
WSRC-TR-99-00122 

Results of Water and Sediment Toxicity Tests and Chemical 
Analyses Conducted at the Central Shops Burning Rubble Pit 
Waste Unit, January 1999 

by 

W. l. Specht 

Westinghouse Savannah River Company 
Savannah River Site 
Aiken, South Carolina 29808 

DOE Contract No. DE-AC09-89SR18035 

"'~~~OR~S ADMINISTRATION 

I IUIlII' III "I'! 11'1' IIUI 'III' IIUI IIUI 11'1 lUI 
R0125211 

This paper was prepared in connection with work done under the above contract number with the U. S. 
Department of Energy. By acceptance of this paper, the publisher and/or recipient acknowledges the U. S. 
Government's right to retain a nonexclusive, royalty-free license in and to any copyright covering this paper, 
along with the right to reproduce and to authorize others to reproduce all or part of the copyrighted paper. 



DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, 
product, or process disclosed, or represents that its use would not infringe privately owned 
rights. Reference herein to any specific commercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any agency thereof. The 
views and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 

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

Available to DOE and DOE contractors from the Office of Scientific and Technical Information, 
P. O. Box 62, Oak Ridge, TN 37831; prices available from (423) 576-8401. 

Available to the public from the National Technical Information Service, U. S. Department of 
Commerce, 5285 Port Royal Road, Springfield, VA 22161. 



TABLE OF CONTENTS 

Page 

EXECUTIVE SUMMARY 1 

1 1.0 

2.0 

3.0 
3.1 
3.1.1 
3.1.2 
3.2 
3.2.1 
3.2.2 
3.3 
3.3.1 
3.3.2 

4.0 
4.1 
4.1.1 
4.1.1.1 
4.1.1.2 
4.1.2 
4.1.3 
4.1.3.1 
4.1.3.2 
4.2 
4.2.1 
4.2.2 

5.0 

6.0 

INTRODUCTION 

SAMPLING LOCATIONS ..................................................... 2 

METHODS ........................................................................ 2 
Sample Collection ..................................... ;. ... ... ... ... ... ... ... ... 2 
Water ............................................................................... 2 
Sediment ........................................................................... 5 
Chemical Analyses .............................................................. 5 
Water ............................................................................... 5 
Sediment ........................................................................... 5 
Toxicity Testing ... ... ... ...... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... 6 
Water Toxicity Tests ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..... 6 
Sediment Toxicity Tests ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... .... 7 

RESULTS ........................................................................... 8 
Chemical Analyses ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... 8 
Water Chemistry .................................................................. 8 
Total Metals (Unfiltered) ... ... ... ... ... ...... ... ... ... ... ... ...... ... ... ... ..... 8 
Dissolved Metals .................................................................. 9 
Sediment Chemistry ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... .... 10 
Comparison to Toxicity Reference Values ....... ......... ...... ... ....... 11 
Surface Water ............ ... ... ... ... ... ...... ... ... ... ... ... ... ... ... ... ... ..... 11 
Sediment ... ............ ...... ...... ... ... ... ... ...... ...... ............... ... ...... 12 
Toxicity Tests ................ .. . .. ... ... ... .. . ... ... ... ... ... ... ... ... ... ... ... ... . 13 
Water Toxicity Tests ............................................................. 13 
Sediment Toxicity Tests ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..... 13 

CONCLUSIONS .................................................................. 15 

REFERENCES ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... .... 16 

Appendix Tables 

Appendix 1 
Appendix 2 
Appendix 3 

Water Toxicity Test Reports 
Sediment Toxicity Test Reports 
Results of Statistical Analyses for Sediment Toxicity Tests, 
Using SRS Background Sediment as the Control 



Table 1 

Table 2 

Table 3 

Table 4 

Table 5 

Table 6 

Table 7 

Table 8 

Table 9 

Table 10 

Table 11 

Figure 1 

Figure 2 

Figure 3 

List of Tables 

Analytical Methods and Method Detection Limits for CSBRP 
Water Samples ................................................................. . 

Analytical Methods and Method Detection Limits for Sediment 
Samples ......................................................................... . 

Test Conditions for Conducting a 7-day Definitive Water Toxicity 
Test with Ceriodaphnia dubia ............................................. . 

Test Conditions for Conducting a 10-day Sediment Toxicity Test 
with Hyatella azteca, following U.S. EPA Testing Protocol ....... . 

Results of Chemical Analyses of Unfiltered Water Samples 
Collected Near the CSBRP, January 1999 ............................ . 

Results of Chemical Analyses of Filtered Water Samples 
Collected Near the CSBRP, January 1999. . ........................... . 

Results of Chemical Analyses of Sediment Samples Collected 
Near the CSBRP, January 1999. . ........................................ . 

Comparison of CSBRP Water and Sediment Chemistry Data 
(January 1999) to TRVs ....................... , .................. '" ....... . 

Results of Toxicity Tests Conducted on Water Samples from 4 
Locations Near the Central Shops Buming Rubble Pit Waste Unit 
and an Unimpacted Reference Location, January, 1999 ........... . 

Results of Toxicity Tests Conducted on Sediment Samples from 4 
Locations Near the Central Shops Buming Rubble Pit Waste Unit 
and an Unimpacted Reference Location, January, 1999 ........... . 

A Comparison of the Results of CSBRP Sediment Toxicity Tests 
to the Results from the Background Reference Sediment Toxicity 
Test ............................................................................... . 

List of Figures 

Sampling Locations at the Central Shops Buming Rubble Pit 

Location of Central Shops Buming Rubble Pit and Castor Bay .... 

Results of Toxicity Tests on Water Samples Collected Near the 
CSBRP, January 1999. . ........... '" ........................... '" ......... . 

ii 

Page 

5 

6 

6 

7 

8 

9 

11 

12 

13 

15 

15 

Page 

3 

4 

14 



EXECUTIVE SUMMARY 

The Central Shops Burning Rubble Pit Operable Unit consists of two inactive rubble pits 
(631-1G and 631-3G) that have been capped, and one active burning rubble pit 
(631-2G), where wooden pallets and other non-hazardous debris are periodically 
burned. The inactive rubble pits may have received hazardous materials, such as 
asbestos, batteries, and paint cans, as well as non-hazardous materials, such as ash, 
paper, and glass. 

In an effort to determine if long term surface water flows of potentially contaminated 
water from the 631-1G, 631-3G, and 631-2G areas have resulted in an accumulation of 
chemical constituents at toxic levels in the vicinity of the settling basin and wetlands 
area, chemical analyses for Significant ecological preliminary constituents of concern 
(pCOCs) were performed on aqueous and sediment samples. In addition, aquatic and 
sediment toxicity tests were performed in accordance with U.S. EPA methods (U.S. EPA 
1989, 1994). 

Based on the results of the chemical analyses, unfiltered water samples collected frorn a 
wetland and settling basins located adjacent to the CSBRP Operable Unit exceed 
Toxicity Reference Values (TRVs) for aluminum, barium, chromium, copper, iron, lead, 
and vanadium at one or more of the four locations that were sampled. The water 
contained very high concentrations of clay particles that were present as suspended 
solids. A substantial portion of the metals were present as filterable particulates, bound 
to the clay particles, and were therefore not biologically available. Based on diSSOlved 
metal concentrations, the wetland and settling basin exceeded TRVs for aluminum and 
barium. However, the background reference location also exceeded the TRV for barium, 
which suggests that this value may be too low, based on local geochemistry. The 
detection limits for both total and dissolved rnercury were higher than the TRV, so it was 
not possible to determine if the TRV for rnercury was exceeded. Dissolved rnetallevels 
of chromium, copper, iron, lead and vanadium were below the TRVs. Metal 
concentrations in the sediment exceeded the TRVs for arsenic, chromium, copper, and 
mercury but not for antimony and lead. 

The results of the water toxicity tests indicated no evidence of acute toxicity in any of the 
samples. The results of the chronic toxicity tests indicated possible reproductive 
impairment at two locations. However, the results appear to be anomalous, since the 
toxicity was unrelated to concentration, and because the concentrations of pCOCs were 
similar in the toxic and the non-toxic samples. The results of the sediment toxicity tests 
indicated significant mortality in all but one sample, including the background reference 
sediment. When the results of the CSBRP sediment toxicity tests were statistically 
compared to the result from the background reference sediment, there was no significant 
mortality. These results suggest that the surface water and sediment at the CSBRP 
Operable Unit are not toxic to the biota that inhabit the wetland and the settling basin. 

1.0 INTRODUCTION 

The Central Shops Burning Rubble Pit (CSBRP) Operable Unit (OU) is comprised of two 
inactive burning rubble pits: Pits 631-1G and 631-3G. Each pit may have received 
hazardous materials (e.g., asbestos, batteries and paint cans) along with non-hazardous 
materials (e.g., ash, paper, and glass) at various times from the 1950s to the 1980s. 
Waste possibly was burned periodically at Pit 631-1G. When burning activities ceased, 
waste material were disposed in the pits. When a pit reached capacity, it was capped 
with varying thicknesses of soil and abandoned. Pits 631-1G and 631-3G are located 

1 



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

along the northern and western sides of a single clearing that also contains the active 
burning area (631-2G). The inactive pits (631-1G and 631-3G) are covered by tall 
grasses and weeds. The active burning area is unvegetated. 

A settling basin and wetlands area are dominated by cattail (Typha spp.) and bulrush 
(Scirpus spp.) with scattered trees, including sycamore (Plantus occidentalis), wax 
myrtle (Myrica cerga), and black willow (Salix nigra). The settling basin has not been 
maintained adequately, allowing for invasion of wetland vegetation. Water levels 
fluctuate seasonally, or more often, depending on rainfall. The settling basin and the 
wetlands area drain into an unnamed, intermittent stream, which is also fed in part by 
stormwater runoff outfalls from Central Shops. Figure 1 identifies pits 631-1G and 631-
3G, active burn area 631-2G, the settling basin, and the wetlands area. 

In an effort to determine if long term surface water flows of potentially contaminated 
water from the 631-1G, 631-3G, and 631-2G areas have resulted in an accumulation of 
chemical constituents at toxic levels in the vicinity of the settling basin and wetlands 
area, chemical analyses for Significant ecological preliminary constituents of concern 
(peOCs) were performed on aqueous and sediment samples. In addition, aquatic and 
sediment toxicity tests were performed in accordance with U.S. EPA methods (U.S. EPA 
1989, 1994). 

The Significant ecological peocs identified in the RFIIRI with BRA for the Central Shops 
Buming/Rubble Pits (631-1G and 631-3G) (U) (WSRC 1998) for the ponded area 
surface water include aluminum, barium, chromium, copper, iron, lead, mercury, and 
vanadium. The significant peocs for the sediments include antimony, arsenic, 
chromium, copper, mercury, and lead. 

2.0 SAMPLING LOCATIONS 

Water and sediment samples were collected from locations that were sampled during 
the RI/BRA characterization study (WSRC, 1998), including three locations in the settling 
basin, and one location in wetlands area (Figure 1). In addition, reference samples 
were collected from Castor Bay (Carolina Bay #127) which is an unimpacted Carolina 
Bay, located approximately 2 km southeast of the CSBRP (Figure 2). 

3.0 METHODS 

3.1 Sample Collection 

All water and sediment samples collected for chemical analyses were collected on 
January 11, 1999. EPA aquatic toxicity testing methods requires that three samples be 
collected for a 7 -day test. The samples for aquatic toxicity testing were collected on 
January 11, 13, and 15. EPA sediment toxicity testing methods require that one sample 
be collected for the 10-day test These samples were collected on January 11,1999. 

3.1.1 Water 

At all locations except CSBRP-45, water samples were collected by immersing approved 
sample bottles into the water to be sampled. At location CSBRP-45 the water was very 
shallow «2 em). Two pits, each approximately 20 em deep were dug and allowed to fill 
and overflow for >24 hours. Samples were collected from the pits by dipping a clean 
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Figure 2. Location of Central Shops Burning Rubble Pit and Castor Bay 
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nalgene beaker into the water and pouring the water into the sample bottles. All water 
samples were placed in coolers, iced, and transported to a certified laboratory for testing 
and analysis. 

3.1.2 Sediment 

Sediment samples were collected with a garden spade. To prevent the metal of the 
shovel blade from contacting the sediment, the entire blade of the shovel was covered 
with a polyethylene bag, and the top of the bag was secured with tape to the handle of 
the shovel. A new bag was used for each sampling location. The shovel blade was 
pushed into the sediment to its full depth and slowly brought to the surface of the 
overlying water. The sediment on the shovel blade was then scooped or poured into a 
polyethylene sample container. Samples were placed in a cooler, iced, and transported 
to a certified laboratory for testing and analysis. 

3.2 Chemical Analyses 

3.2.1 Water 

Chemical analyses of the water samples were conducted by a certified laboratory 
(General Engineering Laboratory, Charleston, SC SCDHEC Certification # 10120; GEL 
Mobile Lab Certification # 02012001) using the methods specified in Table 1. 

Table 1. Analytical Methods and Minimum Detection Limits for Water Samples 

Analyte Digestion Method Analytical Method 
SSMDL** 

Aluminum EPA300SA EPA6020 9.23 fl91l 
Barium EPA300SA EPA6020 0.386 fl91l 
Hexavalent chromium N* EPA7196 6 flg/l 
Chromium EPA300SA EPA6020 0.S98 fl91l 
Copper EPA300SA EPA6020 0.254 fl91l 
Iron EPA300SA EPA6020 14 flg/l 
Mercury (off-site lab) N* EPA7470 0.03S fl91l 
Mercury (on-site lab) N* EPA7470 0.1 fl91l 
Lead EPA300SA EPA6020 0.311 )lgll 
Vanadium EPA300SA EPA6020 2.94 fl91l 

"'N -none 
- Sample Specific Method Detection Um~ 

The water in the settling basin was very turbid at the time of sampling. In order to 
differentiate between metals that were present as particulates (bound to soil particles) 
and dissolved, analyses were performed on unfiltered water samples and water samples 
that were filtered through a O.4S )l filter. Results for the metal analyses are reported as 
total (unfiltered) and dissolved (filtered). In interpreting the results, if a result was less 
than the detection limit, SO% of the sample specific method detection limit (ssmdl) was 
reported. 

