463,

‘oretical Spontaneous Response Rate = 0.0000

’

Predicted
Proportion
Responding

0.1486
0.4961
0.8690
0.9827
0.9995.

ce Limits

11.229771)
5.932670)



Probit Analysis of Uranyl Nitrate Acute Toxicity Test

Estimated EC Values and Confidence Limits

Point

EC 1.00
EC 5.00
EC10.00
EC15.00
EC50.00
EC85.00
EC90.00
EC95.00
EC99.00

Conc.

0.0259
0.0371
0.0450
0.0512
0.0885
0.1529
0.1741
0.2109
0.3023

Lower

0.0119
0.0207
0.0276
0.0335
0.0715
0.1244
0.1387

0.1620

0.2144

Upper
95% Confidence Limits

0.0380
0.0500
0.0582
0.0646
0.1068
0.2162
0.2611
0.3476
0.6009



Probit Analysis of Uranyl Nitrate Acute Toxicity Test
‘ PLOT OF ADJUSTED PROBITS AND PREDICTED REGRESSION LINE

Probit
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APPENDIX B .

Wilcoxon’s Rank Sunms



Wilcoxon’s Rank Suns

Uranyl Nitrate Recovered U Rank No. of Critical

Conc. (mg/l) Conc. (mg/l) Sum Replicates Rank Sum

o003z o0.00033  1o1.s 10 73
0.0056 0.0025 79.5 9 60
0.010 0.0039 71 10 73
0.018 0.0081 72 10 73
0.032 0.016 66 10 73
0.056 0.036 66 10 | 73
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IV. METHODOLOGY

Metals

Agueous

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.

o Method 200.7: 1Inductively Coupled Plasma-Atomic Emission Spectrometric
Method for Trace Element Analysis of Water and Wastes.
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V. Analysis of Test Solutions

Results of analysis of test solutions of uranyl nitrate hexahydrate
UOZ(N03)2'6H20 concentration (MW = 502,13)

Theoretical

Concentration Observed Concentration Percent

Total Uranjum, mg/L Total Uranium, mg/L Recovery
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



It |

Test Report No. Al7852
Page 29

VI. QUALITY CONTROL DATA

Matrix Spike/Matrix Spike Duplicate Recovery Data

Sample
- Constituent Sgiked
- Uranium DI Water
= Uranium DI Water
= Urenium DI Water

Units

Amount
of Sgike

10
10
100

(ug)

AnalytiKEM

Recoverx
Matrix Sgike,

102
105
93

(%)

e
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EXECUTIVE SUMMARY .

v

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.

Cc. dubia static renewal toxicity tests were conducted, to
assess the acute toxicity of Uoz(N03)2 6H20, I-!UOZPO4 4H20, and
uo, . Test results indicated that based on nominal concentrations

of total U, UQ, was the most acutely toxic of the three compounds

2
(48 h LC50 = 0.05 mg/L total U; 95% confidence limits = 0.04 -
0.06 mg/L total U). The C. dubia 48 h LC50 for U02(N03)2'6H20 was
0.07 mg/L total U (95% confidence limits = 0.05 - 0.13 mg/L total
U:; nominal concentrations) while the LC50 for HU02P04'4H20 equaled
0.11 mg/L total U (95% confidence limits = 0.10 - 0.12 mg/L total

U; nomihal concentrations).

c. dubia seven-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 tha. the NOEC for uranyl nitrate

in Upper Three Runs Creek water was <0.008 mg/L total U whiie the‘

IV



LOEC equaled 0.008 mg/L total U (nominal concentrations). The

NOEC and LOEC for HU02P04

U, respectively (nominal concentrations). The results of the C.

'4H20 equaled <0.006 and 0.0Q6 mg/L total

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).



1.0 INTRODUCTION

Low concentrations of three different uranium compounds

[UOZ(NO "6H,0, HUO PO4’4H20, and U02] are currently being

3)2 2 2

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
wins 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 1little or no
buffering capaéity (see Table 1-1). E. I. du Pont de Nemours & ‘
Co. requested that Normandeau Southeast (NAI-SE, SscC DHEC
Laboratory Identification Number 02101) determine the toxicity of
each of the three uranium compounds to the waterflea, leriodaphnia
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 compdﬁnds.
The toxicity tests were conducted in three stages. The first stage
consisted of a series of range-finding tests in wh;ch C. dubia

were exposed to a wide range of concentrations of each of

the three uranium compounds. This phase was exploratory and its.



Table 1-1.

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 Toga} a o
Hardness Alkalinity Conductivity

pH (Caco3mg/L) (CaCo3mgjL) (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 0.016
Aug. 13 5.53 3.5 2.0 0.015
Ooct. 27 6.95 3.0 < DL 0.010
Dec. 9 5.30 5.0 < DL 0.012
1987
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. 11 5.50 6.0 1.5 0.022

qpetection Limit = 0.1 mg/ L.

,//



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’:a 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
LC50) within 48 h. The 95% confidence limits for each LC50 were
also calculated. The 95% confidence limits of an LCS0
provide some indication of the range of concentrations over

0

which a similar acute response might be observed.

When the acute toxicities of Uoz(N03)2‘6H20, UO2 and'

HU02P04‘4H20 to C. dubia had been determined, the third stage of

testing was initiated. Seven-day C. dubjia 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 2 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, C. 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. ‘

i , .
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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.gq.,
U02(N03)2 GHZO, UOZ' or HU02P04 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 (Horning and Weber 1985).

The results of the acute and seven-day chronic toxicity tests
will be usé& to help determine a threshold or safe discharge
concentration for each uranium compound so that these compounds
can be released from M-Area outfalls wiﬁhout 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 HUO PO4'4H20, these »Jslutions were

2
prepared in sufficic:t quantities so that tne 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 Uranvl Nitrate

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 Uoz(No '6H20 to Upper

3)2
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

o
|
[



uranium in this stock soclution equaled 43.2 mg/L. This stock
solution was used to prepare all UOZ(N03)2'6H70 solutions used

v

in the range-finding, acute, and chronic tests.

2.1.2 Hydrogen 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
(1:1; moles uranium to moles phosphate). This mnmixture was
neutralized to pH 6-7 with 1.0 N NaOH and stirred for 15 min.
The resulting precipitate (HUOZP04‘4H20) was filtered through
Whatman #4 filter paper, washed three times with deionized

water, transferred to a watch glass and dried at 105° ¢ 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" stéck 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



in the range-finding and definitive acute toxicity tests. The ‘
second stock solution (3.8 mg/L total U) was used in the chronic

v

toxicity test.

2.1.3 Uranium Dioxide

Uranium dioxide (Uoz) 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
liquid portion was decanted and filtered through a glass fibér
filter | (Whatman GF/C). The fine pafticulates 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, 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.

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 a,

e
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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 Culture Methods

Ceriodaphnia 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 2-1 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 1-1.

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 cf dust and
other contaminants. Cultures are kept in an incubator (Lab-Line

Instruments, Inc., Melrose Park, IL), and temperatures are main-

tained at 25 % 29c. Water temperature is monitored continuously.

Wide-spectrum fluorescent bulbs (Color Rendering Index 2> 90) are

used to provide a 16L:8D photoperiod. Light intensity measured at
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the surface of the culture dishes does not exceed 800 lux. ‘

v

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 1) 1is used to maintain wuni-algal

cultures of S. capricornutum.

All culture dishes are examined at least three times per
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 oth’
information on the con_dition of the culture deemed pertinent by the |
observer. The animals in these dishes serve as the source of
neonate (< 24 h o0ld) 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 af,
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diluent for both the acute and chronic toxicity tests conducted on

Uoz(N03)2'6H o, HUOZPO ’4H20, and UO,. Water for all toxicity

2 4 2

tests was collected from the Road 2-1 bridge located ;n 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).

2.2.2.2 Cerjodaphnia dubja Acute Static Renewal Toxicity
Tests

Several range-finding tests were performed to determine the

concentrations of UOZ(NO3)2'6H 0, HUO,PO, 4H_.O, and UO, to be used

2 274 2 2
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 range-finding tests, definitive tests of 48 h duration

were initiated te establish the LC50 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 of the flasks were then,adjﬁsted to 500
nL 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 1lowest 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
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.

C. 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, 0.10,

0.12 mg/L total uranium (nominal values). ‘
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Uranium Dioxide: 0 (control), 0.01, 0.04, 0.07, 0.10, 0.13 mg/L

A4

total uranium (nominal values).

Test conditions are summarized in Table 2-1. 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
nL of test solution was slowly and gently poured into the_beaﬁer.
Following the addition of solution, the daphnids were obser&ed to

verify they had not been damaged during transfer.

The test temperature for the C. dubia acute static renewal

toxicity tests was 25 + 2%. The tests were conducted in a

temperature-controlled, Fisher model 307 incubator. Test
organisms were exposed to a 16L:8D photoperiod. Specific
conductggce, 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, PpH,
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 2-1.

SUMMARY OF TEST CONDITIONS: Ceriodaphnia dubia®

48 h static renewal acute toxicity test

10.

11.

12.

13.

14.

15.

Test Temperature

Light quality

Light intensity

Photoperiod

Test vessel
size/type

Number of organisms
per vessel

Number of replicates
Age of organisms

Total number of organisms
per concentration

Aeration

Diluent

Test Duration

Effect Measured

ChemiZal Parameters
Measured on diluent and

highest test concentration

Chemical Parameters
Measured on intermediate
test concentrations

25 + 2° ¢,

Ambient illumi-
nation

ambient
laboratory levels

16L:8D
250-mL borosilicate
glass beakers

10

2 per concentration

<24 h

20

None, unless DO
is < 40% satura-
tion

Upper Three Runs Creek
water

48 h

Mortality (LC50 + 95%
confidence limits)

o
Do, C, PH,

conductivity, hardness

alkalinity, (daily on
new and old solutions)

Do, oc, pH, conductivity

(daily on new and old
solutions)

aAdapted from Peltier a2nd Weber 1985.
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titrimetric method (APHA 1985) was used to measure CaCO., hardness.

3
Dissolved-oxygen concentrations were measured with a YSI Model 58
DO meter (Yellow Springs Instrument Co., Yellow Sprinés, OH) , and
a YSI Model 33 conductivity meter was used to measure the con-
ductivity of each test solution. The pH values were determined

with an Orion 399A pH meter.

Death or immobilization of the C. dubja 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).

Immobilization was defined as the inability of the animals to move

in the water column (ASTM 1984).
2.2.2.3 cCerjoda i ubja C i oxicit ests

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 sclution 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. Each’
flask was brought to volume with Upper Three Runs Creek water. A
separate volumetric flask was used to prepare test éolutions 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
maintained at 25 + 1°%. Temperature was monitored continuodﬁly.
Test organisms were exposed to a 16L:8D photoperiod. 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 ¢ :h of the three

uranium <ompounds:

Uranyl Nitrate: o0 (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.G15, 0.03, 0.05 mg/L

total uranium (nominal)



Table 2-2 SUMMARY OF TEST CONDITIONS: Ceriodaphnia dubia®
7 d chronic static renewal toxicity test
1. Test Temperature 25 + 1° (o]
2. Light quality Ambient illumi-
nation
3. Light intensity ambient
laboratory levels
4. Photoperiod 16L:8D
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
8. Age of organisms < 24 h '
9. Total number of organ- 20
isms per concentration
10. Aeration None, unless DO
is < 40% satura-
tion

11. Diluent Upper Three Runs Creek

water

12. Test Duration 7 4d

13. Effect Measured Mortality, reduced

young production
(NOEC and LOEC)

14. Chemical Parameters DO, °c, alkalinity,
Measured on diluent and hardness, pH, conduct-
highest test concentration ivity (daily on new

solutions)

15. Chemical Parameters Do, °c, pH, conductivity

Measured on intermediate
test concentrations

(daily on old and new
solutions)

aAdapted from Horning and Weber 1985.
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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 éuring a test
were preserved with Lugol's solution (APHA 1985) for later
enumeration. Following transfer, the oréanisms 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 concentrations of test
solutions were measured. The same methods used to monitof water

quality parameters during the acute static renewal toxicity test’
were also used during all ¢. dubja life cycle tests.

C. dubjia 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
nutritipgal requirements of these organisms (e.g., vitamins,
dietary 1lipids, 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, an& 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% (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 determined that significant differences

existed between the control and test organisms.

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%
HN03. Deionized water was used in the final rinses (5 times with
deionized water) of 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 wuse, these beakers were rinsed with dilution water.



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. 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).

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 standarcized
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



cultured by NAI-SE. Results of reference tests indicated
that the animals used in these tests responded in an
appropriate manner. .

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
choseri 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 (1000 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%.

.



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 diaxide.

Nominal Measured
(mgMn/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 86.7
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 ESULTS

3.1 URANIUM ANALYSES ,

3.1.1 Acute Toxicity Test Solutions

The ccncentration of total uranium concentrations in
each of the three stock solutions was measured before the
acute toxicity tests were initiated. Total wuranium
concentrations of the stock solutions were determined by
using inductively coupled plasma-atomic emnission

spectrophotometry (EPA 200.7, EPA 1983; detection limit = 0.1

mg/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 émployed 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 ur?nium 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 hydreogen 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 preparé 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).
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For purposes of clarity, all concentrations of uranium in
the text are expressed in terms of the nominal conceﬁirations
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 Uranvl Nitrate

A 48 h acute static toxicity test was conducted to
determine the LC50 of Uoz(N03)2 to €. dubja. 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 1lowest 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 Hydrogen Uranyl Phosphate

The acute toxicity of HUOZPO4‘4H20 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 «f the
test concentrations of hydrogen uranyl phosphate after 24 h
of exposure (Table 3-4). pPartial mortality was observed at
all test concentrations 48 h following test initiation and a
48 h LCS50 of 0.11 mg/L total uran.ium was calculated from
these data (95% confidence limits = 0.10 to 0.12 mg/L total

uranium; Table 3-4).

3.2.3 ranium Dioxide

The_toxicity of UO2 to C. dubia was determined in a 48 h
acute static toxicity test. The results of initial and final
pasic water chemistry analyses performed on all solutions

used in this acute test are listed in Table 3 in Appendix 2.

Exposure to test concentrations > 0.10 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

v

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 UOZ(NOB)Z‘GHZO, HU02P04’4H 0, and

2
Uo, that would adversely affect the test organisms,
either by reducing adult ¢. dubia survival or by

reducing their reproductive capacity.

3.3.1 Uranyl Njtrate

The results of initial and final basic water chemistry

3)2 6H20 used in

this chronic test are listed in Appendix 3 (Tables 1 and 2).

analyses performed on all solutions of Uoz(No

The concentration of total uranium in the highest test
solution of uranyl nitrate used i~ the seven-day chronic was

measured daily. These values 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 wuranium, it is believed that this respon'se 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 ¢C. dubja reproduction.

The adult survival data were analyzed using Fisher's
Exact test (Sokal and Rohlf 1§81) 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
ccntrol and any test group, then such groups represented two
different populations and could not be compared in further
statistical analyses. The results of this test (Table 3-7)
indicated that the percent survival among C. dubjia 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 ILOEC = 0.002 mg/L.
However, as discussed above, these results are believed to be

anomalous and unrelated to the effects of exposure to the

3-12



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
the same as that of C. dubia exposed to each of five concen-
trations of uranyl nitrate.

H_.: The proportion of C. 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 Significantly
Comparison value value Different 2
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




test solution. Based on this observation, the results of
exposure to 0.002 mg/L were not considered in further

v

‘analyses of these test results.

Additional statistical analyses were conducted to

determine if exposure to concentrations > 0.008 mg/L total

uranium had a s‘-nificant effect on C. dubja offspring
production. Test: sre conducted to determine if the number
of young producec ;7 C. dubia exposed to the control and to
the test concent:rations of > 0.008 mg/L total uranium were
normally distributed and if the variances for this data
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 C. dubja exposed to the control and the test
concentrations > 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 data are normally distributed.
Bartlett's test:

calculated B = 2.36

X2 critical value 0.05 [4,19] = 9.49

The variances are homogeneous.




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: Ml = u2 = w3 = ud

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. Cunnett's multiple comparison test
Ho: gc = ua

Ha: puc # pa

N s - Y ‘ [} ]
Comparison (Xc - Xa) SE la'l p g¢q 0.05(1),119, p
control vs. 0.008 3.85 1.68 2.29 2 1.66"
control vs. 0.023 2.70 1.68 l1.61 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 é. 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 ILOEC = 0.008 mg/L (Table 3-
9 B). If 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 1s 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 the. mean number of young éroduced
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 Uranyl Phosphate

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 A all HU02P0 “4H.0

4 2
solutions are listed in Ap: adix 3 (Table. and 4).

Some mortality was observed among C. dubia exposed to all
test concentrations of HU02P04'4H20 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 wuranium in the form of

HU02P04'4H20 adversely affected C. dubia.



Table 3-9. Analysis of Variance and Dunnett's Multiple
Comparison Test - Uranyl Nitrate (continued)

v

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) indic;ted no
significant difference existed in the percent survival among
C. dubia exposed to any of the solutions used in this chronic
test. Offspring production by individuals exposed to all test

concentrations of HUOZPO4'4H O was included in all other

2
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
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 C. dubia to
all test concentrations > to 0.006 mg/L total wuranium
resulted in a significant reduction in production of young
when compareri to the control. This seven-day life cycle test

determined that the NOEC for HUOZPO4'4H O expressed as

2
total uranium equals some value < 0.006 mg/L and the LOEC
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Table 3-11. "Fisher's Exact" Test Procedure

Rate for Hydrogen Uranyl Nitra

for Adult Survival
te

Results of Fisher's Exact test conducted on the percent
survival of Ceriodaphnia dubia exposed to
concentrations of hydrogen uranyl phosphate
Three Runs Creek served as the control
concentrations are expressed as nominal concentrations of total
uranium. 13 to 20 December, 1988.

The proportion of C. dubia survival in
the same as that of C. dubia exposed to
trations of hydrogen uranyl phosphate.

The proportion of C. dubia survival in
not equal to that of C. dubia exposed to
trations of hydrogen uranyl phosphate.

a control and five
. Water from Upper
and diluent. All

the control group is

each of five concen-

the control group is
each of five concen-

Critical b
Comparison value value
Control vs. 0.006 12 16
Control vs. 0.02 12 14
Control vs. 0.06 12 16
Control vs. 0.12 12 17

Control vs. 0.2 12 17

Significantly

Difie_nem:__?_.

N




il

Table 3-12. Chi-Square Goodness of Fit and Bartlett's Test -
Hydrogmsn 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
Water from Upper

dubia exposed to hydrogen uranyl phosphate.
the control and diluent. all

Three Runs Creek served as
concentrations are expressed as nominal concentrations of total

uranium. 13 to 20 December, 1988.

Chi-Square Goodness of Fit test:
X2 = 0.20

= 13.277

calculated

x2 critical value (0.01,4)

The data are normally distributed.
Bartlett's test:

calculated B = 4.53

2 critical value 0.05 [5,19] = 11.07

The variances are homogeneous.




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: w1l = w2 = w3 = wu4 = usS
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 a.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: pc = pa

Ha: uc # pa

: Yo - Yal ' '

Comparison (Xc - Xa) SE lq*| P 4'%.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

LCOEC = 0.006 mg/L



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 <

11.01) could be detected (Table 3-13C).

3.3.3. Uranium Dioxide

The results of all initial and final basic water chen-
istry analyses performed on all. solutions of vo,, used in this
chroni: 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, (> 85%; Table 3-14). The mean

2
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 production by the control and
organisms exposed to the other test concentration (Table 3-
14). These data indicate that exposure. to increasing

as

concentrations .of uranium UO, reduced C. dubia reproduc-

2

tive success.



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 = 11.01
For this data set, a 28.5% (4.39 young) reduction in C. dubia produc-
tion of young could be detected. That is, mean offspring g~ uction

< 11.01 would be significantly different from offspring produ:zticn 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 C. dubia exposed to any of the concenﬁrations
used in this <chronic test. Ooffspring production by
individuals exposed to all concentrations of UO were

2
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

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. dubja 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 Ceriodaphnia 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.

H,: The proportion of C. dubia survival in the control group is
the same as that of C. dubia exposed to each of five concen-
trations of uranium dioxide.

H_ : The proportion of C. dubia survival ir -he control group is
not equal to that of C. dubia exposed tc -ach of five concen-
trations of uranium dioxide.

Critical b significantiy
Comparison value value Different ?
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.



Table 3-16. Chi-Square Goodness of Fit and Bartlett'’s 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
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:

2 - 2.24

calculated X
x2 critical value (0.01,4) = 13.277
The data are normally distributed.

Bartlett's test:

calculated B = 3.16

X2 critical value 0.05 [5,19] = 11.07

The variances are homogeneous.




Table 3~17. Analysis of Variance and Dunnett's Comparison Test -
Uranium Dioxide

Results of a cue-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 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: Ul = u2 = ul3 = u4 = ud

Ha: The mean numbers of young produced by C. dubia exposed
to both the control and five concentrations of uranium

dioxide.
Source d.f. S.S. MS F Critical F
concentration S 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: uc = pua

Ha: uc # uda

3 Yo = X ' '

Comparison . (Xc - Xa) SE lq'] p 9'0.05(1)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 1.20 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 C. 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 AND SUMMARY

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 wcterflea,

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.

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-;nd 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; and the next to
highest solution concentration of HUO,PO4 used in the chronic
toxicity tests. The concentrations of uranium in the highest

solution used each day of the chronic toxicity test conducted

on UO3(NO3)5°6H;0 was measured daily as were uranium

4-1



concentrations of all test solutions used on 10 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 concentrations of uranium in the
various uranyl nitrate test solutions. The concentrations of
total uranium in all test solutions used the first day of the
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).

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

4-2
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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; 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 wuranyl nitrate and hydrogen uranyl
phosphate were less toxic (LC50s = 0.070 and 0.110 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'o.éz 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.

Stati; 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
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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, 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).

C. dubia exposed to all test solutions of hydrogen uranyl
phosphate exhibited essentially identical responsés; 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 [UO3(HPO4)2=], whereas the
chemical form in a uranyl nitrate solution is the cation
Uo,**t (Langmuir 1978). These differently charged complexes
may act very diffefently in solution (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 phenomenaon 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



to remove all food particles. Uranium analyses performed on
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 solutionz of hydrogen uranyl phosphate. Such a
phenomenon could account for the "flat" response observed
among organisms exposed to solutions of HUO3PO4-4H,0 during

the chronic toxicity test.

A test was conducted to determine if filtration through a
0.45 um filter reduced the concentration of total uranium in
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 pum 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 1low concentrations of these compounds

advers~ly affect the organism C. dubia.



Table 4-4. Concentrations of total uranium measured in filtered
(0.45 pum 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%*
0.100 0.040 0.0029*
0.200 0.129 0.026

*samples were concentrated prior to analyses.

4-10



5.0 LITERATURE CITED

APHA. 1985. Standard Methods for the Examination of Water
and Wastewater. 16th ed. Am. Pub. Health Assoc.
Washington, DC.

ASTM. 1984. Standard practice for conducting static
acute toxicity tests on wastewaters with Daphnia. D-

4229, Am. Soc. Testing Materials. Philadelphia, PA.

EPA. 1983. Water qulaity criteria for the protection of
aquatic life and its uses: Ammonia. Final Draft.
Office of Research and Development, Environmental
Research Laboratory. Duluth, MN.

Hamilton, M.A., R.C. Russo, and R.V. Thruston. 1977.
Trimmed Sperman~Karber method of estimating median
lethal concentrations in toxicity bioassays. Envin.

Sci. Tech. 11: 714-719.

Hamilton, M.A., R.C. Russo, and R.V. Thruston. 1978.
Correction. Environ. Sci. Tech. 12: 417.

Horning, W.B., and C.I. Weber. 1985. Short-term methods
for estimating - the chronic toxicity of effluents and
receiving waters to freshwater organisms. Us
EPA/600/4-85/014. Cincinnati, OH.

Langmuir, D. 1978. Uranium solution-mineral equilibria at
low temperatures with applications to sedimentary ore
deposits. Geochim. Cosmochim. Acta 15:131-149.

Peltier, W.H., and C.I. Weber (eds.). 1985. Methods
of measuring the acute toxicity of effluents to
freshwater and marine organisms. 3rd ed. US EPA 600/4-
85/013. Cincinnati, OH.

Poston, T.M., R.W. Hanf, Jr., and M.A. Simmons. 1984.

Toxicity of uranium to Daphnia magna. Water, Air, and
SoiI'Poll. 22:289-298.

SCDHEC. 1988. South Carolina Procedures for Pass/fail Modifi-

cation of the Ceriodaphnia Survival and Reproduction
Test. Columbia, SC.

Sokal, R.R., and F.J. Rohlf. 1981. Biometry: The Princi-
ples and Practice of Statistics in Biology Research.
2nd ed. W.H. Freeman and Co. San Francisco, CA.

Stephan, C.E., X.A. Bush, R. Smith, J. Burke, and R.W.

Andrews. 1978. A computer program for calculating an
LC50. US EPA. Duluth, MN.

5-1



1t

Trapp, K. E.
(Daphnia pulex) and bluegill (Lepomis

Zar,

1986. Acute toxicity of uranium to waterfleas

SR-30. Prepared by Environmental &

macrochirus). ECS-
chemical Sciences,

Inc. for E. I. Du Pont de Nemours, Inc. Aiken, SC.

J.H. 1984. Biostatistical Analysis. Prentice-Hall.

Englewood Cl iffs, NJ.

A4



APPENDIX

Composition of Bold's Modified Media



Appendix 1.

Composition of Modified Bold's Media®

’

Major Components

Na
K

Ca
Mg
NO
PO
Cl

SO4

3
4

Minor components
H_BO

EBTA>

Fe (II)
Zn (II)
Mn (II)
Cu (II)
Mo (VI)
Co (II)

Vi S

Thiamine Hydrochloride
D-Pantothenic Acid, Calcium
Biotin
Cyanocobalamin (Blz)

@arthur L. Buikema, Jr., pers. comm.