3.2.2 Sediment 
Chemical analyses of the sediment samples were conducted by a certified laboratory 
(General Engineering Laboratory, Charleston, SC SCDHEC Certification # 10120; GEL 
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Mobile Lab Certification # 02012001) using the methods specified in Table 2. In 
interpreting the results, if a result was less than the detection limit, 50% of the sample 
specific method detection limit (ssmdl) was reported. 

Table 2. Analytical Methods and Minimum Detection Limits for Sediment Samples 

Anaiyte Digestion Method Analytical Method· SSMDL** 
Antimony EPA3050B EPA6020 9.86 to 2335.7 l1g/kg 
Arsenic EPA3050B EPA6020 81.4 to 665 Ug/l<g 
Hexavalent EPA3060A EPA7196A 8 to 182 I1g/l<g 
chromium 
Chromium EPA3050B EPA6020 100.8 to 825 ug/l<g 
Copper EPA3050B EPA6020 72.35 to 59111g/kg 
Mercury N* EPA7471A 2.53 to 6.36 ug/kg 
Lead EPA3050B EPA6020 55.1 to 451 Ug/l<g 
·N - None 
*·Sample Specific Method Detection Um~. The SSMDL for sediment samples Is related 10 sample mass 
and concentration, and therefore varies among samples 

3.3 Toxicity Testing 

3.3.1 Water Toxicity Tests 

Chronic (7 -day) definitive toxicity tests were conducted on the water samples using 
Ceriodaphnia dubia as the test species. All tests were performed by a certified laboratory 
(ETT Environmental, Greenville, SC, SCDHEC Certification # 23104001) in strict 
accordance with U.S. EPA methods (Weber et aI., 1989). Test conditions are 
summarized in Table 3. 

Table 3. Test Conditions for Conducting a 7-day Definitive Water 
Toxicity Test with Ceriodaphnla dubia 

Parameter 
Te&ltype 

Temperature 

Ugh! quality 

Ugh! Intensity 

Photoperiod 

Test chamber size 

Test solution volume 

Renewal of test water 

Age of test organisms 

# neonatesltest chamber 

# Neonates/concentration 

Feeding regime 

Aeration 

Dilution water 

Number of dilu1lons 

Conditions 
Static renewal 

25± 1°C 

Ambient laboratory illumination 

50 • 100 foot candles 

16L:8D 

30ml 

15ml 

Daily 

Less than 24 h at start of lest; all released within a 12 h period 

1 

10 

0.1 ml YCT and algal suspensionlte&l chamber/day 

None 

Dilu1ed mineraI water 

5 and • control 
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3.3.2 Sediment Toxicity Tests 

10-day survival toxicity tests were conducted on the sediment samples using the 
amphipod, Hya/ella azteca as the test species. All tests were performed by a laboratory 
certified to perform biological testing (ETT Environmental, Greenville, SC; SCDHEC 
Certification #23104001); however, SCDHEC currenUy has no recommended protocols 
for sediment toxicity tests. The testing was performed following EPA Test Method 100.1, 
Hyalella azteca 10-d Survival Test for Sediments (U.S. EPA, 1994). Test conditions are 
summarized in Table 4. The reference sediment used for the toxicity tests was collected 
from Resurrection Creek, Greenville County, SC. ETT Environmental routinely uses 
sediment from this location as a control sediment and has demonstrated that it 
consistently meets the survival criterion for a control sediment 

Table 4. Test Conditions for Conducting a 1 D-day Sediment Toxicity Test 
with Hyalella azteca, following U.S. EPA Testing Protocol 

Parameter Conditions 
Test type Whole sediment toxicity test with renewal of overlying waler 

Temperature 23:!: 1°C 

Ugh! quality Wide-spectrum fluorescent lights 

Ugh! Intensity 500 to 1000 lux 

Photoperiod 16L:80 

Test chamber 300 ml beaker 

Sediment volume 100 ml 

Overlying water volume 

Water renewal 

Age of organisms 

Number of organiSms 
per chamber 

Number of replicates 
per treatment 

Feeding 

Aeration 

Overtying water 

Overlying water quality 
parameters 

Test duration 

Endpoint 

Test acceplability 

175ml 

2 volume additions/day 

7 to 14 days at start of test 

.10 

8 

YCT food. 1.5 mVdayllest chamber 

None. unless 00 drops below 40% of saluration 

Surface water 

Hardness. alkalinity. conductivity. pH. and ammonia 
at beginning and end oflest; temperature and 00 daily 

10 days 

Survival 

Control survival!: 80% 
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4.0 RESULTS 

4.1 Chemical Analyses 

4.1.1 Water Chemistry 

4.1.1.1 Total Metals (Unfiltered) 

The results of the unfiltered water chemistry analyses are presented in Table 5. The 
results indicate that the three samples collected from the settling basin (CSBRP-46, 47, 
and 48) were extremely turbid, with turbidities ranging from 259 to 342 NTU. CSBRP-45 
was much less turbid (15.2 NTU), and the background surface water (BKD-SW), had low 
turbidity (7.97 NTU). The high turbidity of the settling basin was not related to the 
suspension of sediment during sampling activities. The settling basin was very turbid 
prior to sampling, and visual observations of the settling basin on two earlier occasions 
(during the fall of 1998 and on January 6, 1999) indicated that the water in the basin was 
turbid at these times, as well. The high turbidity is probably the result of continued runoff 
from the active buming rubble pit (631-2G). Several acres of soil around the active 
burning area serve as a buffer area to prevent fire from spreading to the surrounding 
vegetated areas. The soil of the buffer area is exposed (devoid of vegetation) and the 
soil appears to have a high clay content. Although the burning rubble pit is relatively flat, 
drainage from the burning rubble pit flows in the direction of the settling baSin, and the 
clays present in the runoff are likely to be responsible for the high turbidity in the settling 
basin. 

Table 5. Results of Chemical Analyses of Unfiltered Water Samples Collected 
Near the CSBRP, January 1999. 

Location 
Analyte Units BKO-SW CSBRP-45 CSBRP-46 CSBRP-47 CSBRP-48 
Total Aluminum (.1gl1 80.8 2030 18600 21800 17100 
Total Barium (.1g/l 18.1 68.1 65.3 69.6 70 
Total Chromium 6 (.1g/l bdl (3) bdl (3) 20 bdl (3) 43 
Total Chromium (.1g/l bdl (0.3) 3.52 . 31.9 38 29 
Total Copper (.1g/l 3.71 5.42 19.1 20.3 19 
Total Iron (.1g/l 679 1320 12200 13100 10900 
Total Mercury> (.1gl1 bdl (0.017) bdl (0.017) bdl (0.017) bdl (0.017) bdl (0.017) 
Total Mercury» I1g/l bdl (0.05) bdl (0. OS} bdl (O.05) bdl (0.05) bdl (O.05) 
Total Lead (.1g11 0.425 1.13 9.5 10.8 9.15 
Total Vanadium (.1g/l bdl (1.47) 5.14 27.9 29.6 24.5 
Turbidity NTU 7.97 15.2 259 342 286 
bdl - below detection limit 50% of ssmdl is reported 
'Mercury data from GEL's Cha~eston Laboratory 
"Mercury data from GEL's mobile on-stte laboratory 

Because of the high turbidity present in CSBRP-46, 47, and 48, the metals data must be 
interpreted very cautiously. In most surface waters, turbidity is related to the amount of 
suspended matter present in the water, and in general, most of the suspended matter 
consists of fine clays. Clays are comprised of largely of iron and aluminum silicates, and 
therefore contain high concentrations of iron and aluminum, as well as lesser amounts of 
other metals that occur naturally in the earth's crust. Cationic metals present in water 
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are attracted to the negatively charged clay particles and are readily adsorbed to the 
surface of the clay particles. Adsorbed metals generally have very limited bioavailability, 
since they are bound tightly to clay particles that are too large to pass across cell 
membranes, and therefore cannot be taken up by biota. High turbidity can have adverse 
biological effects, both directly, by clogging the gillS of aquatic organisms, and indirectly, 
by limiting visibility, and thus limiting prey capture. High turbidity can also limit the depth 
to which light will penetrate the water, which can reduce primary productivity, thus 
reducing food availability for organisms that feed on phytoplankton. 

As would be expected in very turbid water, the concentrations of total aluminum in the 
water samples collected from CSBRP-46, 47, and 48 were extremely high, ranging from 
17,100 to 21,800 ILg/I, and iron concentrations were also very high, ranging from 10,900 
to 13,100 ILg/I (Table 5). Iron and aluminum were also somewhat elevated at CSBRP-45 
(1320 and 2030 ILg/I), and much lower at the background reference location. The high 
concentrations of iron and aluminum at the CSBRP locations, along with the high 
turbidity, indicate that the turbidity is due to suspended clays, which will greatly influence 
the concentrations of other metals present in the unfiltered water. From a biological and 
toxicological standpoint, it is reasonable to focus the remainder of the discussion on the 
results of the metal analyses conducted on filtered samples, which will give a more 
meaningful indication of the potential for ecological risk. 

4.1.1.2 Dissolved Metals 

Table 6 presents the results of the metal analyses performed on filtered water samples. 

Table 6. Results of Chemical Analyses of Filtered Water Samples Collected Near 
the CSBRP, January 1999. 

Analyte 
Dissolved Aluminum 
Dissolved Barium 
Dissolved Chromium 6 
Dissolved Chromium 
Dissolved Copper 
Dissolved Iron 
Dissolved Mercury" 
Dissolved Mercury" 
Dissolved Lead 
Dissolved Vanadium 

Units 

IL91I 
fl91l 
IL91I 
fl91l 

fl91l 

fl91l 

fl91l 

fl91l 

fl91l 

fl91l 

Location 
BKD-SW CSBRP-45 CSBRP-46 CSBRP-47 CSBRP-48 

23.3 49.2 1160 S07 1240 
13.1 64.7 32.6 30.9 42.7 

bdl (3) bdl (3) bdl (3) bdl (3) bdl (3) 
bdl (0.3) bdl (0.97) 4 5.57 4.S5 

0.892 1.35 3.8 3.4 4.18 
57.7 142 494 338 496 

0.191 bdl (0.01S) 0.183 0.142 0.116 
bdl (0.05) bdl (0.05) bdl (0.05) bdl (0.05) bdl (0.05) 

bdl (0.156) bdl (0.156) 0.505 0.533 0.483 
~(1.~ ~(1.~ ~{1.~ ~0~ ~0~ 

bdl - below detection limit 50% of ssmdl is reported 
'Data from GEL's Charleston Laboratory 
"Data from GEL's mobile laboratory at SRS 

Concentrations of dissolved aluminum at the CSBRP locations ranged from 49.2 ILg/I at 
CSBRP-45 to 1240 IL91I at CSBRP-48, as compared to 23.3 fl91l at the background 
reference location (Table 6). Dissolved barium ranged from 30.9 to 42.7 IL91I in the 
settling basin, and was 64.7 fl91l in the wetland and 13.1 IL91I in the sample from the 
background reference location. Dissolved chromium was below detection at the 
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background reference location and the wetland and ranged from 4.0 to 5.57 ).1g/1 in the 
settling basin. Dissolved copper was relatively low at all locations, ranging from 0.892 
).1gl1 at the background reference location to 4.18 ).1g/1 at CSBRP-48. Dissolved iron 
ranged from 57.7 ).1g/l at the background location to 496 ).1g/1 at CSBRP-48. Dissolved 
mercury was higher at the background reference location (0.191 ).1g/1) than at any of the 
CSBRP locations (bdl to 0.183 J.1g/I). However, the mercury data are somewhat suspect, 
since total mercury was not detected at any location, but dissolved mercury was 
measured in four of the five samples. No total or dissolved mercury was detected in the 
duplicate samples that were analyzed at an on-site mobile laboratory (Table 6). 
Although the detection limits of the on-site laboratory were higher (0.05 ).1gl1 vs. 0.017 
).1g/l for the off-site laboratory), no dissolved mercury was detected in any of the samples 
analyzed at the on-site laboratory, while concentrations far in excess of 0.05 ).1g/1 were 
reported from the off-site laboratory. It appears likely that the samples analyzed at the 
off-site laboratory were contaminated with mercury during the filtration process. 
Dissolved lead was not detected at the background reference location or the wetland, 
but ranged from 0.483 to 0.533 ).1g/1 in the settling basin. Hexavalent chromium 
(chromium 6) and vanadium were below detection in all of the filtered samples. 

CSBRP-45 , which was located in the wetland, had lower concentrations of all pCOC 
dissolved metals than did the, samples collected from the settling basin. However, 
CSBRP-45 had a higher concentration of barium than the samples collected from the 
settling basin, which suggest that this constituent probably Originated in the inactive 
burning rubble pits, rather than at the active burning area adjacent to the settling basin. 
Based on these results, it appears likely that barium is the only pCOC present in the 
filtered water samples that originated from the inactive burning rubble pits. The 
remaining constituents probably originate from the active burning rubble pit adjacent to 
the settling basin, since concentrations in the settling basin have higher concentrations 
of all of the other pCOCs than does the wetland. 