-



APPENDIX 2

Water Chemistry Data for 48 h
Acute Toxicity Tests
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Water Chemistry Data for Chronic
Toxicity Tests
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szs.)spha:e to Ceriodaphnia dubia. AnalytiKEM Inc., Cherry Hill, NJ 08003 (July,
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SHEALY ENVIRONMENTAL SERVICES, INC.
BIOLOGISTS, TOXICOLOGISTS & CHEMISTS

ﬁ—=‘_______h )
aogtﬁ;mom AVENUE A July 13 , 1989 (803) 254-9915

Mr. Joseph P. McLaughlin, Manager
ANALYTIKEM, INC.

454 Anderson Road, BTC 532

Rock Hill, sSC 29730

Dear Mr. McLaughlin:

Enclosed please find the revised reports on the ceriodaphnia chronic
toxicity tests forciiarogen uranyl phosphate; . uranyl nitrate and the
M-Area effluents. S you will see Irom 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. TFor 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°Cc.” (Response to Item Number 2 of letter dated
May 24, 1989).

‘ . 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
phosphate 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 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 [Log (NOEC) + Log (IOEC)] =
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, >

‘!!/fiizzzz;// i,/4(/455;:;)
7 y ey »

Richard L.
President

CERTIFIED LABORATORY
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W/L{F METER CALIBRATIONS
Barametar  2/7 A0 gl e gy s G
Calibration Initial Day 1 Day 2 Day 3 Day 4 Day S D&y & Day 7
saMeter w3 33 5 3z 3 3 %
Buffer Temn.  /GT (9% [%C st gt el 220 zal
Buffer 7 22000 7rhee 722 T Tdew T 7E7w 72700
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I. INTRODUCTION

v

Acute and chronic toxicity tests were conducted January 27 =~ Pabruary .

19, 1989, for the Savannah River Site to assess the acute and chronic

toxicity of hydrogen uranyl phosphate to Ceriodaphnia dubia.,

II. METHODS

Dilution water for the toxicity tests was collected January 23 (Lab

I.D. No. 89-0129), January 27, 1989 (Lab I.D. 89-0158), February 9,

1989 (Lab I.D. No. 89~-0364), February 13, 1989 (Lab I.D. No. 85-0371),

and February 16, 1989 (Lab I.D. 89-0394) from Upper Three Runs Creek

at the northside of a bridge on Road 2-1 on the Savannah River sito'by

Mr. Jeff Bullard and shipped iced to thc}lnboratory via Federal

Express. The water was filtered with a plankton net (37 um mesh) and ‘
only water less than 96 hours cld was used for the toxicity tests.
Ceriodaphnia for the acute and chronic tests had been cultured in

vater from Upper Three Runs Creek since October 25, 1988.

A. Range-Finding Tests

Range-finding tests were conducted January 27 - 29 and January 30 -
February 1, 1989, with concentrations ranging from 0.32 mg/l to 10
mng/1l hydrogen uranyl phosphate (0.21 mg/l - 6.5 mg/l theoretical
uranium) (Table i.) These tests were used to determine test

concentrations for the definitive acute and chronic tests.

B. Acute Toxicity Test ”
Test methods conformed to those Gescribed in USEPA (1985a; ses Table .

2). The 48~hour acute foxicity test was conducted February 17 - 19,
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Table 2: Summary of test conditions for the acute toxicity
bloassay with Ceriodaphnia dubia.

10.

11.

12.

13.

14.

Temperature:

Light intensity:
Photoperiod:

Size of test vessel:
Volume of test solution:
Age of test organisms:

No. animals per
test vessel:

No. replicate test
vessels per
per concentration:

Total no. organisms
per concentration:

Feeding regime:

Aeration:

Dilution water:

- -

Test duration:

Effect measured:

Ambient laboratory levels
16 h 1light/8 h dark

100 ml beakers

50 ml

2=-24 hour neonates

10

20
No feeding required.

None, unless D.O. falls

below 40% saturation, at which
time gentle single-bubble
aeration started.

Upper Three Runs Creek
Water at the Savannah River
Site Road 2-1

48 hours

Mortality - no movement of
appendages on gentle prodding



1989, with the following hydrogen uranyl phosphate concentrations:

3.2 mg/l (0.170 mg/l actual recovered uranium), 1.8 mg/l (0.099 mg/l
recovered uranium), 1.0 mg/1l (0.059 mg/1l recovered uranium), 0.56 mg/l
(0.190 mg/l recovered uranium) and 0.32 mg/l (0.036 mg/l recovered

uranium). Por the control, 100% dilution water was used.

All organisms used in the toxicity tests were from SBHEALY.
ENVIRONMENTAL SERVICES, INC.’s in-house cultures with original stock
culture obtained from the USEPA Newton Laboratory April 20, 1987, Lab
I.D. No. 87=-271. Cerjodaphnia from jn-house cultures are identified
and preserved monthly. gtandard toxicant tests with the EPA reference
toxicant cadmium chloride and laboratory reagent grade cadmium
chloride are performed monthly on Ceriodaphnjia cultured in water from
Upper Three Runs Creek and in conjunction with the chromic toxicity
tests. The results of these tests (LC50’s = 0.08 - 0.17 mg/l cadmium
chloride) demonsirzied that the condition of the cultures were within
the acceptable range (0.059 - 0.199 mg/1l cadmium chloride) for the
test organisms . Test solutions and the controls were prepared in 50
nl quantities in all-glass test chambers. All concentrations and the
control were tested in duplicate with ten Ceriodaphniz dubia neonates
(2-24 hours old) each. The test solutions were renewed after 24-
hocurs. The hydrogen uranyl phosphate compound was prepared using a
procedure provided by Dr. John Pickett by mixing uranyl nitrate and
phosphoric acid on a 1 mole U to 1 mole PO, ratio and neutralized to a
PE ©f € - 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

I
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deionized water and dried overnight at 105°C. A 104 mg/l hydrogen
uranium phosphate stock solution was prepared on robruary.l7, 1989 for
£ho acute test. 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
ppm) was prepared in the same manner on February i8, 1989 for the
renewsl. Both hydrogen uranyl phosphate stock solutions were stirred
vith a magnetic stirrer for five minutes at a constant setting and the
precipitate allowed to settle for 30 minutes. Aliquots of the
hydrogen uranyl stock solution were drawn off the top of the solution
after the precipitate was allowed to settle. The test concentrations
vere prepared by dosing the dilution water with the appropriate
aliquot of the hydrocgen uranyl stock solution using Class A volumetric
pipets. B8amples of hydrogsn uranyl phosphate solutions were preserved
with 10% metals grade nitric acid and shipped with ice packs to

ANALITIKEM, INC. via Federal Express for analyses.

Dissolved oxygen, water temperature, pH, conductivity, total
alkalinity and hardness measurements were made in conjunction with the

-

test. Tamperature was maintained at 25°C + 1°C in all test chambers.

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 dropper where the organism was never removed

from solution.

Test chambers were examined every 24 hours for immobile Ceriodaphnia.

AW



Immobile animals were examined with a stereoscope (60X) and wers
considered dead if no appendage activity coculd be observed after

gentle prodding.

C. Chronic Toxicity Bioassay

Test methods conformed to those described in USEPA (1985b; see Table
3). The 7-day chronic toxicity biocassay was performed February 9 -
16, 1989, as seven treatments exposing 10 test organisms each. The
first treatment was the control (100% filtered Upper Three Runs Creek
Water). The hydrogen uranyl phosphate solutions were 0.056 mg/l, 0.10
mg/1l, 0.18 mg/l, 0.32 mg/l, 0.56 mg/l and 1.0 mg/l, (actual recovered
uranium values of 0.028 mg/1l and 0.021 mg/1l, 0.037 mg/1l, 0.050 mg/l,
0.043 mg/1 and 0.063 mg/l, respectively). All test solutions were
prepared from stock hydrogen uranyl phosphate solutions prepared daily
by dosing the dilution water with the appropriate aligquot using Class
A volumetric pipets and Hamilton microliter syringes (accuracy and
reproducibility + 1%). The hydrogen uranyl phosphate solutions were
prepared in the same manner as for the acute test with each new
solution being stirred by a magnetic stirrer for 5 minutes on a
constant soiiing and the precipitate allowed to settle for 30 minutes.
Samples of all test c;ncontrations from each day were preserved with
10% metals grade nitric acid and shipped with ice packs to ANALYTIKEM,
INC. for analysis. The values given for actual rocovered uranium
roproscﬁt averaged values from analyzed samples of the hydrogen uranyl
phosphate solutions from two days. The test organisms were exposed to
each treatment im individual test chambers. Tast solutions were

renewed daily.



Table 3: Summary of test conditions for the chronic toxicity
biocassay with Ceriodaphnia dubia.

10.

1l1.

12.

13.

14.

Temperature:
Light intensity:
Photoperiod:

Size of test vessel:

Volume of test solution:

Age of test organisms:

No. animals per
test vessel:

No. replicate test
vessels per
per concentration:

Total no. organisms
per concentration:

Feeding regime:

Aeration:
Dilution water:
Test duration:

Effect measured:

25 + 1°C .
Ambient laboratory levels
16 h light/8 h dark

1 ounce SOLO plastic
disposable cups

15 ml
2-24 hour neonates and all

released within the same four
hour period

10

10

Selenastrum capricornutum at
the rate of 1-2,000,000 cells
per ml test soln. per day

None

Upper Three Runs Creek
Water at the Savannah River
Site Road 2-1

7 days

Mortality - no movement of
appendages on gentle prodding
and number of offspring
produced



Dissolved oxygen, water temperature, pH, and conductivity measurements
vere made daily in conjunction with the test. Temperature was

maintained at 25°¢ + 1°C in all test chambers during the test.

The test organisms were placed singly in the test vessels each
containing 15 ml of solution. The organisms were between 16 anad 20
hours old at the start of the test. Transfer of the neonates was
accomplished using an eye Aropper where the organism was never removed

from solution. All Cerjodaphnia were fed the green alga Selenastrum
capricornutum at 2 rate of approximately 1,000,000 cells per ml. per

day in each solution. gelenastrum cultures were obtained from '
Carolina Biological supply Company and cultured in natural spring
water and Alga-Gro media in 1-liter 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.

III. RESULTS |

A. Acute Toxicity Biocassay

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

4. Mortality occurred in tke 0.05% mg/l (20% mortality), 0.099 mg/l
(100% mortality) and 0.170 mg/l (100% mortality) actual recovered

uranium.



Table 4. . 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 Ceriodapnia
dubja. Concentrations in hydrogen uranyl phosphate,
theoretical uranium, and actual recovered uranium. Ten test
organisms per replicate. .

Test Number Dead After %
Concentration Replicate 24 Hours 48 Hours Mortality
A 0 0
Control 0%
B 0 0
Actual
H.U.P.* Theoretical U Recovered U
o iq"' A 0 0
0.32 0.268 mg/1l 0.036 mg/1 0%
B (4] 0
0 30'#7 A ) 0
0.56 0.964 mg/1 0.190 mg/1 0%
B 0 0
0.5“' a 2 2
1.0 0.656-mg/1 0.059 mg/1l 20%
: 0 2 @
! 19\ ’,
0.4" A 10 10
1.8 -A+170- mg/1 0.099 mg/1 100%
*/ B 8 10
11 A 10 -
3.2 2--08€ mg/l 0.170 mg/1 100%
B 10 -

ol
*Hydrogen Uranyl Phosphate 005{ ther

A WMJ Yt o Le59 a/ {2 A’/L Hu P
7:3 j.i/:f‘au}mék ts akﬁ:”" pll rreovasd UL
&Thdl A ced U J/l/f) f‘&v:&’d 6\/ \l,/}/c// //0.//1/?{
5}‘*’414 H/w/ MW"J cti t’-15'°7\ ' ,'5'/4 Al A’Wf wiel
Otfcf M;‘yl ﬂ/ 6. 6T 77%
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concentrations. No mortality occurred in the 0.190 mg/l, 0.036 ng/1l
concentrations or the control. These data vere used to determine a
48-hour LC50 (median lethal concentration) value with the Binomial
Method (EPA, 1985a). This calculation resulted in a 48-hour LCS50
value of 1.20 mg/l hydrogen uranyl phosphate with 95% confidence
limits of 1.0 and 1.8 mg/l. A 48-hour LCS50 value in terms of
recovered uranium could not be calculated since the recovered uranium

concentrations were sporatic and not in a progressive series.

Water chemistry data taken in conjunction with the acute bioassay are
given in Table 5. All parameters monitored were within acceptable '
l1imits for bioassay purposes except for the pH readings on February 17
for the 1.0 mg/1, 1.8 mg/1 and 3.2 mg/1 hydrogen uranyl phosphate
concentrations. For these concentrations, pHs of less than 6 8.U.s

wvere ohserved.