4.1.2 Sediment Chemistry 

The sediment chemistry data are summarized in Table 7. Antimony was below detection 
in all of the samples. Arsenic was extremely high in all of the CSBRP sediment 
samples, ranging from 46,500 to 86,900 ).1g/kg, as compared to 1794 l1g/kg at the 
background reference location. Hexavalent chromium (chromium 6) was relatively low 
at all locations, ranging from below detection at two CSBRP locations to 4650 11g/1 at the 
background reference location. However, total chromium was greatly elevated in the 
CSBRP sediments, ranging from 84.400 ).1g/kg to 101,000 ).1glkg, as compared to 16,157 
l1g/kg at the background reference location. Mercury was present in all of the CSBRP 
sediments (65.8 to 195 1191kg), but was not detected in the background reference 
sediment. Lead concentrations in the CSBRP sediments (28,200 to 36,700 l1g/kg) were 
fairly similar to that of the background reference sediment (33,137 ).1glkg). 

The wetland (CSBRP-45) had higher concentrations of arsenic, chromium, and copper 
than the settling basin locations. These three metals are present in wood that has been 
pressure-treated with chromated copper arsenate to retard decay. In appears that these 
metals have either entered the wetland from the inactive seepage baSins, or more likely, 
that they have accumulated in the soil, as water from the settling basin flowed into the 
wetland over the course of many years. 
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Table 7. Results of Chemical Analyses of Sediment Samples Collected Near the 
CSBRP, January 1999. 

Analyte 
Antimony 
Arsenic 
Chromium 6 
Chromium 
Copper 
Mercury 
Lead 

Units 

119lkg 
119lkg 
1191k9 
119lkg 
"glkg 
1191k9 
1191k9 

Location 
BKO-SW CSBRP-45 CSBRP-46 CSBRP-47 CSBRP-48 
bdl (3.43) bdl (524) bdl (1122) bdl (1168) bdl (959) 

1794 86900 78300 50800 46500 
4650 733 bdl (88) 485 bdl (73) 

16157 101000 95400 84400 85500 
8529 115000 73900 63700 59800 

bdl (2.12) 83.6 195 119 65.8 
33137 28200 32700 33900 36700 

bdl - below detection limit 50% of ssmdl is reported 

4.1.3 Comparison to Toxicity Reference Values 

Table 8 compares the chemical concentrations of the water (total and dissolved) and 
sediment samples from the CSBRP settling basin and wetlands to the Toxicity 
Reference Values (TRVs) listed in the Baseline Risk Assessment (WSRC, 1998). 

4.1.3.1 Surface Water 

With the exception of barium, concentrations of the pCOCs in water from the reference 
location (BKD-SW) were all below the TRVs. Total and dissolved concentrations of 
barium at BKD-SW were 18 and 13119/l, respectively (Table 8). These results suggest 
that the TRV for barium may be unrealistically low, based on local geochemistry at the 
Savannah River Site. 

Based on total aluminum, all of the CSBRP locations exceeded the TRV for aluminum; 
based on dissolved concentrations, all but CSBRP-45 exceeded the TRV. 

Based on total chromium, all of the CSBRP locations except CSBRP-45 exceeded the 
TRV for chromium; based on dissolved concentrations, none of the locations exceeded 
theTRV. 

Based on total copper, all of the CSBRP locations exceeded the TRV for copper; based 
on dissolved concentrations, all of the locations were below the TRV. 

Based on total iron, all of the CSBRP locations exceeded the TRV for iron; based on 
dissolved concentrations, all of the locations were below the TRV. 

Based on total mercury, all of the CSBRP locations were below the detection limit for 
mercury. However, the deteCtion limit (0.017 119ll) is greater than the TRV (0.0028 1191l), 
so it is not possible to determine if total mercury concentrations at the CSBRP actually 
exceed the TRV. Based on dissolved mercury concentrations from GEL's Charleston 
Laboratory, three of the four CSBRP locations exceeded the TRV for mercury, as did the 
reference location. Based on data from GEL's on-site mobile laboratory, none of the 
CSBRP locations exceeded the TRV for mercury. However, the mercury detection limits 
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Table 8. Comparison of CSBRP Water and Sediment Chemistry Data 
(January 1999) to Toxicity Reference Values (TRVs) 

TRV 
(Ilg/L) for CSBRP-45 
Water 

Aluminum 87 T2030* 
049 

Barium 3.9 T68" 
065* 

Chromium 11 T4 
0<1 

Copper 6.18 T 5.4* 
01.4 

Iron 1000 T 1320* 
D 142 

Lead 1.21 T 1.1 
0<0.2 

Mercury** 0.0028 T bdl (0.017) 
Charleston Lab o bdl (0.018) 
Mercury** 0.0028 T bdl (0.05) 
Mobile Lab o bdl (0.05) 
Vanadium 20 T5 

0<1.5 

TRV (mg/kg) 
for Sediment CSBRP-45 

Arsenic 8.2 86.9* 
Antimony 2.0 <0.5 
Chromium 81.0 101.0* 
Copper 34.0 115* 
Lead 46.7 28.2 
Mercury 0.15 0.0836 

T = Total; 0 = Dissolved 
"Value exceeds TRV 

CSBRP-<C6 CSBRP-47 CSBRP-<C6 BKO-SW 

T18,600* T 2,1800* 
01160* 0807" 
T6S* T 70* 
033" 031* 
T 32* T 38" 
04 06 
T 19.1* T 20.3" 
03.8 03.4 
T 12,200" T 13,100" 
0494 D 338 
T 9.5" T 10.8" 
00.5 00.5 
T bdl (0.017) T bdl (0.017) 
00.183" 0 0.142* 
T bdl (0.05) T bdl (0.05) 
o bdl (0.05) 0 bdl (0.05) 
T28" T 30* 
D <1.5 0 <1.5 

CSBRP-<C6 CSBRP-47 
78.3* 50.8* 
<1.1 <1.2 
95.4* 84.4* 
73.9* 63.7* 
32.7 33.9 

0.195" 0.119" 

T 17,100* T 81 
01240* 023 
T 70* T 18* 
043* 013* 
T 29" T <0.3 
05 0 <0.3 
T 19" T 3.7 
04.2 00.9 
T 10,900* T 679 
0496 058 
T9.2* TO.4 
00.5 0<0.2 
T bdl (0.017) T bdl (0.017) 
00.116* 00.191* 
T bdl (0.05) T bdl (0.05) 
o bdl (0.05) 0 bdl (0.05) 
T24" T <1.5 
0<1.5 0 <1.5 

CSBRP-<C6 
46.5* 
<1.0 
85.5* 
59.B* 
36.7 

0.0658 

BKO-SED 
1.8 

<0.003 
16.2 
B.5 

33.1 
bdl (0.002) 

-Mercury data from both laboratories is presented, since the dissolved mercury data from the Charleston 
data is suspect. 

of both laboratories were greater than the TRV (Table 8). so it is not possible to 
determine if dissolved mercury concentrations at the CSBRP actually exceed the TRV. 

Based on total lead, three of the four CSBRP locations exceeded the' TRV for lead; 
based on dissolved concentrations, all of the locations were below the TRV. 

Based on total vanadium, all but CSBRP-45 exceeded the TRV for vanadium; based on 
dissolved concentrations, all of the locations were below the TRV. 

4.1.3.2 Sediment 

Concentrations of the pCOCs in sediment from the reference location (BKD-SED were 
all below the TRVs (Table 8). All of the CSBRP locations had sediment concentrations 
of arseniC, chromium, and copper that were in excess of the TRVs. Two CSBRP 
locations had mercury concentrations in the sediment that exceeded the TRV. At all 
locations, antimony and lead were below the TRVs. 
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4.2 Toxicity Tests 

4.2.1 Water Toxicity Tests 

The results of the toxicity tests are summarized in Table 9; detailed results are 
presented in Appendix 1. The results indicate that none of the locations that were 
sampled showed any evidence of acute toxicity. No Observed Effect Concentrations 
(NOEC's) for survival were all >100% effluent, which indicates that exposure to the water 
did not result in significant mortality. The results of the chronic tests indicate that two of 
the locations (47 and 48) showed no evidence of chronic toxicity, as measured by 
reproductive impairment Two locations (45 and 46) did show evidence of chronic 
toxicity, with NOEC's of 6.3% and < 6.3%, respectively. The results of these two tests 
are highly unusual because there is little increase in toxicity with increasing 
concentrations of effluent (see Figure 3). The suppression of reproduction, although 
statistically significant, was relatively small, and may be a statistical anomaly. In 
general, if a water sample is toxic, there is a substantial decrease in reproduction with 
increasing concentration. This conclusion is further substantiated by the water 
chemistry data, which indicates that with the exception of barium, CSBRP-45 had much 
lower concentrations of the pCOCs than did the samples from the settiing basin. 
Similarly, pCOC concentrations in water from CSBRP-46 in most instances were lower 
than those found at the other two settling basin locations. These results strongly 
suggest that the pCOCs were not responsible for the observed toxicity, and that the 
chronic toxicity was probably an anomaly. Undiluted water from the reference location 
(BKD-SW-1) was chronically toxic (NOEC of 50%). It is very likely that the toxicity at the 
reference location was due to low hardness. Total calcium at the background reference 
location was less than 1 mgll (786 119ll, which is very low). Ceriodaphnia dubia does not 
reproduce well in extremely soft water. 

Table 9. Results of Toxicity Tests Conducted on Water Samples from 4 
Locations Near the Central Shops Burning Rubble Pit Waste Unit and 
an Unimpacted Reference Location, January, 1999 

Location 

CSBRP-46-02-R 
CSBRP-47-02-R 
CSBRP-48-02-R 
CSBRP-45-02-R 
BKD-SW-1 

NOEC 
>100% 
>100% 
>100% 
>100% 
>100% 

Survival 
LOEC 
>100% 
>100% 
>100% 
>100% 
>100% 

4.2.2 Sediment Toxicity Tests 

NOEC 
<6.3% 
>100% 
>100% 
6.3% 
50% 

Reproduction 
LOEC 
6.3% 
>100% 
>100% 
12.5% 
100% 

The results of the sediment toxicity tests are summarized in Table 10; detailed results 
are presented in Appendix 2. The results indicate that, with the exception of CSBRP-46, 
all of the sediments, including the unimpacted reference location (BKD-SED-1) had 
significant mortality as compared to the Control Sediment. However, if the results of the 
CSBRP sediment toxicity tests are statistically compared to the results from the 
background reference sediment, there was no significant reduction in survival 
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Figure 3. Results of Toxicity Tests on Water Samples 
Collected Near the CSBRP, January 1999 
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(Table 11; Appendix 3). These results indicate that the sediments from the CSBRP 
should not result in significant mortality to indigenous organisms inhabiting these 
wetland areas. 

Table 10. Results of Toxicity Tests Conducted on Sediment Samples from 4 
Locations Near the Central Shops Burning Rubble Pit Waste Unit and 
an Unimpacted Reference Location, January, 1999 

Location 

Control Sediment" 

CSBRP-45-01-R 
CSBRP-46-01-R 
CSBRP-47-01-R 
CSBRP-48-01-R 
BKD-SED-1 

Percent Survival Significant Mortality (p=0.05) 

88.8% 

68.8% 
81.4% 
76.3% 
67.5% 
75.0% 

Yes 
No 
Yes 
Yes 
Yes 

*The control sediment used for these tests was from Resurrection Creek, Greenville Co, SC. 

Table 11 A Comparison of the Results of CSBRP Sediment Toxicity Tests to the 
Results from the Background Reference Sediment Toxicity Test 

Location 

BKD-SED-1 

CSBRP-45-01-R 
CSBRP-46-01-R 
CSBRP-47 -01-R 
CSBRP-48-01-R 

5.0 CONCLUSIONS 

Percent Survival Significant Mortality (p=0.05) 

75.0% 

68.8% 
81.4% 
76.3% 
67.5% 

No 
No 
No 
No 

Based on the results of the chemical analyses, unfiltered water samples collected from a 
wetland and settling basins located adjacent to the CSBRP Operable Unit exceed TRVs 
for aluminum, barium, chromium, copper, iron, lead, and vanadium at one or more of the 
four locations that were sampled. The water contained very high concentrations of clay 
particles that were present as suspended solids. A substantial portion of the metals 
was present as filterable particulates, bound to the clay particles, and was therefore not 
biologically available. Based on dissolved metal concentrations, the wetland and settling 
basin exceeded TRVs for aluminum, and barium. However, the background reference 
location also exceeded the TRV for barium, which suggests that this value may be too 
low, based on local geochemistry. Dissolved metal levels of chromium, copper, iron, 
lead and vanadium were below the TRVs. The detection limits for both total and 
dissolved mercury were higher than the TRV, so it was not possible to determine if the 
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TRV for mercury was exceeded. Metal concentrations in the sediment exceeded the 
TRVs for arsenic, chromium, copper, and mercury, but did not exceed the TRVs for 
antimony and lead. 