B. Chronic Toxicity Bioassay

The results of the 7-day chronic toxicity test are given in Table 6.
Mortality ocgurred in the control (10% mortality), 0.056 mg/l (10%
mcrtality),-o.zo mg/1l (10% mortality), 0.32 mg/1 (10% mortality), 0.56
mg/1l (20% mortality) and 1.0 mg/1 (10% mortality) hydrogen uranyl
phosphate concentrations. No mortality occurred in the 0.18 mg/1
hydrogen uranyl phosphate concontration. Reproduction in the control

averaged. 17 offspring per female.
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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
. Cconducted February 9 - 16, 1989
L=Live

D=Dead

Conc. Day A B C D E F G H I J
""" UL} o o] of o] o] of o of o o
2 0 0 0] 0 0o 0 0 0 0 (o]
T3l oj o] ol o] o] o o of of o
Control |-- R o e Bl et Rttt Bttt B e BT
4 2 2 0 {D/0 2 2 3 3 0 0
s || 4| 3] s|- | af a| 3| 7] a| o
e i o| 4| 6 |- | 2| sl 0ol1]| 3
T 5| ej10 - |16] 7] 5| s 210
TOTAL|| 11 | 18 | 22 | © | 24 | 18 | 25 | 19 | 17 | 23
avrt|| L | L [t |D |L |L (L |L & [L ||°

Dilution ----- - e - - e | oo

(0.056 ) - e P B B B B

ppm 3 0 0. (¢} 0 o o 0 0 o 0
hydrogen |====¢||-===|=wee|eeeu|caa=- - - -
uranyl 4 2 2 1 0 2 3 2 1 3 4
phosphate| - S R B B e R e el s

5 0 6 0 |D/O 0 4 6 0 4 0

U 6 4 7 10 - 3 5 2 4 6 5

= 0.028 |=cm==||[ccee|ecce|come|cmna|cmme|mmae]|mmme|amee | ceaa| e
PPm® 7 11 0 0 - 3 . 3 9 0 3.1 10
roraLl| 17 1 25 | 11| o | 8| 15 | 19 5 | 16 | 19

ADULT L L L D L L L L L L

oo esenanan | w o ww en - e | cmoe | coamo | oo - - an a» o=
- - -

X= 12.5 S.D. = 6.4
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Table 6: REPRODUCTION/MORTALITY DATA for the Ceriodaphnia chronic toxiciti

test conducted with hydrogen uranyl phosphate for the Savannah River Sit
Conducted February 9 - 16, 1989 (Continued)
L=Live
D=Dead
Conc. Day A B c D E F G H I J

1 0 0 0 0 0 0 0 0 0 0
Dilution |~w=--- SV VRN VIR PRSI PV, IS PEVERGE DIV PRI PR
2 0 0 0 0 0 () 0 0 0 0
(0.010 ) |====c]||==em|=mee|=mm= - -|- Y R PR P

ppm 3 0 0 0 0 0 0 0 0 0 0
hYdrogen - e e e womme | mmme | cewe - -

uranyl 4 0 6 2 |D/O 2 2 o 2 2 3

phosphate|—==-=| | ~===|c=cec|vccc| mecn| coma| cmen | coen | cmam | e | caee
5 0 5 3| - 2 o | 10 0 0 1

Observed |====- B B D B b e e Dt Rt Dttt |
U 6 8 4 3| - 8 5 4 0 8 5

= 0.021 |===== e e P P e
ppm 7 4 5 | 10 | - o | 10 5 5 5 2

TOTAL|| 12 | 20 | 18 0| 12 | 17 | 19 7 |15 | 11 ,

ADULT|| L L L D L | L L L L L

I=Live
D=Dead

Conc. Day A B c D E F G H I J
1 0 0 0 0 0 0 0 0 0 0

Dilution |=====||====|=ee=|mmee|=mce|emme|meme|amae | =ome | coae | ===
2 0 0 0 0 0 0 0 0 0 0

( 0.18 )|===== SNPGRS USIRIPRS PIVVISHS RV | - w|mmmm || -
ppm 3.. 0 0 0 0 0 0 0 0 0 0

hydrogen |===== B P P e ] B EE ey P e R
uranyl 4 2 ‘4 2 0 2 2 0 0 2 4

phosphate|=====| | ====|ccce|mccc]| mcnn | cmec | cenc | even | ccce | ccon | e
5 : 0 3 2 4 3 3 2 ) 6

Observed |====- B B T e B ] D] et Dt Bt Bt
U 6 4 3 3 6 5 4 5 3 2 5

= 0.037 - SN, [, PUPIIVEY PEPHVIVEY PUVIIDEY PUVIVIEY [PISIIPRY PIORRo RO
ppm 7 6 2 8 8 3 5 8 4 6 4
TOTAL|| 15 9| 16 | 16 | 14 | 14 | 16 9 | 10 | 1o

aovrr|| v [t | |t |z | | | |L |L ‘I’

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)

L=Live
D=Dead

Conc. Day A B c D E F G H I'|J
1 0 0 o 0 0 0 0 0 0 0
Dilution |===-- . - - -

2 0 0 0 0 0 0 (o} 0 0 0
( 0.32 ) |===me||=mmm|mmmn|mmen|cmon | mmem | mmmm e | mmem | cmme | e
ppm 3 0 0 0 0 0 0 0 0 0 0
hydrogen - e hatd bl Bl Rttt ettt el R
uranyl 4 3 4 2 2 1 |{p/1 0 2 2 0
phosphate|=«===| | s=== | ccme | cccn | conc | mncn | conn |cnec | mece | cmee | =we-
5 0 4 3 6 3| - 0 0 0 0
Observed |===-- e ot B B ] Rl e Dt Bl R D
U 6 4 5 | 10 6 | 11 | - 2 4 () 9
= 0.050 |==m==||==m=|mmmm|mmme|mmmm | mmem | mmmm e | mmee | m e | — e
ppm 7 4 5 6 5 o] - 12 6 5 6
TOTAL|| 11 | 18 | 21 | 19 | 15 1] 14 | 12 7] 15

ADULT|| L L L L L D L L L L

‘I' X= 13.3 S.D. = 5.9

L=Live Day A B c D E F G H I J

D=Dead |===-- SR PRI PRV (SN . | e
Conc. 1 o] o| of o] o] o o] o 0 0

2 o 0 0 0 0 0 0 0 0 |D/0
Diluticn ----- - o= uo @ wmme | coacs | coma | coas | ceo-

ppm 4 2 0 3 0 2 2 |D/C 1 2 -

hydrogen |===w=||=cec|comelcnce|ccnc|cccn|wmcc|caca|ccmc | cane | ceae

uranyl 5 o| 2| o] 6] o] o] = 3 5 | -

Observed |=----- e EE T B B B B B e Bt
U 7 5 2 2 0 1 11 | - 2 6 -

e T L T T R B e e e B e B B e e B
ppm TOTAL 11 6 11 12 8 15 0] 10 17 0
ADULT L L L L L L D L L D
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Table 6: REPRODUCTION/MORTALITY DATA for the Ceriodaphnia chronic toxicity

test conducted with hydrogen uranyl phosphate for the Savannah River Sit
Cconducted February 9 - 16, 1989 (Continued) '

L=Live
D=Dead
Conc. Day A B C D E F G H I J

1 0 0 0 0] o 0 0 o 0 0]

Dilution |[==e==||=ccc]|ecca|mcen | cana | ccac | cana|ccce | cccn | wecn | c =
2 o] 0 0 0 0 o o o o 0

( 1.0 )|====- - e B e B B R Rt
ppn 3 0 0 0 0 0 |Dp/o ¢ 0 ] 0
hydrogen |==-==||====|ecec|ccen|coma|cenn|cmnc|cmen | cecn | moon | come
uranyl 4 3 0 3 0 1 - 2 0 0 1
phosphate|=====| | ====| cece| cccmw | ce== ——— | ceee] c———-

U 6 2 3 10 4 2 - 0 2 o 5

= 0.063 |===-- B e B B e Dl Dt Rt s
ppm 7 6 0 0 0 o] - 0 0 4 0
TOTAL|| 11 5 | 15 4 5 0 7 2 9 | 12
ADULT|| L L L L L D L L L L
X= 7.0 S.D. = 4.7 ‘II'
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Average reproduction in the hydrogen uranyl phosphate solutions was as

followa:
Offspring
Per X
Female Mortality
Control = 17.0 10
Hydrogen 2
Uranyl Avesq e
Phosphate Theoretjcal U Recovered U
'o’o
0.056 mg/1 0.63¢ mg/1l 0.028 mg/1 = 12.5 10
o5t
0.10 mg/l 0.065 Mg/l 0.021 mg/1 = 13.1 10
.oq)
0.18 mg/1 0. /1 0.037 mg/1l = 13.8 [\
0.32 mg/1 0. mq /1 0.050 mg/1 = 13.3 10 '
0.56 mg/1 0. 364 gq/l 0.043 mg/l = 9.0 20
Mg
1.0 mg/1 0.650 fmg/1 0.063 mg/l = 7.0 10

The reproduction lata were tested for normality using the Chi-S8quare
Goodness of Fit Test and for homogeneous variances using Bartlett’s
test. Non-transformed data were found to be normally distributed
(Chi-8quare = 3.22, critical value = 12.59) and with homogensous
variances (Bartlett’s Test p value = 0.445, p = 0.01). 8tatistical
analyses of the results using Dunnett’s Multiple Comparison Procedure
indicated chromic toxicity at the 0.56 mg/l and 1.0 mg/1l hydrogen
uranyl phosphate concentrations (actual recovered uranium
concentrations of 0.043 and 0.063, respactively). The no observed
effect concentration (NOEC) was 0.32 mg/l hydrogen uranyl phosphate
(0.050 mg/1 recovered uramium) while the lowest observed effect
concentration (LOEC) was 0.56 mg/l hydrogen uranyl phosphate (0.043

ng/l recovered uranium). The chronic value (ChV), taken as the
& e of 2 detwminid s ze  Phble @,ﬂw‘f
Tt i e emrihed by Cmp A, )Y
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geometric mean of the NOEC and LOEC, was 0.423 mg/1l hydrogen uranyl

phosphate.

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 except for the pH readings on
February 14 and 15. Yor these days pHs of less than 6 8.U.s wvere

recorded for all concentrations and the control.

. 4/‘
Recavey v d Y valurs de et 7"’41" ;/:/"/A/W"’ )
bl He resals o dzat? &Mw oAy

7 s U
somewhye O T # 7/,/”//&//7 ®



Table 7: WATER

CHEMISTRY DATA for the Ceriodapinie chronic toxfcity test conducted with

hydrogen uranyl phosphate for the Ssvarnsh River Site, February 9 - 16, 1989.

.............................................................................................

| DAY 1 | DAY 2 | DAY 3 | DAY & | DAY 5 | DAY 6 | DAY 7 ||

Concentration| Parsmeter |Iinit.| old |renew| old |renew| old |renew| old |renew| old |renew| old |renew| old |renew||
I I I ! | | | | | | I | | | i I i

|Temp. (deg. C) ||25.5 | 126.5 | 125.0 | |24.0 | |26.0 | |25.0 | 126.0 |25.0 | T
|-=emmmenenneees R B R Rl R ] ] L L L L Ll L e R 1

|0.0. (ppm) ]|9.00 |8.80 |8.70 |8.80 |8.70 |8.30 |8.30 |7.90 |8.20 |7.30 |9.10 |7.50 |9.00 |7.60 | 1

T R B B B e B ] ] L L L ] Lt B SRR
C 0% ) |pH (SU) 116.35 |} 16.24 | 16.17 | |6.20 | 16.15 | |5.86 | |5.89 | | I
|--emeeesennanas e L B B B B ] ] B R e B B e Bt

|Alk.Cppm CaCO3) || 3.0 | | 3.0 | | 3.0 | | 3.0 | | 3.0 | | 3.0 | | 3.0} | i
|neennenneenees R R B B B B e L e L e e B S |
|Hard.(ppm CaCO3)|| 3.8 | | 3.8 | | 3.8 .| 3.8] | 3.8 | | 3.8 | | 3.8 | | 1
|-reernaneeneess R ] e e e B e B B ] S S el Rt |

|Cond. (umhos/cm) || 19 | {19 | |20 | |19 | |19 | | 19 | |19 | | I
|=eesnemneneees B ] B B B B B B B B B Ot R |

| DAY 1 | DAY 2 | DAY 3 | DAY & | DAY 5 | DAY 6 | DAY 7 ||

{|Init.| old |renew| old |renew| old |renew| old |renew| old |renew| old |renew| old |renew||

.tentrution| Parameter
|

i I ! | | | I | | I I | | I |

|Temp. (deg. C) |]25.5 | |24.5 | }25.0 | |25.0 | |26.0 | |25.0 | [24.0 |25.0 | T
Bilution |-ssesnrenseases R ] e B e et L L ] S L e L Rl |
¢ 0.056) |D.O. (ppm) |}9.00 |8.30 |8.50 |8.20 |8.70 |8.10 {8.30 |7.90 |8.20 |7.50 |9.20 |7.60 |9.10 |7.70 | I

|--eemanenneanes R B B B B B e ] ] e Lt R L R Bt

Observed  |pH (SU) [16.26 | j6.20 | 16.15 | 16.21 | |6.12 | [5.90 | {5.87 | | T
U= 0.028 |-sussemseneeases B ] e B B B e e ] B B B e B e |
pom  |Cond.(umhos/cm) || 19 | |19 ) |20 | |19 | 119 | 119 | | 19 | | 1
|-eenmeneaneeness B P B e B ] e B B B S et |

| ©AY1| DAY2| DAY3| DAY4 | DAYS5| DAY 6| DAY 7 ||

Concentration| Parameter {|Init.| old |renew| old |renew| old |renew| old |renew| old |renew| old |renew| old |renew||

| H I | I | I I | | | | | | | | I
|Temp. (deg. C) ||25.5 | j26.5 | |25.0 | je6.0 | . |26.0 | |25.0 | |24.0 |25.0 | H