The results of the water toxicity tests indicated no evidence of acute toxicity in any of the 
samples. The results of the chronic toxicity tests indicated possible reproductive 
impainnent at two locations. However, the results appear to be anomalous, since the 
toxiCity was unrelated to concentration, and because the concentrations of pCOCs were 
similar in the toxic and the non-toxic samples. The results of the sediment toxicity tests 
indicated Significant mortality in all but one sample, including the background reference 
sediment. However, when the results of the CSBRP sediment toxicity tests were 
statistically compared to the result from the background reference sediment collected at 
SRS, there were no significant differences in mortality. These results suggest that the 
surface water and sediment at the CSBRP Operable Unit is not toxic to the biota that 
inhabit the wetland and the settling basin. 
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APPENDIX 1 

Water Toxicity Test Reports 



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

P.O. Box 16414, Greenville, SC 29606 

(864) 877-6942 • FAX (864) 877-6938 

4 Craftsman Court, Greer, SC 29650 

7 Day Chronic Definitive Survival 
and Reproduction Bioassay 

Method: EP Al600/4-911002 

Test Organism: Ceriodaphnia dubia 

Facility: WSRC 
Sample ID: BKD SW-1 

Aiken County 

ETI#: Tlll22 

Sample ID: January 13, 1999 



CHRONIC DEFINITIVE SURVIVAL AND REPRODUCTION TEST 
Survival and Reproduction Results 

Client: WSRC County: Aiken 
Sample Identification: BKD SWot NPDES#: 
Test Date: January 13, 1999 EIT#: T1II22 

Reproduction at MHS' Control Reproduction at 6.25% 
Rep. Day 3/4 DayS Day 6 Day? Day' Total Re", Day 3/4 DayS Day 6 Day? 

t 6 7 0 10 0 23 1 2 11 ~ 15 
2 0 0 8 12 0 20 2 4 0 9 12 
3 3 6 0 10 0 19 3 5 7 0 14 
4 4 0 8 11 0 23 4 3 0 8 14 
5 5 0 7 12 0 24 5 4 0 9 12 
6 0 X X X X 0 6 3 0 10 14 
7 6 7 0 12 0 25 7 5 5 0 14 
8 6 1 10 17 0 34 8 3 0 6 8 
9 4 0 11 14 0 29 9 4 0 5 11 
10 0 1 0 0 0 1 10 6 6 0 9 

Reproduction at 12.5% Concentration Reproduction at 25% 
Rep. Day3}. DayS Day. Day? DayS Total Rep. Day3!4 Day' Day. Day 7 

1 " 10 12 0 28 1 0 1~ u 14 
2 5 0 9 14 0 28 2 0 6 0 12 
3 5 10 0 12 0 27 3 3 5 0 8 
4 3 0 9 12 0 24 4 4 8 0 12 
5 4 0 10 11 0 25 5 4 0 10 15 
6 4 7 0 10 0 21 6 5 0 8 14 
7 4 9 0 15 0 28 7 6 7 0 15 
8 4 0 12 15 0 31 8 4 0 8 14 
9 5 7 0 14 0 26 9 3 6 0 12 
10 5 8 0 14 0 27 10 5 4 0 12 

Reproduction at 50% Concentration Reproduction at 100% 

Rep. Day 3/4 Day' Day 6 Day-' Day 8 To"" Rep. Day 3/4 DayS Day 6 Day' 

I ( 10 0 12 0 29 1 :l 8 0 9 
2 4 5 0 15 0 24 2 4 0 2 5 
3 4 5 0 14 0 23 3 0 0 0 0 
4 3 6 0 20 0 29 4 3 0 0 0 
5 2 0 8 14 0 24 5 2 X X X 
6 4 0 7 .12 0 23 6 3 0 0 10 
7 5 6 0 12 0 23 7 2 4 0 8 
8 4 7 0 10 0 21 8 3 0 6 10 
9 3 6 0 14 0 23 9 2 0 0 5 
10 0 3 0 10 0 13 10 3 0 0 0 

I') 

Concentration 
DayS Total 

0 28 
0 25 
0 26 
0 25 
0 25 
0 27 
0 24 
0 17 
0 20 
0 21 

Concentration 
DayB Total 

u 31 
0 18 
0 16 
0 24 
0 29 
0 27 
0 28 
0 26 
0 21 
0 21 

Concentration 
Day 8 Total 

0 19 
0 11 
0 0 
0 3 
X 2 
0 13 
0 14 
0 19 
0 7 
0 3 



CHRONIC DEFINITIVE SURVIVAL AND REPRODUCTION TEST 
Statistical Analyses 

Client: WSRC 
Sample Identification: BKD SW-l 
Test Date: January 13, 1999 

Test for Normality 

Test Used: Kolmogorov 0 D~ 

critical 

Th~ data are normal in distribution 

Test for Differences in Reproduction 
Test Type Used: FlSben End Test for Survival 

TcstType Used: Wilcoxon', Test for Reproductioll 

tTest T cst Concentration 

IMHSF 6.3% U.S-I. 25.0% 

t Value -0.74 -1.77 .. ·(US 

critical, 2.28 2.23 :2.28 

l<q>rodoct. I 21.9 23.8 26.S 24.1 

survival I 89% 100% 100% 100% 

CV- 43% 

Wilcoxon', Test Test Concentration 
6.3-1. U.S-;. 25.0-;' 

""" "'"' critica1 value 7' 7' 7' 

NOEC: Survival: >100% Reproduction: 
WEC: Survival: >100% Reproduction: 

Chronic Value: 70.7% 

Summary 
The effiuent is not acutely toxic. 

0.991 
1.035 

SO.O-t. 

-0.50 

2.28 

23.2 

100% 

MSIF 

50% 

" 
SOJ)I'Io 

100.0% 

The effluent is chronically toxic at 100% concentration. 

100% 

04.92 

2.28 

9.1 ... ~ 
6.05 

100-;' 

7S 

Test for Homogeneity of Variance 

Test Used: Bartlett's Test B~ 

critical 
20.64 

15.1 

The data are not homogeneous in variance 
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CHRONIC DEFINITIVE SURVIVAL AND REPRODUCTION TEST 
Water Chemistry 

Client: WSRC 
Sample Identification: BKD SW-l 
Test Date: January 13, 1999 

pH (After Renewal) pH (Before Renewal) 
Test Concentration Test Concentration 

Control 6.25% 12.5% 25% 50% 100% Control 6.25% 12.5% 25% 50% 
Initial 7.70 7.93 7.46 7.83 6.86 5.53 Day 1 8.10 7.90 7.94 7.93 7.93 
Day 1 7.70 6.95 6.96 6.91 6.79 6.28 Day 2 8.15 7.99 8.03 8.01 7.97 
Dav2 7.79 7.95 7.98 7.99 7.89 7.74 Dav3 8.09 7.93 7.98 7.93 8.01 
Day 3 7.72 7.59 7.62 7.63 7.90 6.17 Day 4 7.97 7.97 7.82 8.01 7.79 
Day 4 7.59 7.71 7.93 7.68 7.59 7.90 Day 5 8.12 8.Q4 7.97 8.07 
Day 5 7.75 7.61 7.56 7.54 7.41 5.82 Day 6 8.02 7.83 8.09 7.97 7.96 
Day 6 7.63 8.02 7.97 8.04 7.66 7.69 Final 7.94 8.02 8.04 8.02 7.87 

D' Issove dO xygen er (Aft R enewa I) Dissolved Oxygen (Before Renewal) 
Test Concentration Test Concentration 

Control 6.25% 12.5% 25% 50% 100% Control 6.25% 12.5% 25% 50% 
Initial 8.4 8.4 8.4 8.3 8.2 7.8 Day 1 8.4 8.4 8.3 8.4 8.4 
Day I 8.3 8.2 8.4 8.4 8.4 8.3 Day 2 8.6 8.3 8.4 8.6 8.7 
Day 2 8.5 8.4 8.5 8.6 8.6 8.5 Dav3 8.6 8.6 8.8 8.9 8.9 
Day 3 8.3 8.8 8.9 9.0 9.0 9.0 Day 4 8.3 8.9 8.8 8.8 8.9 
Day 4 8.3 8.8 8.8 8.9 9.2 9.1 Day 5 8.8 8.3 8.4 8.6 
D~y5 8.3 8.9 9.1 9.1 9.0 9.1 Day 6 8.7 8.5 8.4 8.5 8.7 
Day 6 8.5 8.4 8.4 8.5 8.6 8.6 Final 8.5 8.2 8.2 8.6 8.3 

Temperature 
Date Alkalinity Hardness Conductivity Res.CI. Incubator °C 

1-1\-99 4.26 &.16 26.4 0.03 Initial 24.9 

1-13-99 4.16 22.4 26 0.03 Dav I 25.0 
1-15-99 8.32 12.2 26.5 <0.01 Day 2 24.7 

Day 3 25.0 
Day 4 25.1 
Day 5 25.0 
Day 6 25.1 
Final 24.5 

Test Results Reviewed and Approved By: 

;;L/ 

100% 

7.87 
8.14 
6.95 
6.93 
6.37 
6.88 
7.18 

100% 

8.4 
8.7 
8.9 
8.8 
8.7 
8.6 
8.0 



(864) 877·6942 • FAX (864) 877·6938 

P.O. Box 16414, Greenville, SC 29606 4 Craftsman Court, Greer, SC 29650 

7 Day Chronic Definitive Survival 
and Reproduction Bioassay 

Method: EP Al600I4-911002 

Test Organism: Ceriodaphnia dubia 

Facility: WSRC 
Sample ID:CSBRP-4S-02-R 

Aiken County 

ETI#: Tl1l2l 

Sample ID: January 13, 1999 



CHRONIC DEFINITIVE SURVIVAL AND REPRODUCTION TES T 
Survival and Reproduction Results 

Client: WSRC County: Aiken 
Sample Identification: CSBRP-45-02-R NPDES#: 
Test Date: January 13, 1999 ETT#: T11121 

Reproduction at MHSF Control Reproduction at 6.2 5% Concentration 
Rep. Day 3/4 DayS Day 6 Day' DayS Total Re. Day3!4 DayS 0.,.. Day 7 DayS Total 

I 5 7 0 12 0 24 I 5 8 0 6 4 23 
2 5 8 0 11 0 24 2 6 10 0 2 8 26 
3 7 10 0 10 0 27 3 6 8 0 5 10 29 
4 0 0 8 11 0 19 4 5 0 7 3 2 17 
5 0 0 3 13 0 16 5 3 0 6 6 4 19 
6 4 10 0 13 0 27 6 1 0 11 5 1 18 
7 5 0 6 11 0 22 7 4 0 7 4 0 15 
8 0 4 0 15 0 19 8 4 9 0 5 0 18 
9 3 9 0 9 0 21 9 3 4 4 3 2 16 
10 0 6 0 10 0 16 10 3 6 0 L L L 

Reproduction at 12.5% Concentration Reproduction at 2 5% Concentration 
ReP. Day3!4 DayS o.y' Day' 0.,. 8 Total Re. Day 3/4 DayS Day 6 Day 7 o.y8 Total 

I 5 ij 0 7 4 25 I 4 8 0 5 17 
2 5 7 0 5 1 18 2 4 10 0 5 0 19 
3 7 10 0 2 0 19 3 6 9 0 3 0 18 
4 5 0 5 6 0 16 4 5 0 7 5 1 18 
5 2 0 7 4 0 13 5 5 0 7 5 1 18 
6 0 0 7 4 2 13 6 5 0 9 3 0 17 
7 4 0 4 6 0 14 7 5 0 9 0 2 16 
8 4 8 2 2 0 16 8 4 8 0 2 1 15 
9 4 5 2 3 1 15 9 5 9 0 4 0 18 
10 4 8 0 3 0 15 10 5 11 0 4 7 27 

Reproduction at 50% Concentration Reproduction at 10 0% Concentration 
ReP. Day 3/4 DayS Day 6 Day 7 DayS Total Rep. Day3!4 DayS Day 6 Day 7 o.y8 Total 

1 4 12 0 1 0 17 I 3 ( 0 1 1 12 
2 5 12 0 3 2 22 2 4 8 0 3 4 19 
3 6 9 1 3 0 19 3 3 7 0 2 3 15 
4 5 0 6 1 1 13. 4 4 0 7 1 1 13 
5 6 4 0 2 0 12 5 3 0 6 3 5 17 
6 6 0 8 0 0 14 6 4 0 7 2 4 17 
7 5 0 9 1 2 17 7 3 6 0 2 4 15 
8 5 6 0 1 0 12 8 4 6 0 4 5 19 
9 5 0 10 3 2 20 9 2 5 0 3 4 14 
10 5 10 0 4 1 20 10 4 7 0 3 3 17 

.2.3 



CHRONIC DEFINITIVE SURVIVAL AND REPRODUCTION TEST 
Statistical Analyses 

Client: WSRC 
SIImpie Identification: CSBRP-45-02-R 
Test Date: January 13, 1999 

Test for Normality 

Test Used: Kolmogorov D D~ 

critical 

The data are normal in distribution 

Test for Differences in Reproduction 
Test Type Used: Fisben Euct Test for Survival 

Test Type Used: t Test for ReproductioQ 

tTat Test Concentration 

rMHSF 6.3-;' 12.5% 25.0% 

t Value 0.83 3.13 1.97 

criticalt 2.28 2.28 2.28 
r;:;;;;;;;\uct ... 21..5 20.1 16.4 18.3 

survival I 100% 100% 100% 100% 

CV- 19% 

Test Concentration 

6.3-/. 12.5·;' 25.0% 

""" ..... 
critical value 7' " " 
NOEC: Survival: >100".4. Reproduction: 
LOEC: Survival: >100% Reproduction: 

Chronic Value: 8.Sat. 

Summary 
The emuent is not acutely toxic. 

0.990 
1.035 

50,0-/. 

3.01 

2.28 

16.6 

100% 

MSIF 

50% 

7, 
6.3% 

12.5% 

100% 

3.50 

2.28 

15.8 
100",(, 

3.79 

100-/. 

7' 

Test for Homogeneity of Variance 

Test Used: Bartlett's Test B~ 

critical 
4.99 
IS. I 

The data are homogeneous in variance 

Effluent Conc. vs. Reproduction 

30r-------------------------------~ 

~ 25 
E 

'" lJ.. 20 
~ 

'" Co 
0 15 
t: 
:J 

~ 10 
t: 
co 
'" 5 ::;; 

21.5 

- -~::S~:SIgnffic8nCi "2;j: - - - - - - - - - -'-

-----------~-----~~-

O~~=_~~~=t~_=t=--~~~~~ 
12.5% 25.0% 50.0% 10 % 
Concentration 

The effluent is chronically toxic at concentrations of 12.5% and higher. However, the suppression of reproduction is small and 
may be a statistical anomaly. 



CHRONIC DEFINITIVE SURVIVAL AND REPRODUCTION TEST 
Water Chemistry 

Client: WSRC 
Sample Identification: CSBRP-4S-02-R 
Test Date: January 13, 1999 

pH (After Renewal) pH (Before Renewal) 
Test Concentration Test Concentration 

Control 6.25% 12.5% 25% 50% 100"10 Control 6.25% 12.5% 25% 50% 
Initial 7.70 7.85 7.53 7.4 7.70 7.12 Day I 8.10 t.88 7.91 .93 8.06 
Day I 7.70 6.72 6.89 6.92 6.94 6.92 Day 2 8.15 8.23 8.23 8.34 8.27 
Dav2 7.79 8.18 8.13 8.24 8.23 8.20 Day 3 8.09 8.08 7.91 8.10 7.68 
Day) 7.72 7.71 7.73 7.75 7.76 7.67 Day 4 7.97 8.10 8.11 8.31 7.82 
Day 4 7.59 7.60 7.64 7.57 7.63 7.59 Day5 8.12 8.01 8.01 8.08 8.09 
DayS 7.75 7.82 7.84 7.72 7.68 7.54 Day 6 8.02 8.21 8.16 7.80 8.17 
Day 6 7.63 7.88 7.60 7.93 7.94 7.98 Final 7.94 8.14 8.37 8.41 8.20 

Dissolved Oxygen (After Renewal) Dissolved Oxygen (Before Renewal) 
Test Concentration Test Concentration 

Control 6.25% 12.5% 25% 50% 100% Control 6.25% 12.5% 25% 50% 
Initial 8.4 8.7 8.7 8.8 8.9 9.4 Day I 8.4 8.6 8.6 8.7 8.7 
Day I 8.3 8.6 8.6 8.5 8.6 8.6 Day 2 8.6 8.8 8.7 8.8 8.8 
Day 2 8.5 8.6 8.6 8.7 8.7 8.8 Oay3 8.6 8.5 8.6 8.7 8.8 
Day 3 8.3 8.7 8.8 8.8 8.8 9.0 Day 4 8.3 8.4 8.4 8.5 8.5 
Day 4 8.3 9.1 9.0 9.1 9.4 9.4 Day 5 8.8 8.5 8.6 8.6 8.8 
DayS 8.3 8.9 8.9 8.9 9.0 9.1 Day 6 8.7 8.5 8.5 8.5 8.6 
Day_6 8.5 8.3 8.4 8.4 8.5 8.5 Final 8.5 8.4 8.6 8.7 8.7 

Temperature 
Date Alkalinity Hardness Conductivity Res. Cl. Incubator DC 

1-11-99 183.2 175.4 385 0.08 Initial .4.9 
1-13-99 199.7 185.6 421 0.1 Day I 25.0 
1-15-99 79 93.8 182 <0.01 Day 2 24.7 

Day 3 25.0 
Day 4 25.1 
Day 5 25.0 
D~y6 25.1 
Final 24.5 

Test Results Reviewed and Approved By: 

100% 
8.16 
8.44 
8.33 
8.47 
8.06 
8.14 
8.31 

100% 
8.7 
8.8 
8.9 
8.6 
8.8 
8.6 
8.7 



P.O. Box 16414, Greenville, SC 29606 

(864) 877-6942 • FAX (864) 877-6938 

4 Craftsman Court, Greer, SC 29650 

7 Day Chronic Definitive Survival 
and Reproduction Bioassay 

Method: EPAl600/4-91/002 

Test Organism: Ceriodaphnia dubia 

Facility: WSRC 
Sample ID:CSBRP-46-02-R 

Aiken County 

ETf#: Tll1l8 

Sample ID: January 13, 1999 



CHRONIC DEFINITIVE SURVIVAL AND REPRODUCTION TEST 
Survival and Reproduction Results 

Client: WSRC County: Aiken 
Sample Identification: CSBRP-46-02-R NPDES#: 
Test Date: January 13, 1999 ETT#: TIl1l8 

Reproduction at MHSF Control Reproduction at 6.25% 
Rep. Day 3/4 Day 5 o.y. Day' Day 8 Tot" Rep. Day 314 DayS Day 6 Day' 

1 6 7 0 10 0 23 I 0 5 0 6 
2 0 0 8 12 0 20 2 0 5 0 7 
3 3 6 0 10 0 19 3 1 5 0 7 
4 4 0 8 11 0 23 4 2 0 5 0 
5 5 0 7 12 0 24 5 0 5 0 1 
6 0 X X X X 0 6 0 5 0 3 
7 6 7 0 12 0 25 7 0 6 0 6 
8 6 1 10 17 0 34 8 2 0 5 6 
9 4 0 11 14 0 29 9 4 0 7 8 
10 0 1 0 0 0 I \0 3 0 7 8 

Reproduction at 12.5% Concentration Reproduction at 25% 
Rep. Day 3/4 DayS Day 6 o.y7 Ooy 8 Toto! Rep. Day 3/4 o.y5 [),y. Day' 

I 4 ( u ~ 19 I 0 u ~ u 
2 0 5 0 4 8 17 2 0 1 0 6 
3 0 6 0 6 10 22 3 0 7 0 4 
4 4 0 8 7 3 22 4 2 1 4 0 
5 0 5 0 3 11 19 5 0 6 0 2 
6 0 6 0 4 6 16 6 0 5 0 5 
7 3 0 8 9 2 22 7 0 0 7 6 
8 3 0 6 8 0 17 8 0 0 7 8 
9 2 0 5 5 3 15 9 1 a 6 0 
10 1 1 8 6 1 17 10 0 0 7 5 

Reproduction at 50% Concentration Reproduction at 100% 
R"",- Day 3/4 Day 5 Day 6 Day' Day 8 Tota1 Rep. Day 3/4 o.y5 Day 6 Day' 

I 0 0 6 7 9 22 I 0 1 8 6 
2 0 4 7 0 8 19 2 0 0 6 0 
3 0 0 4 5 7 16 3 0 L L L 
4 0 0 5 4 7 16 4 0 0 6 7 
5 0 1 6 3 5 15 5 0 0 6 5 
6 0 0 4 4 5 13 6 0 0 6 4 
7 0 1 6 6 7 20 7 0 0 7 6 
8 0 0 6 5 8 19 8 0 0 8 6 
9 2 0 8 8 8 26 9 1 0 7 4 
10 0 0 6 3 4 13 \0 0 0 8 4 

Concentration 
Day 8 Tot,) 

10 21 
10 22 
9 22 
8 15 
10 16 
10 18 
10 22 
1 14 
2 21 
1 19 

Concentration 
DayB Tot,) 

~ 17 
7 14 
7 18 
7 14 
8 16 
8 18 
5 18 
1 16 
8 15 
3 15 

Concentration 
Day! Tot,) 

7_ 22 
7 13 
L L 
4 17 
7 18 
5 15 
6 19 
8 22 
4 16 
4 16 



CHRONIC DEFINITIVE SURVIVAL AND REPRODUCTION TEST 
Statistical Analyses 

Client: WSRC 
Sample Identification: CSBRP-46-02-R 
Test Date: January 13, 1999 

Test for Normality 

Test Used: Kolmogorov D l}= 

critical 

The data are normal in distribution 

Test for Differences in Reproduction 
Test Type Used: Fuhen E.-ct Tesl for Survival 

Test Type Used: t Test for Reproductioa 

tTat Test Concentration 

iMIISF 6.J-t. n.s-I. lS.(W. 

t Valuc 3.S3 3.82 '.66 
criticalt 2.28 2.28 2.28 

reproduct I 23.8 19.0 18.6 16.1 

suni. ... al J tOO% 100% '00% '00% 

cv= 14% 

T cst Concentration 

6.3-/. 11.5-/. lS.OV. _.= 
critical moe 75 7' 7' 

0.506 
1.035 

SO.O'"l. 

4.34 

2.28 

17.9 

lOO% 

MSIF 

5OY. 

7' 

NOEC: Survival: >100-10 Reproduction: <6.30/. 

WEC: Survival: >IOOOA. Reproduction: 6.3'1D 

Chronic Value: Less than lowest concentration tested 

Summary 

lOO-!.. 

4.47 

2.28 

17.6 

100'1. 

3.17 

100'"1. 

7' 

Test for Homogeneity of Variance 

Test Used: Bartlett's Test B= 
critical 

7.61 
\5.1 

The data are homogeneous in variance 

Effluent Conc_ vs_ Reproduction 

30,-~~~~~~~~~~~~~~~-, 

~ 25 
E ., 
u.. 20 
~ ., 
a. 
0)15 
c: 
:l :e 10 
c: 
:ll 5 
::; 

-~~---------------------------

-~d of significance ' 

~ -1~e- 17.9 17.8 
16.1 

-----------------~------------

OLo~ __ ~r..~~~~~--~~_.~'" 
MHSF 6.3% 12.5% 25.0% 50.0% 100% 

Concentration 

The emuent is not acutely toxic. 
The effluent is chronically toxic. Suppression of reproduction is relatively small and may be a statistical anomaly, 



CHRONIC DEFINITIVE SURVIVAL AND REPRODUCTION TEST 
Water Chemistry 

Client: WSRC 
Sample Identification: CSBRP-46-02-R 
Test Date: January 13, 1999 

pH (After Renewal) H (B f PI e ore R enewa I) 
Test Concentration Test Concentration 

Control 6.25% 12.5% 25% 50% 100% Control 6.25% 12.5% 25% 50% 
Initial 7.70 7.55 7.73 ·7.48 7.24 6.63 Dav I 8.\0 8.21 8.09 8.07 8.04 
Day I 7.70 6.91 6.91 6.90 6.81 6.53 Day 2 8.15 8.05 7.99 8.09 8.03 
Day 2 7.79 8.02 8.06 8.00 8.00 7.87 Day 3 8.09 8.16 8.\0 7.98 8.02 
Day 3 7.72 7.59 7.60 7.60 7.50 7.54 Day 4 7.97 
Day 4 7.59 Day 5 8.12 7.95 7.95 7.89 7.87 
DayS 7.75 7.84 7.73 7.75 7.73 7.12 Day 6 8.02 7.99 7.67 7.90 7.99 
Day 6 7.63 7.84 7.85 7.92 7.85 7.86 Final 7.94 8.25 8.00 8.17 8.20 

Dissolved Oxygen (After Renewal) Dissolved Oxygen (Before Renewal) 
Test Concentration Test Concentration 

Control 6.25% 12.5% 25% 50% 100% Control 6.25% 12.5% 25% 50% 
Initial 8.4 8.4 8.4 8J> 8.8 9.0 Day 1 8.4 8.9 8.8 8.7 8.7 
Day I 8.3 8.8 8.8 8.8 8.7 8.7 Day 2 8.6 8.4 8.4 8.6 8.6 
Day 2 8.5 8.6 8.5 8.7 8.7 8.7 Day 3 8.6 8.9 9.0 9.1 9.2 
Day 3 .8.3 9.2 9.2 9.0 9.0 8.9 Day 4 8.3 
Day 4 8.3 Day 5 8.8 8.6 8.7 8.8 8.8 
Day 5 8.3 8.9 9.0 9.0 9.1 9.0 Day 6 8.7 8.2 8.4 8.5 8.5 
Day 6 8.5 8.4 8.4 8.5 8.5 8.4 Final 8.5 8.6 8.4 8.6 8.4 

Temperature 
Date Alkalinity Hardness Conductivity Res. CI. Incubator °c 

1-11-99 32 42.8 127.9 0.02 Initial ~4.9 
1-13-99 33.3 65.3 126.5 0.06 Dav I 25.0 
1-15-99 35.4 42.8 103.8 0.04 Day 2 24.7 

Day 3 25.0 
Day 4 25.1 
DayS 25.0 
Day 6 25.1 

,Final 24.5 

Test Results Reviewed and Approved By: 

100% 
8.03 
7.99 
7.82 

7.99 
7.68 

100% 
8.6 
8.7 
9.2 

8.5 
8.S 



P.O. Box 16414, Greenville, SC 29606 

(864) 877-6942 • FAX (864) 877-6938 

4 Craftsman Court, Greer, SC 29650 

7 Day Chronic Definitive Survival 
and Reproduction Bioassay 

Method: EP A1600/4-911002 

Test Organism: Ceriodaphnia dubia 

Facility: WSRC 
Sample ID:CSBRP-47-02-R 

Aiken County 

EIT#: T11l19 

Sample ID: January 13, 1999 



CHRONIC DEFINITIVE SURVIVAL AND REPRODUCTION TEST 
Survival and Reproduction Results 

Client: WSRC County: Aiken 
Sample Identification: CSBRP-47-02-R NPDES#: 
Test Date: January 13. 1999 ETT#: Til 119 

Reproduction at MHSF Control Reproduction at 6.25% 
Re. Day 3/4 DayS Day 6 Day 7 Doy8 Total Rep. Day 3f4 DayS Day 6 Day 7 

1 6 7 0 10 0 23 I 4 9 0 16 
2 0 0 8 12 0 20 2 4 9 0 12 
3 3 6 0 10 0 19 3 4 9 0 14 
4 4 0 8 11 0 23 4 3 7 0 14 
5 5 0 7 12 0 24 5 4 0 9 14 
6 0 X X X X 0 6 5 0 10 14 
7 6 7 0 12 0 25 7 6 8 0 15 
8 6 1 10 17 0 34 8 7 0 12 17 
9 4 0 11 14 0 29 9 5 10 0 14 
10 0 1 0 0 0 I 10 6 9 0 16 

Reproduction at 12.5% Concentration Reproduction at 25% 
ReP. oay3f4 DayS Doy6 Day 7 DayS Total Rep. Day 3/4 o.y' Day 6 o.y7 