Dilution  f-r=smmemsesneces R B P e e et et A s St S L e e e 1

(0.0 ) |0.0. (ppm) ||8.95 |8.80 |8.90 |8.80 |8.70 |8.20 |8.30 |7.90 |8.10 {7.30 |9.10 |7.50 [9.00 |7.60 | 1!
e B B B e L e e B B L e et It Rl

‘nerved |pH (SU) 116.24 | |6.18 | {6.13 | 16.19 | 16.02 | |5.88 | |5.87 | | 1
® 0,021 |-reneensesneaces B L B B et e B B e I et Bl Rt R S |

ppm |Cond. (uwhos/cm) || 19 | {19 | |20 | 119 | 119 1§ |19 | 119 | | I
|veneaneaneenes B e B B et e L e B ] B Bl B B |




Teble 7: WATFR CHEMISTRY DATA for the Ceriodsnhnia chronic toxicity test conducted with
hydrogen uranyl phosphate for the Savannsh River Site, February 9 - 16, 1989. (Continued)
] DAY 1 | DAY 2 | DAY 3 | DAY & | DAY 5 | DAY 6 | DAY 7 ||
Concentration] Parameter J{init.] old |renew| old |renew| old [renew| old |renew| old |renew| old |renew| old |renew||
| H | i | i I | | | | | |nmmes] | | H
|Tomp. (deg. C) |]25.5 | 124.5 | |25.0 | 126.0 | |24.5 | 125.0 | |24.0 |25.0 | 1
Ditution  |-se-=-ccocece-o- ] Rty |====- f==e-- |-==-- foene- f=---- f==e-- [==e-- Jo=m-- |==--- |===-- f=u--- |==--- foun-- i

¢ 0.18) [0.0. Cppm [18.95 |8.80 |8.90 |8.80 |8.70 |8.10 18.30 |7.90 |8.10 |7.70 |9.60 |7.70 |8.70 |7.50 | ||
R i ]ttt RREhd R Rt btd it Rt R E el REthtd Rried it Rt R RN Rl |

Observed |pH (SU) [16.26 |  16.43|  [6.10|  [6.20 |  ]6.00 |  |5.89 | 1581 | |
U= 0.037 |-ee-secomecnees R Rl Rt Ettd EActd it R R B F e RREd Etaatd LAt Retidd Rt I
ppa  [Cond.Cushos/cm) || 19 | |19 | |20 | F9 1 1% 191 1%
e TR R R RSl Rl Rt R e tad Eiatad EEtitd Erbidd Eadietd Eadtad Retbil hestit]l

---------------------------------------------------------------------------------------------------------------------------

] DAY 1 | DAY 2 | DAY 3 | DAY & | DAY S | DAY 6 | DAY 7 ||
Concentration| Parameter ||Init.| old {renew| old |renew] old |renew| old |renew| old |renew| old |renew| old |renew||

| ] I I I | | I | | | | | i | I I
[Temp. (deg. €) [[25.5 | |25.0 | 125.0 | |26.0 | |24.5 | |26.0 | |24.5 ]25.0 | 1

A Rt e L e L L L L Lt L ] L] R Nl |
(0.32) [0.0. (ppm) [19.00 |8.80 |8.90 |8.60 |8.70 |8.00 |8.3C |7.90 |8.10 |7.20 |8.85 |7.50 [9.00 |7.55 | ||

|-eneeemmennnes B B e B L e B L B Lt R [ SRR Bt I
Observed  |pH (SU) [16.30 | J6.10]  |6.11]  |6.20 )  |5.97|  |5.90 |  |5.82 | T

I
|
U= 0.050 |-eresenrenneeses e R B I B Rt e R R R R |-===11
ppm |cond. (umhos/cm) || 19 | | 19 | |
I | I

e | DAY 1 | DAY 2 | DAY 3 | DAY & | DAY 5 | DAY 6 | DAY 7 ||

Concentrstion| Paremeter |1init.| old |renew| old |renew| old {renew| old jrenew| old |renew| old |renew| old |renew||
| I | | | | | | I | | | | | | I I

|Temp. (deg. C) |]25.5 | 125.0 | }25.0 | 126.0 | 124.5 | |24.0 | |26.5 |25.0 | I

Dilution  |-someesencresees R S Rt Rt R Rl Rl At SOl Il ket onel el el Bt [
(0.56) [0.0. (ppm) 119.00 |8.80 |8.90 |8.70 |8.70 |8.00 |8.20 |7.80 |8.10 |7.30 |8.80 |7.40 |8.50 |7.80 | il
|weenneanesenes e ] B B L B ] R Lt B ey Rty sy I B |

Observed |pH (SU) |16.27 | 16.11 | 16.07 | l6.18 | 15.95 | |5.85 | |5-80 | | i
U= 0.043 [omreemesneeees R e B R L B ] B B B ey B L Sy el
ppm |cond. Cushos/cm) || 19 | | 19 | {20 | |19 | | 19 | | 19 | |19 | | I
it e B e e ] B B ] B B B e e e Rt |




Table 7: WATER CHEMISTRY DATA for the Ceriodaphnis chronic toxicity test conducted with
hydrogen ursnyl phosphate for the Savannsh River Site, February 9 - 16, 1989. (Continued)

Concentraticn| Parameter

ccssssvensccnece B P T L L L e N N L L L L L T R T e L TP L P Y L T

| DAY 1 | DAY 2 | DAY 3 | DAY & | DAY 5 | DAY 6 | DAY 7 ||
jinit.] old |renew] old |renew| old |rensw| old |renew] old |renew| old. [renew| old |renew||

Dilution
( 1.0 )

Observed
U = 0.063
Pp®

|

|Temp. (deg. C)
|----. ----- comone
}0.0. (ppm)

I ................
|l (SU)

| ...... enremcscnan
|Cond. (umhos/cm)
| .......... ceoeoe

] | | | | I | | jemnan) I | | | I I
1125.5 | j4.0 |  ]25.0 | j26.0 | j24.0 | 125.0 | |24.0 | | I

L L e e I e L L e e S L e R 1
119.05 8.80 |8.90 |8.65 |8.70 |8.10 |8.30 |7.80 |8.20 |7.00 |8.50 |7.50 [9.00 [7.50 | ||

e L e e e B e ] e B e B e R Bl |
116.26 | 16,09  |6.08]  |6.15 |  |s.97|  [s.%0| 5.8 | | |

T et e e B B e B ] ] ] B e R IRl |
TR T I R I O TR 2 T I T 2 T I B B 1
Lt el B e B B B B B ] ] B e e e T
1} 3.5 | |3.0] |3.5] | 3.0 | | 3.0 | | 3.0 | | 3.0 | | i
L e e e B e e e By ] B B At B
|| 3.8 | |3.8] |3.8] | 3.8 | | 3.8 | | 3.8 | | 3.8 | 1
R L e e L B B B B B B B B e S 1




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 20 100 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 WITH THESE 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 O AND 100, NEITHER THE MOVING AVERAGE NOR THE
PROBIT METHOD CAN. GIVE 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 - 16, 1989

{Data non-transformed) .
Source DF ss Ms F'
Among 6 653.7 109.0 3.22
Within 63 2135.1 33.9
Total 69 2788.8

Dunnett’s T Values

(Critical Value = 2.35)

Concentration Calculated T

0.056 mg/1l 1.70 !

0.10 mg/1 1.43

0.18 mg/l 1.21

0.32 mg/1 1.36

0.56 mg/l 3.02 .
1.0 mg/l 3.58

Chi-Square Calculated Value = 3.22 Critical Value = 12.59

Bartlett’s Test p Value = 0.445 (p = 0.01).

G| = 100

Cw&f“‘( Wf = M"Sq QV ’J

A= 4.4(20”{ l*q ?""(
{Wd‘ {mw\t’é }W/)
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IV. Analysis of Test Solutions

Results of analysis of test solutions of uranyl phosphate
HUO9PO4.4H20 (MW = 438)

Theoretical

Concentration Observed Concentration Percent

Total Uranium, mg/L Total Uranium, mg/L Recovery
0.17 0.036 21
0.30 0.190 63
0.54 0.059 11 ,
0.97 0.099 10
1.72 0.170 10
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 11
0.030 ‘ 0.030 100
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. Methodology and Quality Control Data

The methodology and quality control data are described in Sections II
and 1V, respectively, Part I, of this report.



ATTACHMENT X1

J. L. Keyes to J. P McLaughlin. Scope of Work for Additional Hydrogen Uraryl
Phosphate Toxicity Tes:s. Westinghouse Savannah River Co., Savannah River Site,
Aiken, SC 29802 (May 3, 1989).
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. Westinghouse P.0. Bax 618
Savannah River Company Aken. SC 29802

EPS-ES-80-0046

May 9, 1989

Mr. Joseph P. McLaughlin
Contract Program Manager
AnalytiKEM, Inc.

454 S. Anderson Road, BTC 532
Rock Hill, SC 29730

Dear Mr. McLaughlin:
Contract AX #843930
Enclosed is a Scope of Work for additional Hydrogen Uranyl Phosphate acute and

chronic toxicity tests. Please arrange for Shealy Environmental Services to
initiate this task in a timely manner.

*

Questions may be directed to Dr. John Pickett at (803) 725-3838.
Yours very truly,

UL L Fip

/'J. L. Keyes

Process Biologist
Environmental Protection Section

JLK:cce
Enclosure

OSR 25-82-Wi4-80)



#0 Box 618
Wastinghouse Axer SC 29602

Savannah River Company

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

SCOPE OF WORK FOR ADDITIONAl HYDROGEN URANYL PHOSPHATE
ACUTE 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, 773-42A
C. P. Thompson, 730-M
H. L. Martin, 730-M



SCOPE OF WORK

ADDITIONAL TOXICITY TESTING ON HYDROGEN URANYL PHOSPHATE

Please test hydrogen uranyl phosphate for acute and chronic
toxicity (LC-50, and NOEC and LOEC).

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 20°cC.

Ceriodaphnia dubia, raised in Upper Three Run water. are to.be .
used.

Water from Upper Three Runs, collected at Road 2-1 on the
Savannah River Site is to be used for control and dilutions.

The preparation of the hydrogen uranyl phosphate compound, and
the preparation of the subsequent stock solution is given in
Attachment I.

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 Di ] i U . 1
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

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 3nd 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.



1)

2)

3).

4)

5)

1)

2)

3)

4)

4)

ATTACHMENT
Preparation of HUQ-POs4  4H20 (MW= 438 gm/Mole),

Mix uranyl nitrate and phosphoric acid on a 1 mole U to 1 mole
PO4 ratio.

Neutralize to pH 6-7 with NaOH.

Stir 15 minutes, and filter precipitate.
Rinse three times with D.I. water.

Dry ppt at 105° 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.

P_r.e.p.a.natign_nf_m&smk_snluugn

Prepare sufficient stock solution (one lot) for all of the
acute and chronic tests.

Weight out enough hydrogen uranyl phosphate ("HUP") to prepare

~ a 100 ppm solution. Filter the entire solution using 0.45um
filter. This should result in a filtrate with ~10 ppm of
soluble "HUP". The filtrate is to be used as the stock solution
for all of the toxicity tests. Note; either 0.45 Hm Nucleo-
pore® or 0.45 pm Millipore® filters are recommended.

The stock solution is to be maintained at 4°C during the
testing,

The concentration of uranium in the stock solution is to be
determined in triplicate, and the dilutions based on the
measured value of uranium.

The filtrate stock solution is to be agitated or stirred
vigorously prior to preparing any dilutio:- (or analyses) to be
sure that any insoluble material. is incluc 4.



ATTACHMENT XII *

E. T. Korthals and K. E. Trapp to John Keyes. Acute and Chronic Toxicity of
Hydrogen Uranyl Phosphate to Ceriodaphnia dubig. Report No. NAI-SR-106,
Normandeau Associates, Southeast, Aiken, SC 29802 (December, 1989).
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Normandeau Associates, Inc. NORMANDEAU ASSOCIATES
P.O. Box 1393

Aiken, SC 29802

(803) 652-2206

(803) 652-7428 (Fax)

R oo

0C.; T feket; 730-
2 January 1990 U,L_W/ e
D). Dudern, 703-4 whpsped

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 '
Ceriodaphnia dubia", NAI-SR-106 (Ref. Contract AX843967).
This final revision includes comments as discussed with Dr.
Pickett on 12/1/89.

Sincerel

' /y/d;t o -

Eric T. Korthals e M(( 4;‘(/

Laboratory Manager,

Aquatic Toxicology uﬁl/
rad ‘4

ETK/wmb .
I § 10N
Enclosure ﬂ

Bedford, NH - Yarmouth, ME Aiken, SC
Hampton, NH Peekskill, NY Greenwville, SC
Williston, VT Toms River, NJ LeClaire, IA

A subsidiary of Thermo Environmental Corporation and Thermo Electron Corporation
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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.0O. 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.0O. Box 616
Aiken, South Carolina 29802

John Pickett
Program Directaor
8
John L. Keyes
Contract Manager

by

NORMANDFAU ASSOCIATES, SCUTHEAST
P.0. Box 1393
Aiken, South Carolina 29802
(803) 652-2206

Draft Report
September 1989

Final Revision
December 1989
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EXECUTIVE SUMMARY

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.