1 3 9 0 10 0 22 I 5 1 0 11 
2 6 8 0 16 0 30 2 4 10 0 14 
3 4 9 0 16 0 29 3 5 7 0 14 
4 4 0 9 11 0 24 4 5 7 0 15 
5 5 10 0 14 0 29 5 4 3 0 12 
6 3 7 0 11 0 21 6 4 6 1 10 
7 6 9 0 14 0 29 7 5 6 0 18 
8 5 9 0 17 0 31 8 5 0 3 10 
9 5 10 0 12 0 27 9 5 8 0 16 
10 6 10 0 18 0 34 10 4 8 0 14 

Reproduction at 50% Concentration Reproduction at 100% 

Rep. Day 3f4 o.y' Day 6 Day 7 DayS Total R~ Day 3/4 DayS Day 6 Day 7 

I 3 8 0 11 0 22 I 5 6 0 12 
2 5 9 0 14 0 28 2 4 5 0 14 
3 5 7 0 12 0 24 3 4 6 0 11 
4 4 6 0 14 0 24 4 2 4 0 12 
5 4 6 0 12 0 22 5 3 7 0 14 
6 5 7 1 11 0 24 6 3 4 0 10 
7 5 6 0 14 0 25 7 4 7 0 14 
8 6 0 11 12 0 29 8 0 5 0 12 
9 4 8 0 14 0 26 9 3 4 0 11 
to 4 7 0 15 0 26 10 3 5 0 10 

Concentration 
DayS Total 

0 29 
0 25 
0 27 
0 24 
0 27 
0 29 
0 29 
0 36 
0 29 
0 31 

Concentration 
o.y8 Total 

0 17 
0 28 
0 26 
0 27 
0 19 
0 21 
0 29 
0 18 
0 29 
0 26 

Concentration 
DayS Total 

0 23 
0 23 
0 21 
0 18 
0 24 
0 17 
0 25 
0 17 
0 18 
0 IS 
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CHRONIC DEFINITIVE SURVIVAL AND REPRODUCTION TEST 
Statistical Analyses 

Client: WSRC 
Sample Identification: CSBRP-47-02-R 
Test Date: January 13, 1999 

Test for Normality 

Test Used: Kolmogorov D D= 
critical 

The data are normal in distribution 

Test for Differences in Reproduction 
Test Type Used: F'lShen Euct Test for Survival 

Test Type Used: Wilcoxon', Test for Reprudw:tiGn 

0.807 
1.035 

tTest T cst Concentration 

IMHS' 6.3% U.S-I. 15.0% 50.0% 

tVlII1ue -2.98 ·2.54 -0.94 ·1.38 

critical t 2.28 2.28 2.28 2.28 
«product. 21.9 28.6 27.6 24.0 25,0 

swvival I 89010 100% 100% 100% 100% 

CV- 43% MSO= 

Wilcoxon's Test Test Concentration 

6.3-'. l1.5e/. 1S.0V. 

"""-
critical vatu(: " " 
NOEC: Survival: >100% Reproduction: 
LOEC: Survival: >100% Reproduction: 

Chronic Value: >100010 

Summary 
The effluent is not acutely toxic. 
The emuent is not chronically toxic. 

7' 

SOV. 

7, 
>100% 

>100% 

100% 

0.66 

2.28 

20A 

100% 

S.24 

10&-/. 

7' 

Test for Homogeueity of Variance 

Test Used: Bartlett's Test B= 
critical 

26.36 
15.1 

The data are not homogeneous in variance 

Effluent Conc. vs. Reproduction 

30,------fl~--~~--------------_, 
27.6 

~25 
E ., 
u. 20 
~ ., 
a. 
0>15 
c 
:J 

~ 10 
c 
'" ., 5 
::;: 

4.0. __ 25.0 _____ _ 

21. ., 
threshold of significance 
• • • • • • 

O~~~~r.,-.~~~~--~~-.~~ 12.5% 25.0% 50.0% 10 % 
Concentration 
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CHRONIC DEFINITIVE SURVIVAL AND REPRODUCTION TEST 
Water Chemistry 

Client: WSRC 
Sample Identification: CSBRP-47-02-R 
Test Date: January 13, 1999 

pH (After Renewal) pH (Before Renewal) 
Test Concentration Test Concentration 

Control 6.25% 12.5% 25% 50% 100% Control 6.25% 12.5% 25% 50% 
Initial 7.70 7.52 7.91 7.52 7.88 6.86 Day I 8.10 8.08 8.06 8.04 8.02 
Day 1 7.70 6.99 6.93 6.92 6.84 6.75 Day 2 8.15 7.99 8.05 8.06 7.99 
Day 2 7.79 7.99 8.02 8.04 8.00 7.73 Day 3 8.09 7.98 7.86 8.05 7.99 
Day 3 7.72 7.36 7.65 7.65 7.55 7.33 Day 4 7.97 7.47 7.84 7.92 7.88 
Dav4 7.59 7.73 7.76 7.63 7.65 7.68 DayS 8.12 8.00 8.03 
DayS 7.75 7.92 7.76 7.87 7.79 7.14 Day 6 8.02 8.10 8.10 8.07 8.04 
Day 6 7.63 8.00 7.78 8.03 7.81 7.79 Final 7.94 7.69 8.11 7.88 8.02 

Dissolved Oxygen (After Renewal) Dissolved Oxygen (Before Renewal) 
Test Concentration Test Concentration 

Control 6.25% 12.5% 25% 50% 100% Control 6.25% 12.5% 25% 50% 
mitial 8.4 8.5 8.8 8.7 8.7 9.1 Day I 8.4 8.4 8.5 8.6 8.6 
Day I 8.3 8.7 8.6 8.5 8.4 8.3 Day2 8.6 8.4 8.5 8.6 8.6 
Day 2 8.5 8.7 8.8 8.8 8.8 8.8 Day 3 8.6 8.4 8.5 8.6 8.7 
Day 3 8.3 8.7 8.8 8.9 9.0 9.1 Day 4 8.3 8.7 8.6 8.7 8.9 
Day 4 8.3 8.7 8.4 8.9 9.0 8.9 Day 5 8.8 8.7 8.8 
DayS 8.3 8.8 9.1 9.2 9.1 9.2 Day6 8.7 8.4 8.4 8.5 8.6 
Day 6 8.5 8.3 8.4 8.4 8.5 8.5 Final 8.5 8.2 8.5 8.2 8.4 

Temperature 
Date Alkalinity Hardness Conductivity Res. Cl. Incubator °C 

1-11-99 36.2 77.5 131.3 0.06 Initial 24.9 
1-13-99 35.4 49 129.9 0.05 Day I 25.0 
1-15-99 29.1 38.8 116.7 0.03 Day 2 24.7 

Day 3 25.0 
Day 4 25.1 
DayS 25.0 
Day 6 25.1 
Final 24.5 

Test Results Reviewed and Approved By: 

33 

100% 
8.00 
7.83 
7.72 
7.78 
7.95 
7.91 
7.96 

100% 
8.5 
8.7 
8.7 
9.2 
8.8 
8.6 
8.4 



P.O. Box 16414, Greenville, SC 29606 

(864) 877-6942 • FAX (864) 877-6938 

4 Craftsman Court, Greer, SC 29650 

7 Day Chronic Definitive Survival 
and Reproduction Bioassay 

Method: EPAl600/4-911002 

Test Organism: Ceriodaphnia dubia 

Facility: WSRC 
Sample ID:CSBRP-4S-02-R 

Aiken County 

ETT#: Tl1l20 

Sample ID: January 13, 1999 



CHRONIC DEFINITIVE SURVIVAL AND REPRODUCTION TEST 
Survival and Reproduction Results 

Client: WSRC County: Aiken 
Sample Identification: CSBRP-48-02-R NPDES#: 
Test Date: January 13, 1999 ETI#: TIl120 

Reproduction at MHSF Control Reproduction at 6.25% 
Rep. Day 3/4 DayS Day 6 Day 7 DayS Toto! Rep. Day 3/4 DayS Day 6 Day 7 

I 5 7 0 12 0 24 I 4 8 0 14 
2 5 8 0 11 0 24 2 6 9 a 13 
3 7 10 0 10 0 27 3 6 9 0 10 
4 0 0 8 11 0 19 4 4 8 1 12 
5 0 0 3 13 0 16 5 5 7 1 13 
6 4 10 0 13 0 27 6 5 8 1 11 
7 5 0 6 11 0 22 7 5 0 10 14 
8 0 4 0 15 0 19 8 5 5 0 12 
9 3 9 0 9 0 21 9 4 9 0 10 
\0 0 6 0 10 0 16 \0 5 11 0 13 

Reproduction at 12.5% Concentration Reproduction at 25% 
Rep. Day 3/4 DayS DayO Day 7 DayS Toto! Rep. Day 3/4 Day' DayO Day7 

I L L L L I 4 ij 0 9 
2 6 10 0 14 0 30 2 5 7 0 12 
3 5 9 0 11 0 25 3 6 10 0 15 
4 5 9 0 12 0 26 4 5 7 0 9 
5 5 8 0 14 0 27 5 5 6 0 11 
6 4 . 8 0 15 0 27 6 6 9 0 11 
7 4 0 10 14 0 28 7 5 0 9 14 
8 5 0 0 15 0 20 8 1 5 0 13 
9 4 7 0 14 0 25 9 5 6 0 13 
10 3 9 0 15 0 27 10 4 6 0 14 

Reproduction at 50% Concentration Reproduction at 100% 
Rep. Day 3/4 DayS Day 6 Ooy 7 DayS Toto! Rep. Day3!4 DayS Day 6 Day 7 

I _5 6 0 11 0 22 I 5 _0 0 13 
2 5 10 0 12 0 27 2 5 7 0 10 
3 5 10 0 15 0 30 3 4 7 0 14 
4 4 6 0 12 0 22 4 6 7 0 9 
5 5 5 0 13 0 23 5 3 4 0 15 
6 4 6 0 11 0 21 6 2 9 0 15 
7 4 9 0 15 0 28 7 4 8 0 13 
8 4 6 0 12 0 22 8 0 4 0 12 
9 4 10 0 11 0 25 9 2 4 0 11 
\0 4 5 0 12 0 21 10 1 8 0 13 

Concentration' 
DayS TotAl 

0 26 
a 28 
0 25 
0 25 
0 26 
0 25 
0 29 
0 22 
0 23 
0 29 

Concentration 
Ooy • Toto! 

u 22 
0 24 
0 31 
0 21 
0 22 
0 26 
0 28 
0 19 
0 24 
0 24 

Concentration 
Day' TotAl 

0 18 
0 22 
0 25 
0 22 
0 22 
0 26 
0 25 
0 16 
0 17 
0 22 



CHRONIC DEFINITIVE SURVIVAL AND REPRODUCTION TEST 
Statistical Analyses 

CHent: WSRC 
Sample Identification: CSBRP-48-112-R 
Test Date: January 13, 1999 

Test for Normality 

Test Used: Kolmogorov D D= 
critical 

The data are normal in distribution 

Test {or Differences in Reproduction 
Test Type Used: F'uben Exact Test (or Survival 

Test Type Used: t Test for Reproduction 

0.769 
1.035 

tTest Test Concentration 

IMHSF 6.3-;. 11.5% 25.0". 50.0% 

t Value ·2.96 -3.09 -1.79 -1.79 

critical t 2.28 2.28 2.28 2.28 

«produot. I 21.5 25.8 26.1 24.1 24.1 

"""'vol I 100% 100% 100% 100% 100% 

CV- 19% MSD= 

Test Concentration 
6.3-;' 12.5". 25.0% 

""" ..... 
critical value 7S 7S 

NOEC: Survival: >100% Reproduction: 
LOEC: Survival: >100% Reproduction: 

Chronic Value: >I(J()% 

Summary 
The emuent is not acutely toxic. 
The emuent is not chronically toxic. 

7S 

50% 

7S 

»00% 

>100% 

100-;. 

0,00 

2.28 

21.5 
100% 

3.38 

l00Y. 