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°4H530. Test results
(unfed) iﬁdicated that, based on nominal concentrations of

dissolved uranium, the C. dubia 48 h LC50 for hydrogen

uranyl phosphate equaled 0.12 mg/L dissolved uranium (95%
confidence 1limits = 0.11 - 0.13 mg/L). The test results
also 1indicated that the addition of food increased the

nominal 48 h LC50 tao > 0.26 mg/L dissolved uranium.

A é: dubia seven-day static renewal chronic toxicity test
was conducted‘to determine the chronic (long-term) toxicity
of hydrogen wuranyl phosphate. Exposure to nominal
concentrations of hydrogen uranyl phosphate > 0.006 mg/L
dissolved uranium affected both test organism survival and
reproduétion. The nominal NOEC and LOEC for hydrogen uranyl
phosphate equaled 0.002 and 0.006 mg/L dissolved uranium,

respectively.

iv



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 that Normandeau
Southeast (NAI-SE, SC DHEC Laboratory Identification Number
02101) determine the toxicity of hydrogen uranyl phosphate to the
water flea, Ceriodaphnia 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 (HUO,PO4-4H>0), 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 Upber 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
into the Savannah River. The water in Upper Three Runs Creek is
generally acidic and demonstrates little or no buffering capacity

(Table 1-1).

This series of toxicity tests was designed to assess both
the acute and chr&nic 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 exbloratory; its purpose was to reduce the number of

concentrations tested in the second phase by approximating



Table 1-1. 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 Alkalinity@ Conductivity

pH (CacO3ymg/L) (CaComg/L) (mS/cm)
1988
Jan. 11 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 .
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 11 5.65 3.0 1.0 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

apetection Limit = 0.1 mg/L.



concentrations of the compound that would produce 50% mortality

among the test crganisms.

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 Qith 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 C. dubia static renewal chronic toxicity
test waéwperformed to identify concentrations of hydrogen uranyl
phosphate that couid 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 thé concentrations used in the chronic test. During a

seven-day period, C. dubia individuals typically produce three

1-3



broods of offspring. Test organism survival and offspring
production served as criteria for determining the chronic toxicity

v

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 (Horning 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.

-



2.0 METHODS AND MATERIALS

IV N g N e I = s L

2.1 PREPARATION OF STOCK SOLUTION

v

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 1in a test.
concentrations of dissolved uranium were determined either by
fluorometry (Method 711-B, detection 1limit = 0.02 mg/L; APHA
1985) or by inductively coupled plasma emission
spectrophotometry (EPA method 200.7, detection limit = 0.10

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
(1:1 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. ige resulting precipitate (HUOZPO4‘4H20) was filtered
through Whatman #4 filter. paper, washed three times with
deionized water, transferred to a watch glass, and dried at

105° Cc for approximately 16 h.

A saturated stock solution of hydrogen uranyl phosphate was

prepared by mixing 0.4 g of the compound with 19 L of ' Upper



Three Runs Creek water for approximately 16 h. The resultant
suspension was filtered through a €.45 um polycarbonate filter
(Millipore Corp., Bedford, MA). The filtrate was then used 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 (X + 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 1listed in Horning and
Weber (1985) aﬁd Peltier and Weber (1985) were followed for
handling organisms, cleaning test equipment, and conducting
all toxicity tests. Laboratory procedures are 1listed in
detail, and deviations from methodology given in Horning and
Weber (1985) or Peltier and Weber (1985) are noted. The water

flea, Ceriodaphnia dubia, served as the test organism.

2.2.1 Culture Methods
Stock culturés 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 froﬁ Upper Three Runs Creek (Aikeﬁ County, SC). Water

is collected at the Road 2-1 bridge on the SRS and is filtered



through a plankton net prior to use. Typical water gquality

values for this creek are listed in Table 1-1.

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 Kkept 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. dubia (30 organisms/culture dish) were fed

every  other day on a diet consisting of a mixture of algae

(Selenastrum capricornutum) and YCT (yeast, cerophyll, fermented
trout chow). Approxima;ely 1 x 108 cells/mL of algae and 5 mL
of YCT were added to each culture dish. A modified version
of Bold's Basic Media (Appenciix 1) was used to maintain uni-

algal cultures of S. capricornutum.

All culture dishes were examined at least three times per
week, and qualiity assurance records were maintained for each
dish. Recor@s 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



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
11 July 1989 for the acute toxicity tests and on 7 and 11 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 um 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-Finding 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‘



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 prebare 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 11 to 13 July
1989. All tesﬁ 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.

g.-égplg were exposed to the following dilution series of
hydrogen uranyl phosphate in both acute toxicity tests:

0 (control), 0.10, 0.13, 0.16, 0.20, 0.23, 0.26
mg/L dissolved uranium (nominal values).
Graduated cylinders and a variable p;petter' were used to
transfer aliquants of chemical stock solution to 500-mL

volumetric flasks. The flask contents were 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 using the same volumetric flask. 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 dissclved

uranium.

Test conditions are summarized in Table 2-1. Boro-
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 irdividuals per beaker. A large-
bore, fire-polished, glass pipette was used to randomly trans-
fer ten neonate daphnids to each tes® chamber. When ten
individuals had beea 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.

In--fhe acute toxicity test with fed test organisms, a
r.ixture of algil éuspension and yeast-trout chow-cerophyll (YTC)
was added at a final concentration of 0.033 mlL/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.



Table 2-1. SUMMARY OF TEST CONDITIONS: Ceriodaphnia dubia?
48 h static renewal acute toxicity test.
1. Test temperature 25 + 20 ¢
2. Light quality Ambient illumi-
nation
3. Light intensity Ambient
laboratory levels
4. Photoperiod 16L:8D
5. Test vessel
size/type 250-mL borosilicate
glass beakers
6. Number of organisms 10
per vessel
7. Number of replicates 2 per concentration
8. Age of organisms <24 h
9. Total number of organisms 20
per concentration
10. Aeration None, unless DO
is < 40% satura-
tion
11. Diluent Upper Three Runs Creek
water
12. Test duration 48 h
13. Effect measured Mortality (LC50 + 95%
confidence limits)
14. Chemical parameters Do, ©cC, PpH,
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
test concentrations

(daily on new and old
solutions)

apdapted from Peltier and Weber 1985.



The acute toxicity tests were conducted in a temperature-
controlled, walk-in incubator maintained at 25 + 2°© cC. Test
organisms were exposed to a 16L:8D photoperiod. ' Specific
conductance, dissolved oxygen concentration (DO), CaCO3 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 CaCOj
hardness. Dissolved-oxygen concentrations were measured with a
YSI Model 58 lﬁ) 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 mébility (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).



2.2.2.3 Seven-Day Ceriodaphnia dubia Static Renewal

Chronic Toxicity 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 of
the hydrogen uranyl phosphate stock solution were transferred to a
500-mL volumetfic 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 conééntration. 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 (Solec Corp.) containing 15 mL

of test solution. Cups were assigned a randomized position in a



Table 2-2. SUMMARY OF TEST CONDITIONS: Ceriodaphnia dubia?

seven-day static renewal chronic toxicity test. ’
1. Test temperature 25 + 19 C
2. Light quality Ambient illumi-
nation
3. Light intensity Ambient
laboratory levels
4. Photoperiod 16L:8D
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
9. Total number of organ- 20
isms per concentration
10. Aeration None, unless DO
is < 40% satura-
tion
11. Diluent Upper Three Runs Creek
water
12. Test duration 7 d
13. Effect measured Mortality, reduced

young production
(NOEC and LOEC)

14. Chemical parameters Do, ©°c, alkalinity,
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)

apdapted from Horning and Weber 1985.



test tray which was maintained for the duration of the test. All
test trays were placed in an incubator maintained at 25 + 1°© cC.
The incubator temperature was continuously monitored. Test
organisms were exposed to a 16L:8D 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, CaCO3 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 ngiity 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,



dietary lipids, minerals) were provided by the algal portion of ‘

the diet.

The criterion for establishing 1lethality 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

All 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 deignized water. The glassware was air-dried, then soaked
for 24 h in 2% HNOj. Deionized water was used in the final
rinses (5 times with deionized water) of the glassware. All
borosilicate-glass beakers used 1in 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. ‘



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
young produced bf C. dubia exposed to the control solution and
test exposures without significant mortality were normally
distributed and if the variances for this data were homogeneous.
These conditions must exist to perform parametric tests such as
the analysis.of variance (ANOVA) and Dunnett's multiple comparison

test.



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:

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 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.



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 LC50 for unfed test organisms equaled 0.12 mg/L
dissolved uranium (95% confidence limits = 0.11 to 0.13 mg/L

dissolved uranium; Table 3-1).
The results of basic water chemistry analyses performed
on all sSolutions used in this acute toxicity test are listed

in Appendix 2 (Tables 1 through 4).

3.1.2 Acute Toxicity Test-Fed Organisms

A 48 h static renewal acut. 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

LC50 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 C. dubia static renewal chronic

toxicity test are summarized in Table 3-3. Partial mortality

was observed by test termination among C. 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 > 0.06
mg/L dissolved uranium compared to the control individuals

(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 Hydirogen Uranyl Phosphate. .

Results of Fisner's Exact test conducted on the percent
survival of Ceriodaphnia dubia exposed to a control and eight
concentrations of hydrogen uranyl phosphate in the seven day
static renewal chronic toxicity test. Water {rom Upper Three Runs
Creek served as the control and diluent. All concentrations are
expressed as nominal concentrations of dissolved uranium.

8 - 15 July 1989.

Ho: The proportior of C. dubia survival in the control group is
the same as that of C. dubia exposed to each of eight ~oncen-
trations of hydrogen uranyl phosphate.

H_: 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.

o Critical b significant%y
Comparisun value value Different = '
Control vs. 0.0002 15 19 N
Cuntrol vs. 0.0006 15 19 N
Control vs. 0.062 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

P = 0.05.



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 C. 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 f.il'msphate or an aberrant response. However, based on
strict interpretat;.ion 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 1is atypical, then the
nominal NOEC' equaled 0.002 mg/L dissolved uranium and the

nominal LOEC equaled 0.006 ng/L dissolved uranium (Table 13-



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 Ceriodaphnia dubkia
exposed to hydrogen uranyl phosphate. 1In 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 X2 = 0.678
X 2 critical value (g,01,4) = 13.277
The data are normally distributed.
Bartlett's test:

calculated B = 18.40

X2 critical value g g3 (7, 18.62] = 18.48

The variances are homogeneous.




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




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: Hc = upa

Ha: uc # pa

. - ' '

Comparison (Xc - Xa) SE g P d'y.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
Nominal LOEC

0.002 mg/L dissolved uranium
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
n=20 _
MSDn=19 = 4.6
cQontrol 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 €. 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.




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 0.006 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.



*SUOIINIOS 1S33 Ul WNIUBJN PIA]OSSIP JO UOLIBIIUITUOD |RULWOL Yl U0 PIseq AJ3A0I3J JUIIJIddg

*$UO|3IVJIUIIUOI UNIUBIN PIAIOSSIP paJnseaw jo a6usd Y JUISAIdas sasayiuased UL SaN|UA,

(1/8w 0L°0 - 60°0 = SIIW}) IIUIPIJUOD XS6) (/6w €1°0 - L1°0 = S3IWL] IIUIPLIUOI X56)
WNjUBIN PIA10SSIP 178w 0L°0 = 0SIT Y 89 PINSEIM unjueJn PaA10ssip 1/6u 2170 = 0§31 Y 8% 18ULWON

%L°08 =2 AJ3A0I3Y X

USIY puedy

0°06 0°oot 0°08 (L1°0-04°0) ot°0 (80°0-80°0) 80°0 oL°o

6°9L 6°9. 6°94 (11°0-60°0) 0OL°0 (0L"0-60°0) OL°0 t£L°0

67 8°89 0°SL (%1°0-80°0) LI°0 2L°0-11°0) 2L°0 9L°0

0°02 0°08 0°09 (61°0-21°0) 9L°0 (y1L°0-01L°0) ¢L°0 02°0

0°l8 0°48 0°Z8 (S2°0-9L°0) 0270 (12°0-02°0) 02°0 . £2°0

9°98 9°%8 9°Y8 (52°0-02°0) 22°0 (L2°0-8L°0) 22°0 92°0

y WEYX) ; \ (N PeA10SsS1p /6wy

X UGN 0g unr 62 unp og unp e unt | SU0}38J3UIDU0D
18U WON

3iva Jiva
nx._u>oou¢ % gSUOL1BIIUIDUOY paInSeIN

*686L UNr 0F - §2 “d3eydsoyd jAuedn UIBOJIPAN yIiM Pa3anpuo) swsiueSlo
Pajun Yitm 3s3] A1101X0) 3INJY Ue UL PISN SUOLIN|OS UL WNLUBJIN PIAYOSSEIJ JO AJA0I3Y JUIIJAd °Z-€ 21G8)

3-12



*UOIINIOS 3§33 IYY UL UNJUBIN PIAJOSSIP JO UOJIRJIIUIU0I JUIWOU Y3 UO Paseq AJIAOIIJ IUIIIdAdg

*$U0138JIUITUOD ENJUBIN PIATOSSIP Painseau jo 3Bues ay3 juasaudals sasaylualed UL SINIBAp

unjuBJn PaA1ossip 1/Bw §2°0 < = 0SI1 Y BY PaJnsean unueJn PIAI0SSIP 1/B6 92°0 < = 0531 Y BY BUjWON

0°001 27204 £°26 (62°0-82°0) 82°0 (62°0-22°0) 72°0 92°0
Y WETCEEY] (OWESEEERIED)
% uean zLnt (A ]y r{ 9 L tanr Uo318J3Uaduo)
\ 1BUjWON
31va EIT i
n>..a>ouu¢ b 4 gSUO138JJUII0) PIINSBIN

~"6s6L Anr €L - LL -93eydsoyd jAuRdn UIBOJPAN Y3iM PIIdNpUO) swsiueBig
p34 yYain 189} A313)x0] IINJY ue Ui pasn SUO1IN10S U} WNlueJn PAAY0SSLQ JO AJaA022y UIIIA4 °B-§ d1Q8)

3-13



*SUO}38J3UITUCD UNJUBIN PIA|OSS|P PIINSEIE JO abues juasadas sasayiueded Ul saNIEA

<
-
1
™
(12°0-21°0) (91°0-91°0) (12°0-81°0) (22°0-91°0) (02°0-L1°0) (91°0-21°0)

61°0 91°0 02°0 6170 8L°0 91°0 (£2°0-81°0) 02°0 02°0

(8L°0-11°0) %10 21°0

(50°0-%0°0) %070 90°0

(£0°0-£0°0) €070 20°0

(900°0-%00°0)900°0 900°0

(200°0-100°0)200°0 200°0

200°0 > 9000°0

200°0 > 2000°0 .
200°0 > 10J3U0D
_ TR PIA10SSIP 1/60)
91 00 €L ne 2L e 1L ane oL nr 6\t gnr | U0}19J3UaIN0T
1eu lwoN
3Iv4
hwo_un._ucuucou pIJNSEIN
6861 AInP 6L - 8 -938ydsoyd jAuesn UIBOIPAH
YalM P31INPUo) 1S3} A3121¥0] I1UOJY) B Ul PIsn SuolINjo§ U} uNjueRIn PaA10SSIQ@ Jo) AJDA0I3Y QU4 "6-f I1QEL



*SUO1INIOS 3S31 Y3 UL UOLIBJIUIIUOD ENLURIN PIATOSSIP Jeulwou 3yl Uo pIsEq AJ9A0D3) UIII3dg

fl P3AYOSSIp 1/BW 2000°0 = 2%6°0 ¥ 2000°0 = 3301 n paAjossip 1/6w 2000°0 = 3307
1l peAjossip 1/6w 2000°0 > = 2%6°0 X 2000°C> = J30N N paAj0osSIp 1/6w 2000°0> = J3ON
uPIJINSBIHY 18U LWON

TSNOTLY N3V JAILVA¥3SNOD

N PoAOSSIp /6w 900°0 = 2%6°0 X 900°0 = 3301 n paajossip 1/8w 900°0 = J307
i PIAOSSIP 1/6W 200°0 = 2%6°0 X 200°0 = J30N n paajossip 1/6w 200°0 = J30N
wPIINSEINy 19U LWON

%2 96 = AJIA0I3Y X UBIH puesd

0°06 0°56 0°08 0°00! 0°56 0°06 0°0L 0°001 02°0

2°911 210
YA 90°0
0°0st 20°0
Ly 900°0
0-o0L 200°0
~9000°0
200070
.--- —ee- 10J3U02

(N peA1ossIp 755)

AJ9A023¥ X 1 0r gL e et e e oL 6 1nr gr Uo§38J3UIIU0Y
ugIn 18U LWON
31va
a»._u>ouo¢ %

‘6861 AINF L - § -dleydsoyd 1Auedn uabouphl uo
pajonpuo) 1531 A3}91X0L jUOJYJ ® UL PISN SUOLIN|OS UL UNLUBIN PIAIOSSED 4O} AJoA039Y UIIJad  *(°JU0d) 6-€ 21q8L

3-15



Concentrations of dissolved uranium measured in the test
solutions used in the static renewal acute toxicity tests are
summarized in Tables 3-10 and 3-11. 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 organismé 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
dissolvea uranium in the highest test concentration equaled

90.0% (Table 3-12).



4.0 DISCUSSION

L]

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 LC50 = 0.11 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 um filter)

A 48 h LC50 could not be calculated for the acute
toxicity test to which food was added. The results
demonstrated the nominal LC50 was greater than the
concentration 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 wuranyl 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 ;Aronic 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).



5.0 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 1

Composition of Bold's ‘Modified Media



~

Appendix 1.

Composition of Modified Bold's Mediad

L4

Major Components

Na
K
Ca
Mg
NO3
POy
Cl
S04

Minor Components

H3BOj

EDTA

Fe (II)
Zn (II)
Mn (II)
cu (II)
Mo (VI)
Co (II)

Vitamins

Thiamine Hydrochloride
D-Pantothenic Acid, Calcium
Biotin
Cyanoccbalamin (Bj13)

aAarthur 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 Ceriodaphnia

‘ 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 the control and diluent. 29 June

1989.
Concen~- Dissolved Temper~ Alka- Conduc-
tratiog oxygen aSure linity pH Hardness tivity
(ma/L) (ma/L) (°C) gmg_CacoazL) (mg Cac031L) (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 Ceriodaphnia 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-

tratiog oxygen agure pH tivity

(mg/L)~ (ma/L) {°C) (mS/cm)

Control 6.98 24.3 5.70 0.015

0.10 6.97 24.2. 5.80 0.030
0.13 6.89 24.2 5.90 0.025
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-
tratiog oxygen agure linity PH Hardness tivity
(mg/L)*=__ (mg/L) _(¢) (mg caCO,/L) Aimg_gggg3LLL__ig§Lgml
Control 6.60 24.1 2.0 5.80 3.0 0.015
0.10 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 0.015
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 Ceriodaphnia 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-~- Dissolved Temper- Conduc-

tratiog oxygen agure pH tivity

(mg/L)~ (mg/L) (C) (mS/cm)

Control 6.87 24.1 6.40 0.015
0.10 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 .
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:served as the control and diluent. 11 July

1989.

Concen-  Dissolved Temper- Alka- Conduc- *
tr.atiog Ooxygen- ature linity pH Hardness tivity
{mg/L)= _ (mg/L) ("C) (mg CacCO./L) (mg _CacCo,/L) (mS/cm) -
Control 7.90 24.0 1.0 6.05 4.0 0.015
0.10 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.Q15
0.23 7.92 24.7 . 6.00 0.015
‘ 0.26 7.95 24.6 <0.05 6.05 2.0 0.015

amg/L dissolved uranium (nominal concentrations).



Table 6. Basic water chemistry for a 48 h Ceriodaphnia dubia
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-
tratiog Oxygen agure pH ivity
(mg/L)~= (mg/L) ("C) (mS/cm)
Control 7.58 24.0 6.10 0.015
0.10 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). .



Table 7. 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 - fed during. the. test. . Work was
performed for Westinghouse Savannah River Conpany, .
Aiken, SC. Upper Three Runs'Creek water served as: the
control and diluent. 12 July 1989.

Concen- Dissolved Temper- Alka- Conduc-

tratiog Oxygen aSure - linity pH Hardness tivity

(mg/L)=_ (mg/L) {(C) {(mg CaCOB/L) ,ng_gggQ3LLL__Lm§Lgml.

Control 7.78 24.0 1.0 5.95 4.0 0.015

0.10 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 0.015
0.23 7.59 24.4 6.00 0.020
0.26 7.85 24.0 1.0 6.00 2.0 0.020

a . . . .
mg/L dissolved uranium (nominal concentrations).



Table 8. Basic water chemistry for a 48 h Ceriodaphnia 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-~
tratiog oxygen agure pH tivity
(mg/L)~ (mg/L) (¢ (mS/cm)
Control 7.55 24.6 6.00 0.015
0.10 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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I. INTRODUCTION
Acute and chronic toxicity tests were conducted August 17 - 19, 1989
and September 2 - 9, 1989, respectively, for the Savannah River Site

v

to assess the acute and chronic toxicity of the hydrogen uranyl

phosphate to Ceriodaphnia 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 a-
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).
Only one batch of water was used for the acute and chronic testing'
because of the appearance of sporatic tokicity in the Upper Three Runs
Creek water collected at that location. (Ceriodaphnia 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 SHEALY 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. .

B. Range-Finding Tests

Rangé-finding tests were conducted August 3 - 5 and August 15 - 22,
1989, with concentrations ranging from 0.0i2 to 0.3 ppm uranium

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

the definitive acute and chroni- toxicity: tests.

C. Acute Toxicity Test

Test methods confocrmed 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: 0.10, 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 tests 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~;ﬁd prese;ved monthly. Standard toxicant tests with the
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

{Central Tendency = 0.138 ppm, Upper Limit = 0.25, Lower Limit = o,os‘l.
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Table 2: Summary of test conditions for the acute toxicity
bioassay with Ceriodaphnia dubia
1. Temperature: 25 + 1° ,
2. Light Intensity: Ambient laboratory levels
3. Photoperiod: 15 h light/8 h dark
4. Size of test vessel: 100 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
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 site Road 2-1.

13. Test duration: 48 hours (Static,
nonrenewal)

14. Efféct 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 Ceriodaphnia agpig 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 105°c. This compound was sent
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.

pissolved oxygden, water temperature, pH, conductivity, total
alkalinity and 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 50 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.

D. Chronic Toxicity Bioassay

Test methods conformed to those described in USEPA (1989; see Tabie
3). The 7-day chronic toxicity bioassay was performed September 2 -
9, 1989, as six treatments exposing 10 test organisms each. The firs‘
treatment was the control (100% filtered Upper Three Runs Creek
Water). The uranium solutions were 0.020, 0.035, 0.050, 0.065, and
0.080 ppm uranium. test solutions were prepared from the stock
uranium daily by dor the dilution water with the appropriate
aliquot using Class A volumetric pipets.

Dissolved oxygen, water temperature, pH, and conductivity measurements
were made daily in conjunction with the test. Temperature was

maintained at 250C + 1loC in all test chambers during the test.

The test organisms were exvosed 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

biocassays with Cerjodaphnja dubja conducted
September 2 - 9, 1989.

5.

6.

10.

11.

12.

- 13.

14.

15.

Temperature:
Light intensity:
Photoperiod:

Size of test vessel:

Volume of test solution:

Age of test organisms:

No. animals per
test vessel:

No. replicate test
vessels per
concentration:

Total no. organisms
per concentration:

Feeding regime:

Aeration:

Dilution water:

Test duration:

Effect measured:

Test acceptability:

25% % 1°c
Ambient laboratory levels
16 h light/8 h dark

1 ounce SOLO plastic
disposable cups

15 ml

2-24 hour neonates and ali
released within the same
eight hour period

10

10

Selenastrum capricornutum at
the rate of 500,000 cells per

ml test solution per day
None’

Upper Three Runs Creek Water
collected at the Savannah River
Site Road 2-1; Filtered through
plankton net.

7 days

Mortality - no movement of
appendages on gentle prodding
and number of offspring
produced.

80% or greater control survival
and an average of 15 or more
young/surviving female



accomplished using an eye dropper where the organism was never remove.

from solution.

Test chambers were examined every 24 hours for immobile Ceriodaphnia
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 a new cup 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
Selenastrum capricornutum at a rate of approximately 500,000 cells per
ml. per day in each solution. Selenastrum cultures were obtained from
Carolina Biological Supply Company and cultured in natural spring
water and Alga-Gro media in 1-liter 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 tfays was established based
on random number tables.

III. RESULTS

A. Acute Toxicity Bioassay

The results of the 48~hour acute toxicity biocassay are given in Table
4. Mortality occurred in the 0.15 (30% mortality), 0.20 (55%
mortality), ©.25 (70% mortality), and 0.30 (100% mortality) ppm

uranium solutions.



. Table 4: 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 Ceriodaphnia

dubja. 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 o 0
Control 0%
0 0
Uranium (ppm)
A o (o}
0.10 0%
B o 0
A 0 2 '
0.15 . 30%
B 0 4
© A 0 :
0.20 55%
B 0 7
A 2 8 .
0.25 70%
B 4 6
A 3 10
0.30 100%
B 5 10

el



10

No mortality occurred in the 0.10 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 LCS50 of 0.19 ppm uranium with 95%

confidence limits of 0.17 and 0.21 ppm uranium.

Water chemistry data taken in conjunction with the acute bioassay are
given in Table S. All parameters monitored were within acceptable

limits for bioassay purposes.