7S 

Test {or Homogeneity o{Variance 

Test Used: Bartlett's Test B= 
critical 

2.80 
15. I 

The data are homogeneous in variance 

Effluent Conc. vs. Reproduction 

30,-----------------------------, 

~ 25 
E 
Q) 

u. 20 
~ 
Q) 
c. 
Ol 15 
c 
::l 

~ 10 
c 
'" Q) 5 
::;; 

25.8 26.1 
-24.1- ___ 'ZoU ______ _ 

21 21.5 

- -tflniSllofa - - - ofalgnlficanee- - - - - - - - - - - - - - -
• • • • • • 

O.L~~_o~-.~,-~~~~_.~~ MHSF 6.3% 12.5% 25P% 50.0% 100% 
Concentration 



CHRONIC DEFINITIVE SURVIVAL AND REPRODUCTION TEST 
Water Chemistry 

Client: WSRC 
Sample Identification: CSBRP-48-02-R 
Test Date: January 13, 1999 

pH (After Renewal) pH (Before Renewal) 
Test Concentration Test Concentration 

Control 6.25% 12.5% 25% 50% 100% Control 6.25% 12.5% 25% 50% 
Initial 7.70 7.99 7.37 7.44 7.63 6.62 Day I 8.10 7.94 7.94 7.93 7.87 
Day I 7.70 6.86 6.88 6.87 6.77 6.53 Day 2 8.15 8.18 8.19 8.13 8.05 
Day 2 7.79 8.27 8.16 8.08 7.97 7.94 Day 3 8.09 8.13 8.10 7.87 7.78 
Day 3 7.72 7.96 7.86 7.71 8.08 7.29 Day 4 7.97 8.03 7.99 7.99 8.10 
Day 4 7.59 7.73 '7.75 7.65 7.50 7.25 Day 5 8.12 7.90 8.07 8.05 8.02 
Day 5 7.75 7.65 7.53 7.63 7.74 7.70 Day 6 8.02 8.16 7.93 8.15 8.09 
Day 6 7.63 7.96 8.02 7.97 7.68 7.69 Final 7.94 8.15 8.02 8.08 8.10 

Dissolved Oxygen (After Renewal) Dissolved Oxygen (Before Renewal) 
Test Concentration Test Concentration 

Control 6.25% 12.5% 25% 50% 100% Control 6.25% 12.5% 25% 50% 
Initial 8.4 8.3 8.4 8.4 8.4 8.5 Day 1 8.4 8.5 8.5 8.6 8.6 
Day I 8.3 8.6 8.6 8.7 8.6 8.7 Day 2 8.6 8.6 8.6 8.7 8.7 
Day 2 8.5 8.4 8.4 8.5 8.6 8.6 Day 3 8.6 9.0 8.9 9.0 8.9 
Day 3 8.3 8.6 8.8 8.9 8.9 9.0 Day 4 8.3 8.4 8.4 8.5 8.6 
Day 4 8.3 8.8 8.8 8.7 8.8 8.8 Dav 5 8.8 8.6 8.8 8.9 8.9 
DayS 8.3 8.7 8.7 8.7 8.8 8.2 Day 6 8.7 8.6 8.4 8.5 8.4 
Day 6 8.5 8.6 8.6 8.5 8.5 8.5 Final 8.5 8.1 8.2 8.6 8.3 

Temperature 
Date Alkalinity Hardness Conductivity Res.CI. Incubator °C 

1-11-99 38.3 51 135.4 <0.01 Initial 24.9 
1-13-99 35.4 42.8 136.4 0.01 Dav I 25.0 
1-15-99 37.4 53 119.9 0.02 Dav2 24.7 

Dav3 25.0 
Day 4 25.1 
DayS 25.0 
Day 6 25.1 
Final 24.5 

Test Results Reviewed and Approved By: 

100% 
7.84 
7.82 
7.73 
8.06 
7.86 
7.87 
7.79 

100% 
8.6 
8.7 
8.8 
8.5 
8.9 
8.8 
8.3 



APPENDIX 2 

Sediment Toxicity Test Reports 



,------- ----

(864) 877-6942 • FAX (864) 877-6938 

P.O. Box 16414, Greenville, SC 29606 4 Craftsman Court, Greer, SC 29650 

10 DAY AMPHIPOD SEDIMENT TOXICITY TEST 

EP A/600/R-94/024 Method 100.1 

Test Organism: Hyallela azteca 

Client: 
- Sample Identification: 

Test Start Date: 

WSRC 
BKD-sed-l 

1115/99 



10 DAY AMPHIPOD SEDIMENT TOXICITY TEST 

Lab ID# I Client: WSRC Start Date: 1115/99 
Tttl17 I Sample Idtntification: BKD-sed-l End Date: 1/25/99 

Test System 
EPAl600/R-94/024 Method 100.1 

The test was set as a PassIFaii test with a control treatment and one sample treatment. Each treatment replicate 
consisted of 100 g of sediment and 175 mL of dilution water. There were eight replicates for each treatment. Ten 
test organisms were placed in each replicate. Sediment from a local stream was used in the control treatment. Test 
organisms were fed with YCT food. The test was conducted at a temperature of 23°C and a light cycle of 
16 hr light/S hr dark. Test vessels were 500 mL plastic beakers placed in a constant temperature incubator room. 

Test Organisms 
Order: Amphipoda 
Species: Hya/lela az/eca 
Source: EIT Environmental cultures 
Life Stage: 7 to 14 days old 
% Mortality During 48 Hr Prior to Test:: 
Taxonomic Verification: RWK 1115/99 

Culturing: mass cultures 

Obsen'stions: 
Acclimation: 

Cultures healthy 
None 

Control Sediment 
Source: Resurrection Creek 
Collection Date: 1115/99 
Preservation: kept at 0-4°C in plastic 
Datelfime Added to Test Chambers: 1/1SI99@IPM 

Observations: mostly silt 
Collection Method: grab 
Disposal: 

Food Preparation 
Source: YCT 
Purchase Date: Preparation Date: 
Preservation: kept at 0-4°C 
Preparation Method: Trout Chow aerated 7 days 

0% 

Feeding Rate: 
Cerophyl, yeast aerated overnight 

1.5 mL I day I replicate 

Hold Time: 5 days 

Dilution Water 
Type: Resurrection Creek 
Collection Date 1115/99 

Alkalinity 
Hardness 
Conductivity 
pH: 

Preparation Method: 
Grab sample 

Test Sediment 
Source: BKD-sed-I 

Initial 
6.2 mg/L 

8.2 mg/L 

41 umhoslan 

6.16 units 

Collection Date 1/11/99 Homogenized?: 
Preservation: kept at 04°C in plastic 
Daterrime Added to Test Chambers: IIISI'J9@IPM 

Observations: 
Collection Method: grab 
Shipment: ovemi ht 

Test Chambers 
Type: Plastic 500 mL beakers 
Sediment Volume: 100 mL 
Sediment Depth 4 em 
Overlying Water Volume: 
Overlying Water Depth: 
Aeration: Not needed 

175 mL 
5cm 



10 DAY AMPHIPOD SEDIMENT TOXICITY TEST 

Lab 10# Client: W8RC Start Date: 1/15/99 
TIl117 Sample Identification: BKD-sed-l End Date: 1125/99 

WATER CHEMISTRY TEST METHODS 

Temperature: 8M 18th Ed. 2550 
Dissolved Oxygen: 8M 18th Ed. 4500-0 
IpH: 8M 18th Ed. 4500-H+ 

Alkalinity: 8M 18th Ed. 2320 
Hardness: 8M 18th Ed. 2340 
Conductivity: 8M 18th Ed. 2510 

WATER CHEMISTRY TEST DATA - OVERLYING WATER 

CONTROL TREATMENT SAMPLE TREATMENT 
Temp. pH D.O. D.O. Alkalinity Ammonia Temp. pH D.O. D.O. Alkalinity Ammonia 

Test Day C units mg/L % sat. Initial Initial Test Day C units mg/L % sat. Initial Initial 

Start 6.2 Start 6.2 
1 24.0 6.83 8.5 99% Filial Final 1 24.0 6.93 8.5 99% F .... F .... 

2 24.0 7.26 8.4 98% 12.5 0.70 2 24.0 6.66 8.6 100% 4.2 0.42 
3 23.7 7.63 8.4 98% mgll. mgll. 3 23.7 7.47 8.3 97% mgll. mgII. 

4 23.5 6.79 7.8 91% Condo Hardness 4 23.5 6.43 7.8 91% Condo Hardness 

5 23.9 7.70 8.3 97% Initial Initial 5 23.9 7.41 8.2 95% Initial Initial 

6 23.6 7.20 8.5 99% 41 8.2 6 23.6 6.95 8.7 101% 41 8.2 
7 23.2 7.95 7.4 86% Final Final 7 23.2 7.95 8.4 98% Final F"'" 

8 23.2 6.64 8.1 94% 14.3 8 23.2 6.76 8.3 97% 4.1 
9 23.6 7.58 7.9 92% umhostan mg~ 9 23.6 6.54 7.8 91% umhos!an mgII. 

10 Aeration: none 10 7.9 Aeration: none 

SURVIVAL AND GROWTH RESULTS 

CONTROL TREATMENT SAMPLE TREATMENT 
# Organisms Mean Standard # Organisms Mean Standard 

Live at Dead % Length Deviation Live at Dead % Length Deviation 

Initial End at End Survival (mm) Initial End at End Survival (mml 

A 10 10 0 100% A 10 7 3 70% 
B 10 9 I 90% B 10 8 2 80% 
C 10 8 2 80% C 10 8 2 80% 
D 10 8 2 80% D 10 7 3 70% 
E 10 9 I 90% E 10 8 2 80% 
F 10 8 2 80% F 10 6 4 60% 
G 10 10 0 100% G 10 8 2 80% 
H 10 9 1 90% H 10 8 2 80% 
Mean 10.0 89% 0.00 Mean 10.0 75% 0.00 



10 DAY AMPHIPOD SEDIMENT TOXICITY TEST 

Client: WSRC Start Date: 1115/99 
Sample Identification: BKD-sed-I End Date: \/25/99 

RESULTS 

SURVIVAL DATA GROWTH DATA 

Mean of Eight Replicates Mean Length (mm) 

Mean % 
Control 88.8% Control 
Sample 75.0% Sample 

STATISTICAL ANALYSES 

SURVIVAL DATA 

Test for Normality: w~ 

Critical value: 

Data are nonnal in distribution 

Test for Homogeneity of Variance: 
F~ 4.00 

0.89 

0.84 

Critical value: 6.64 

Data are homogeneous in variance 

Test for Differences in Survival: "tot Test 
t= 3.17 

Critical value: 1.75 

The sediment significantly reduced survival 

of the test organisms. 

Principal Analyst: 
Re ort Reviewed B Robert W. Kelle ,Ph.D. 

Test for Normality: 

GROWTH DATA 

w~ NA 

Critical value: 0.64 

Test for Homogeneity of Variance: 
F~ NA 

Critical value: 6.635 

Test for Differences in Survival: "t" Test 
1= NA 

Critical value: 1.94 

COMMENTS 

Signature: Date: 

CONCLUSIONS 

The sediment does adversely affect the sun1ival of freshwater amphipods. 

Mean 
NA 
NA 



(864) 877·6942 • FAX (864) 877.6938 

P.O. Box 16414, Greenville, SC 29606 4 Craftsman Court, Greer, SC 29650 

10 DAY AMPHIPOD SEDIMENT TOXICITY TEST 

EPAJ600/R-94/024 Method 100.1 

Test Organism: Hya\le\a azteca 

Client: 
Sample Identification: 

Test Start Date: 

WSRC 
CBS-4S-01-R 

1115/99 



10 DAY AMPHIPOD SEDIMENT TOXICITY TEST 

Lab 10# Client: WSRC 
T111J6 Sample Identifi.ation, CBS-45-01-R 

Test System 
EPA/600/R-94/024 Method 100.1 

Start Date: 
End Date: 

1/15199 
1/26/99 

The test was set as a PasslFaH test with a control treatment and one sample treatment. Each treatment replicate 
consisted of 100 g of sediment and 175 mL of dilution water. There were eight replicates for each treatment. Ten 
test organisms were placed in each replicate. Sediment from a local stream was used in the control treatment. Test 
organisms were fed with YCT food. The test was conducted at a temperature of 23°C and a light cycle of 
16 hr light/S hr dark. Test vessels were 500 mL plastic beakers placed in a constant temperature incubator room. 

Test Organisms Dilution Water 
Order: Amphipoda Type: Resurrection Creek 
Species: Hyallela azleca Collection Date 1115199 Initial 
Source: ETT Environmental cultures Alkalinity 6.2 mg/L 

Life Stage: 7 to 14 days old Hardness 8.2 mg/L 

% Mortality During 48 Hr Prior to Test:: 
Taxonomic Verification: RWK 1/15/99 

Culturing: mass ~ul tures 

Observations: Cultures healthy 
Acclimation: None 

Control Sediment 
Source: Resurrection Creek 
Colleclion Date: 1115199 
Preservation: kept at 0-4°C in plastic 
Dateffime Added to Test Chambers: IflS/99@IPM 

Observations: mostly silt 
Colleclion Method: grab 
Disposal: 

Food Preparation 
Source: YCT 
Purchase Date: Preparation Date: 
Preservation: kept at 0-4°C 
Preparation Method: Trout Chow aerated 7 days 

0% 

Feeding Rate: 
Cerophyl, yeast aerated overnight 

1.5 mL I day I replicate 

Hold Time: 5 days 

1f 

Conductivity 
pH. 