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), 0.020 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.
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TABLE 6: REPRODUCTION/MORTALITY DATA FOR THE CHRONIC TOXICITY TEST FOR
HYDROGEN URANYL PHOSPHATE (Tested 09/02 - 09/09/89)
L=Live (CONCENTRATIONS IN 1ERMS OF PPM OF URANIUM)
D=Dead

Conc. Day “A B c D E F G H I J .

o 1 I 0 0 0 0 0_ (o] 0 ) o 0o _-;-
-_;-- —-;- _-;- --;- ) 0 O- 0- 0 0o -b;_ -—;-

T3l 4| 0| o o) of 3| of of of o

Control e [ Bttt Rt etetddl Rt ltd bl Bt Dl Bttt B Kttt Rt

4 5 2 0 4 0 0 0 0 2 2

s || 0| 5| 2| 5| sioo| 7| 2| 3| s

e || 20| 5| 6] a|-| 2| 3| 8|10

T e 4| 6| 7 - |10 o] 6| o

Totan|| 21 | 21 | 23 | 21 | 16 | 3 | 19 | 14 | 18 | 17
avzz||z |z |z |L |& |p |L |z | |5

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

T Y T o 0] 0| 0| o] o o] of of o
2 | o o] of of of | o| o of o

0.020 ppm| 3 || 0| o[p/0| of of o] o] o| o o
Uranium |[===-- el B LDl Bl e el L D Bl Ielbctnd bl Betelaledl Kt iade
4 7 |D/4- - 3 6 0 3 0 0 10

s || o|- |- | s of 3| o0 6 2

e || s |- |- | o 8| a| 4| of o &

T - |- (10| 3]0 o] a] | o

TotaL|| 26 | 4 | o0 | 22 | 17 | 17 | 16 | 14 | 12 | 16

aor|| L |D |D |L |D |L |L |L |L (L
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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)

D=Dead
‘ conc. Day A B o D E F G H I J

1 0 0 0 0 0 0 0 0 0 0

2 0 0 0 o 0 0 o 0 0 0
Uranium 3 0 0 0 0 0 0 0 o 0 0

4 5 3 0 0 0 0 0 |D/3 7 6

5 0 4 2 5 4 2 0 - 3 0

- | wariamw | maremen | mmme | oo | moees | cemea | e | oo o e

6 10 4 4 0 4 3 0 - 0 o

7 3 3 10 4 10 10 5 - 8 11 -
TOTAL 18 14 16 9 18 15 5 3 18 17
ADULT L L L L L L L D L L

1l 0 0 0 0 0 0 0 0 0 o)

0.050 ppm e _——
Uranium 3 0 4 0 3 2 0 0 3 0 0

4 2 3 0 3 3 |D/6 0 0 5 1l

5 2 . 0 4 3 4 - 3 3 0 |D/5

PR R i s B Bl R I B I
T oo | e 7| s|- | 6|10 5|
rornL|| 20 | 18 | 11 {20 |15 | & |12 |21 |16 | &
aor||z | o |2 |% |z |D % |T L |D
._ -




TABLE 6:

HYDROGEN URANYL PHOSPHATE (Tested 09/02 - 09/09/89) CONTINUED

I=Live
D=Dead
Conc.

0.065 ppm
Uranium

0.080 ppm
Uranium

14

REPRODUCTION/MORTALITY DATA FOR THE CHRONIC TOXICITY TEST FOR

(CONCENTRATIONS IN TERMS OF PPM OF URANIUM)

B

D

E

o

0

0

D/0

-—— - - -

0

0

0

5

0

2

2

9

L

Q

0

0

4

4

D/3

I

"0

D/0

b/0

0

0

J

0

0

0

0

6
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’ Average reproduction in the uranium solutions was as follows:

Offspring
Per % ’
Female Mortality
Control = 17.4 10
0.020 ppm U = 14.4 20
0.035 ppm U = 13.3 10
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

55.76) and with homogeneous

(Chi-Square = 8.14, critical value
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,
was 0.057 uranium. Acute toxicity was observed at the 0.080 ppm

uranium concentration.

Water chemistry data taken in conjunction with the chronic toxicity
test are given in Table 7. All parameters monitored were within

acceptable limits for bicassay purposes.
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TABLE 7: WATER CHEMISTRY DATA FOR THE CHRONIC TOXICITY TEST FOR WYDROGEM URANYL PHQSPHATE
(TESTED 09/02 - 09/09/89) 'CONTINUED
| DAY 1 | DAY 2 | DAY 3 | DAY 4 | DAY S | DAY 6 | DAY 7 ||
Conc. | Parameter ||Init.| old [renew| old |renew| old |renew| old |renew| old [renew| oid |renew| old [renew||

| i ! ! ! L bl I I ! | i Lol [rmmas}]

[0.0. (pem) [17.55 |7.80 |7.90 |7.70 [7.70 |7.70 |7.80 |7.40 ]8.10 |7.80 |8.00 ]8.00 |B.15 |7.80 ] ||
| e St ] B e L B ] B B e ) e R
Uranium |pH (SU) I16.80 |  .]6.73 |  |6.55 ]  |6.36|  [6.20 ] |61t | . [685] | |

|esmennnenes LB B e e e e B B e e B e B B B ]

| DAY 1| DAY2 |  DAY3 | DAY 4 | DAYS | OAY 6 | DAY 7 ||
Conc. | Parameter [1init.] old |renew| old [renew| old [renew| old |renew| old |renew| old |renew| old |renew|]

! I I [sans|zsxaa] |z=ans] | I I ! ] ja=x=a]]

[0.0. ¢ppm) [17.60 7.90 |8.10 |7.60 |7.90 |7.70 |7.95 |7.60 |8.20 |7.70 |8.00 |8.05 |8.10 [7.90 | ||
0.065 ppm|-=s=s=neenseucs e B ] e ] R B ] B B e e L R |
Uranium [pH (SU) [16.76 |  |6.70 |  |6.57 | 638 |  |6.18| |6 | je00 | | |l
|-neremnmmmenen- B B B e ] e B B e e e B L S |

| DAY 1 | DAY 2 | DAY 3 | DAY & | DAY 5 | DAY 6 | DAY 7 ||
Conc, | Parameter [[Init.| old |renew| old |renew| old |renew| old |renew| old |renew| old |renew| old |renew|]

==suz=z| | | | | | | I ! | I | | | I | I
0.0. ¢ppm) [17.70 |7.80 |8.20 |7.70 [7.90 |7.70 |8.00 |7.50 |8.30 |7.80 |8.10 |8.00 |8.20 {7.90 | |
e L e L B e e Bt R B e e e R R 1
IpH (SU) 11657 |  16.61 ] 1656 |  |6.40 | 1617 |  6.19 |  |6.00 | 1

0.080 ppm|-+-s=nreneannees e R R R Joeses]eeee R |eeeefenees Rl R et Bt I

---------------------------------------------

1
----- I
I
----- I

-------------------------------------------------------

--------------------------------------------------
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TABLE 7: WATER CHEMISTRY DATA FOR THE CHROMIC TOXICITY TEST FOR HYDROGEN URANYL PHOSPHATE
(TESTED 09/02 - 09/09/89)

‘ | DAY 1 | DAY 2 | DAY 3 | DAY & | DAY 5| DAY 6 | DAY 7 ||
Conc. | Parameter [linit.| old |renew| old |renew| old |renew| old |renew| old |renew| old |renew| old jrenew||
| ] | | | | | | | | | | | | | | I

[0.0. (ppm) []7.50 |7.90 |8.00 [7.70 |7.60 [7.60 |7.70 |7.70 [8.00 |7.60 |8.10 {7.90 {8.20 |7.90 | I
|--ememmmenanenas R et e e B B B e e e B et B B 1

Control |pH (SU) [16.6% | [6.83 | 16.80 | |6.80 | 16.25 | 16.39 | j6.21 | I il
e L e e L I ot ] e B B B e e I

l
¢ 0% ) |Alk.CppmCaco3) |} 3.0 | | |
I
Lol
I
|
!

----------------------------------------

— — — — aan o——

| I I |
l l | I
I | | |
I | Rt fo=---
| | I |
| I I |

l ................ “ ..... I ..... | ..... l ..... l |

-------------------------------------------------------

Temperature was maintained at 25 C + 1 C during test.

-----------------------------------------------------------------------------------------------------------------------

| DAY 1 | DAY 2 | DAY 3 | DAY 4 | DAY S | DAY 6 | DAY 7 ||

Conc. | Parameter [|Init.| old jrenew| old |renew| old |renew| old |renew| old |renew| old |renew| old |renew||
. I H | ! I I | I I I I I | I I I [
|0.0. (ppm) ||7.60 |7.70 |8.00 |7.60 |7.60 [7.70 |7.70 |7.40 |8.10 |7.70 |7.90 [7.80 [8.20 |7.80 | I

0.020 ppm-=-sneesneneess e Ee B B P Bt L B e e e Bt e SRR el
Uranium |pH (SU) 116.47 | 16.81 | 16.33 | 16.32 | |6.27 | j6.31 | [6.19 | | I
|-=emeemnenenneas e R B B B B e e ] B e B e |

| DAY 1 | DAY 2 | DAY 3 | DAY 4 | DAY 5 | DAY 6 | DAY 7 |]

Conc. | Parameter ||1nit.| old |renew| old |renew| old |renew| old |renew| old |renew| old |renew| old |renew||

I " I | ! | l | ! | | I | | l I I

[0.0. (ppm) ||7.55 |7.80 |7.90 |7.70 |7.70 |7.70 |7.80 |7.40 |8.10 |7.80 |8.00 |8.00 |8.15 |7.80 | I

0.035 ppm| --=--==- | el L P P B e e e e B ] S L b M |
Uranium |pH (SU) [16-39 | j6.52 | 16.54 | 16.29 | 16.25 | 16.2¢ | 16.02 | i 1i
[remsennnensans e L e e B B e e R B B e et et e




APPFNDIX 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. cvi
1 = control 10 17.4000 5.7388 33.0
2 10 14.4000 7.6913 53.4
3 10 13.3000 5.6184 42.2
4 10 14.9000 5.7629 38.7
5% 10 10.8000 5.4528 50.5

#) the mean for this group is significantly less than
the control mean at alpha = 0.05 (l-sided) by Dunnett’s test

L}

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 CALCQLATING EC V.
Version 1.4

EPA PROBIT ANALYSIS PROGRAM
USED FOR CALCULATING EC VALUES
Version 1.4

HUP 8/17 Acute

Observed Adjusted Predicted
wumber Number Proportion Proportion Proportion
conc. Exposed Resp. Responding Responding Responding
0.1000 20 0 0.0000 0.0000 0.0175
0.1500 20 6 0.3000 0.3000 0.2188
0.2000 20 11 0.5500 0.5500 0.5673
0.2500 20 14 06.7000 0.7000 0.8167
0.3000 20 20 1.0000 1.0000 0.9335
chi - Square Heterogeneity = 4.396
Mu = -0.721352 .
Sigma = 0.132120
- Parameter Estimate std. Err. "~ g5% confidence Limits
Q:ercept 10.459810 0.910720 ( 8.674800, 12.244821)
ope 7.568853 1.279810 ( 5.060425, 10.077281)

Theoretical spontaneous Response Rate = 0.0000



HUP 8/17 Acute

Est ‘mated EC Values and Confidence Limits

Point

EC 1.00
EC 5.00
ECl0.00
ECl5.00
EC50.00
EC85.00
EC90.00
EC95.00
EC99.00

Canc.

0.0936
0.1152
0.1286
0.1386
0.1900
0.2604
0.2805
0.3133
0.3855

Lower Upper

95% Confidence Limits

0.0633 0.1149
0.0858 0.1351
0.1007 0.1475
0.1120 0.1568
0.1706 0.2091
0.2336 0.3100
0.2488 0.3442
0.2723 0.4031
0.3207 0.5453



HUP 8/17 Acute
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AnalytikKeEmM

Test Report No. A80084

METHODOLOGY
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. '

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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Test Report No. A80084

I.
(HUO,PO, .4H,0, MW=438 g/Mole) _
(Preparéd by Shealy Environmental Services, Inc.)
1. Mix uranyl nitrate and phosphoric acid at a 1 mole U to 1
mole PO, ratio.
2. Neutralize to pH 6-7 with NaOH.
3. Stir 15 minutes and filter through #40 Whatman Filter Paper.
4. Dry precipitate at 105°¢ overnight.
II.

1. 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. A80084

Stock Solution Verification

' Date Date
Solution Replicate

1 7/27/89 7/27/89

2 7/27/89  7/27/89

3 7/27/89 7/27/89

4 8/04/89 8/04/89

4 8/04/89 9/29/89

*This solution used in Bioassy Tests.

AnalytiKEmM

Prepared Analyzed Total Uranium (ppm)



Test Report No. A80084

Test Concentration Verification

> N
AnalytiiKEM

Serial Dilutions from the HUP Stock Solution were prepared for

analysis.
Theoretical Uranium Observed Uranium
Concentration (ppm) Concentration (ppm) Percent Recovery .
0.100 0.102 102
0.080 0.078 98
0.060 0.072 120 ,
0.060 0.050 _ 83
0.048 0.041 85 .
0.040 0.048 120
0.036 0.032 89
0.024 J2.024 100
0.018 0.018 100
0.008 0.009 113

Concentrations below 0.080ppm were concentrated prior to analysis by

Inductively Coupled Plasma (ICP).



AnalytiKEM

Test Report No. A80084
ITI. QUALITY CONTROL DATA

Sample Concentration Recovery
Eit ! Spiked £ Spi] Matrix Spil
Uranium UTR Water 0.12 . 92
Uranium UTR Water 0.16 96
Units (ppm) (%)
UTR = Water collected from Upper Three Runs Creek. Same water

used as dilution water in Bioassay Tests.