Preparation Method: 
Grab sample 

Test Sediment 
Source: CBS-45-01-R 
Collection Date 1111/99 Homogenized?, 

41 urnbosIem 

6.16 units 

Preservation: kept at 0-4°C in plastic 
Dateffime Added to Test Chambers: lfISI'J9@IPM 

Observations: sandy 

Collection Method: grab 
Shipment: overnight 

Test Chambers 
Type; Plastic 500 mL beakers 
Sediment Volume: 100 mL 
Sediment Depth 4 cm 
Overlying Water Volume: 175 mL 
Overlying Water Depth: 5 em 
Aeration: Not needed 



10 DAY AMPHIPOD SEDIMENT TOXICITY TEST 

Lab ID# Client: W8RC Start Date: 1115/99 
Tll1l6 Sample [dentifi",,!;.n, CBS-45-O I-R End Date: 1126/99 

WATER CHEMISTRY TEST METHODS 

Temperature: 8M 18th Ed. 2550 
Dissolved Oxygen: SM 18th Ed. 4500-0 
pH: SM 18th Ed. 4500-H+ 

Alkalinity: SM 18th Ed. 2320 
Hardness: 8M 18th Ed. 2340 
Conductivity: 8M 18th Ed. 2510 

WATER CHEMISTRY TEST DATA-OVERLYING WATER 

CONTROL TREATMENT SAMPLE TREATMENT 
Temp. pH D.O. D.O. Alkalinity Ammonia Temp. pH D.O. D.O. Alkalinity Ammonia 

Test Day C units mg/L %5at. Inililll Initial Test Day C units mg/L % sat. Initial Initial 

Start 6.2 Stan 6.2 

I 24.0 6.83 8.5 99% Fmol Final I 24.0 7.36 8.3 97% Fmol FmoI 

2 24.0 7.26 8.4 98% 12.5 0.70 2 24.0 7.11 8.4 98% 25.0 0.10 

3 23.7 7.63 8.4 98% mgll mgll 3 23.7 7.96 8.5 99% mgIl -4 23.5 6.79 7.8 91% Condo Hardness 4 23.5 6.73 8.2 95% Condo Hardness 

5 23.9 7.70 8.3 97% lnitial Initial 5 23.9 7.17 8.2 95% [nitial Initial 

6 23.6 7.20 8.5 99% 41 8.2 6 23.6 7.45 8.6 100% 41 8.2 

7 23.2 7.95 7.4 86% Final Final 7 23.2 7.67 7.8 91% F1ou1 FmoI 

8 23.2 6.64 8.1 94% 14.3 8 23.2 7.26 8.6 100% 18.4 

9 23.6 7.58 7.9 92% umhosJan mgll 9 23.6 7.92 7.2 84% umhoslcm mgIl 

10 Aeration: none 10 Aeration: none 

SURVIVAL AND GROWTH RESULTS 

CONTROL TREATMENT SAMPLE TREATMENT 
# Organisms Mean Standard # Organisms Mean Standard 

Live at Dead % Length Deviation Live at Dead % Length Deviation 

Initial End at End Survival (mm) Initial End at End Survivru (mm) 

A 10 10 0 100% A 10 7 3 70% 
B 10 9 I 90% B 10 6 4 60% 
C 10 8 2 80% C 10 8 2 80% 
D 10 8 2 80% D 10 5 5 50% 
E 10 9 1 90% E 10 7 3 70% 
F 10 8 2 80% F \0 7 3 70% 
G 10 10 0 100% G 10 8 2 80% 
H 10 9 1 90% H 10 7 3 70% 
Mean 10.0 89% 0.00 Mean 10.0 69% 0.00 



10 DAY AMPHIPOD SEDIMENT TOXICITY TEST 

Lab ID# Client: WSRC 
T11116 Sample Identifi",U.n: CBS-45-O I-R 

RESULTS 

SURVIVAL DATA 

Mean of Eight Replicates 
Mean % 

Control 88.8% Control 
Sample 68.8% Sample 

Start Date: 
End Date: 

1115/99 
1126/99 

GROWTH DATA 

Mean Lengtb (mm) 

STATISTICAL ANALYSES 

SURVIVAL DATA 

Test for Normality: W= 
Critical val.ue: 

Data are normal in distribution 

Test for Homogeneity of Variance: 
F= 2.52 

0.9t 

0.84 

Critical value: 6.64 

Data are homogeneous in variance 

Test for Differences in Survival: ~t" Test 

t= 3.97 

Critical value: 
The sediment significantly reduced survival 

of the test organisms. 

1.75 

Robert W. Kelley, PhD. 

GROWTH DATA 

Test for Normality: W= NA 

Critical value: 0.84 

Test for Homogeneity of Variance: 
F= NA 

Critical vallie: 6.635 

Test for Differences in Survival: "t" Test 

1= NA 

Critical value: 1.94 

COMMENTS 

Signature: Date: 
Si nature: Date: 

CONCLUSIONS 

The sediment does adversely affect the survival of freshwater amphipods. 

Mean 
NA 
NA 



(864) 877-6942 • FAX (864) 877-6938 

P_O_ Box 16414, Greenville, SC 29606 4 Craftsman Court, Greer, SC 29650 

10 DAY AMPIDPOD SEDIMENT TOXICITY TEST 

EPAJ6001R-94/024 Method 100.1 

Test Organism: Hyallela azteca 

Client: 
Sample Identification: 

Test Start Date: 

WSRC 
CSB-46-0 l-R 

1115/99 



10 DAY AMPHIPOD SEDIMENT TOXICITY TEST 

Client: WSRC Start Date: 1115/99 
Sample Identification: CS8-46-0 t-R End Date: 1/25/99 

Test System 
EPAl600/R-94/024 Method 100.1 

The test was set as a PasslFail test with a control treatment and one sample treatment. Each treatment replicate 
consisted of 100 g of sediment and 175 mL of dilution water. There were eight replicates for each treatment. Ten 
test organisms were placed in each replicate. Sediment from a local stream was used in the control treatment. Test 
organisms were fed with yeT food. The test was conducted at a temperature of 23°C and a light cycle of 
16 hr light/8 hr dark. Test vessels were 500 mL plastic beakers placed in a constant temperature incubator room. 

Test Organisms Dilution Water 
Order: Amphipoda Type: Resurrection Creek 
Species: Hyallela az/eca Collection Date 1115/99 Initial 
Source: ETI Environmental cultures Alkalinity 6.2 
Life Stage: 7 to 14 Day Old Hardness 8.2 

mg/L 

mg/L 

% Mortality During 48 Hr Prior to Test:: 0% Conductivity 41 l1lIIhos/cm 

Taxonomic Verification: RWK 1/15/99 pH: 6.16 units 

Culturing: mass cultures 

Preparation Metbod: 
Grab sample 

Observations: Cultures healthy 
Acclimation: None 

Control Sediment Test Sediment 
Source: Resurrection Creek Source: CSB-46-01-R 
Collection Date: 1115/99 Collection Date 1/11199 Homogenized?: 

Preservation: kept at 0_4°C in plastic Preservation: kept at 0-4°C in plastic 
DatelTime Added to Test Chambers: IIISiW@IPM DatelTime Added to Test Cbambers: JlISiW@IPM 

Observations: mostly silt Observations: sandy 

Collection Method: grab Collection Metbod: grab 
Disposal: Shipment: overnight 

Food Preparation Test Chambers 
Source: YCT Type: Plastic 500 mL beakers 
Purchase Date: Preparation Date: Sediment Volume: 100mL 
Preservation: kept at 0-4°C Sediment Depth 4 em 
Preparation Method: Trout Chow aerated 7 days Overlying Water Volume: 175 mL 

Cerophyl, yeast aerated overnight Overlying Water Deptb: 5cm 
Feeding Rate: 1.5 mL 1 day 1 replicate Aeration: Not needed 

Hold Time: 5 days 



---------------------------------------- ---- -------- ---, 

10 DAY AMPHIPOD SEDIMENT TOXICITY TEST 

Lab ID# Client: WSRC Start Date: 1115/99 
TlI1l3 Sample Identifiea';.n, CSB-46-01-R End Date: 1125/99 

WATER CHEMISTRY TEST METHODS 

Temperature: SM 18th Ed. 2550 
Dissolved Oxygen: SM 18th Ed. 4500-0 
IpH: SM 18th Ed. 4500-H+ 

Alkalinity: SM 18th Ed. 2320 
Hardness: SM 18th Ed. 2340 
Conductivity: SM 18th Ed. 2510 

WATER CHEMISTRY TEST DATA - OVERLYING WATER 

CONTROL TREATMENT SAMPLE TREATMENT 
Temp. pH D.O. D.O. Alkalinity Ammonia Temp. pH D.O. D.O. Alkalinity Ammonia 

Test Day C units mgIL % sat. lIliti .. Initial Test Day C units mgIL % sat. Initial mitil! 

Start 6.2 Start 6.2 

I 24.0 6.83 8.5 99% Final Final I 24.0 7.23 8.2 95% Final F ... 

2 24.0 7.26 8.4 98% 12.5 0.70 2 24.0 6.94 8.4 98% 14.5 0.21 
3 23.7 7.63 8.4 98% mgJ\. mgJL 3 23.7 6.96 8.4 98% mgJ\. mgJL 

4 23.5 6.79 7.8 91% Condo Hardness 4 23.5 6.79 8.1 94% Condo Hardriess 

5 23.9 7.70 8.3 97% Initial lrunt! 5 23.9 7.40 8.2 95% lnilia! lnhial 

6 23.6 7.20 8.5 99% 41 8.2 6 23.6 7.26 8.6 100% 41 8.2 

7 23.2 7.95 7.4 86% Fi"" Fm" 7 23.2 7.34 8.0 93% Final Fm. 

8 23.2 6.64 8.1 94% 14.3 8 23.2 6.96 8.6 100% 12.2 
9 23.6 7.58 7.9 92% umhoslcm mgJ\. 9 23.6 7.37 7.8 91% umhosJcm mgJ\. 

10 Aerotion: none 10 Aeration: none 

SURVIVAL AND GROWTH RESULTS 

CONTROL TREATMENT SAMPLE TREATMENT 
# Organisms Mean Standard # Organisms Mean Standard 

Live at Dead % Length Deviation Live at Dead % Length Deviation 

Initial End at End Survival (mm) Initial End at End Survival (mm) 

A 10 10 0 100% A 10 N/A N/A NA 
B 10 9 1 90% B 10 8 2 80% 
C 10 8 2 80% C 10 7 3 70% 
D 10 8 2 80% D 10 9 I 90% 
E 10 9 I 90% E 10 7 3 70% 
F 10 8 2 80% F 10 6 4 60% 
G 10 10 0 100% G 10 10 0 100% 
H 10 9 I 90% H 10 10 0 100% 
Mean 10.0 89% 0.00 Mean 10.0 81% 0.00 

it 



10 DAY AMPHIPOD SEDIMENT TOXICITY TEST 

Client: WSRC Start Date: 1/15/99 
Sample Identification: CSB-46-0 l-R End Date: 1125/99 

RESULTS 

SURVIVAL DATA GROWTH DATA 

Mean of Eight Replicates Mean Length (mm) 
Mean % 

Control 88.8% Control 
Samj>le 81.4% Sam!'ie 

STATISTICAL ANALYSES 

SURVIVAL DATA 

Test for Normality: w~ 

Critical value: 

Data are nonnal in distribution 

Test for Homogeneity of Variance: 
F~ 2.28 

0.90 

0.84 

Critical value: 6.64 

Data are homogeneous in variance 

Test for Differences in Survival: "t" Test 

t= 0.75 

Critical value: 1.75 

The sediment did not significantly reduce survival 

of the test organisms. 

Principal Analyst: 
Re ort Reviewed By: Robert W. Kelle ,Ph.D. 

Test for Normality: 

GROWTH DATA 

w~ NA 

Critica1 value: 0.84 

Data are not normal in distribution 

Test for Homogeneity of Variance: 
F~ NA 

Critical vaJue: 6.635 

Data are homogeneous in variance 

Test for Differences in Survival: "to Test 

t= NA 

Critical value: 1.94 

COMMENTS 

Signature: Date: 
Si nature: Date: 

CONCLUSIONS 

The sediment does ~d;erSeIY affect the survival of freshwater amphipods~ 
1\ 

Mean 

NA 
NA 



(864) 877·6942 • FAX (864) 877-6938 

P.O. Box 16414, Greenville, SC 29606 4 Craftsman Court, Greer, SC 29650 

10 DAY AMPHIPOD SEDIMENT TOXICITY TEST 

EPAl600/R-94/024 Method 100.1 

Test Organism: Hyalle\a azteca 

Client: 
'Sample Identification: 

Test Start Date: 

-.J/ 

WSRC 
CBS-47-01-R 

1115/99 



10 DAY AMPHIPOD SEDIMENT TOXICITY TEST 

Client: WSRC Start Date: 1115/99 
Sample Identification: CBS-47-01-R End Date: 1/25/99 

Test System 
EP A/600/R-94/024 Method tOO. 1 

The test was set as a PasslFaii test with a control treatment and one sample treatment. Each treatment replicate 
consisted of tOO g of sediment and 175 mL of dilution water. There were eight replicates for each treatment. Ten 
test organisms were placed in each replicate. Sediment from a local stream was used in the control treatment. Test 
organisms were fed with YCT food. The test was conducted at a temperature of 23°C and a light cycle of 
16 hr light/8 hr dark. Test vessels were 500 mL plastic beakers placed in a constant temperature incubator room. 

Test Organisms 
Order: Amphipoda 
Species: Hyallela azteca 
Source: ETT Environmental cultures 
Life Stage: 1 to 14 days old 

% Mortality During 48 Hr Prior to Test:: 
Taxonomic Verification: RWK 1/15/99 

Cultnring: mass cultures 

Observations: Cultures healthy 
Acclimation: None 

Control Sediment 
Source: Resurrection Creek 
Collection Date: 1/15/99 
Preservation: kept at 0-4°C in plastic 
Dateffime Added to Test Chambers: IIIS/99@IPM 

Observations: mostly silt 
Collection Method: grab 
Disposal: 

Food Preparation 
Source: YCT 
Purchase Date: Preparation Date: 
Preservation: kept at 0-4°C 
Preparation Method: Trout Chow aerated 7 days 

0% 

Feeding Rate: 
CerophyJ, yeast aerated overnight 

1.5 roL I day I replicate 

Hold Time: 5 days 

Dilution Water 
Type: Resurrection Creek 
Collection Date 1115/99 

Alkalinity 
Hardness 
Conductivity 
pH: 

Preparation Method: 
Grab sample 

Test Sediment 
Source: CBS-47-01-R 

Initial 
6.2 mg/L 

8.2 mg/L 

41 umbosIcm 

6.16 units 

Collection Date til 1/99 Homogenized?: 

Preservation: kept at 0-4°C in plastic 
Daterrime Added to Test Chambers: 1/ISf99@JPM 

Observations: sandy 

Collection Method: grab 
Shipment: ovemi~ht 

Test Chambers 
Type: Plastic 500 mL beakers 
Sediment Volume: toO mL 
Sediment Depth 4 cm 
Overlying Water Volume: 175 mL 
Overlying Water Depth: Scm 
Aeration: Not needed 



10 DAY AMPHIPOD SEDIMENT TOXICITY TEST 

Client: WSRC Start Date: 1/15/99 
Sample Identification: CBS-4 7 -0 I-R End Date: 1125/99 

WATER CHEMISTRY TEST METHODS 

Temperature: SM 18th Ed. 2550 
Dissolved Oxygen: SM 18th Ed. 4500-0 
ipH: SM 18th Ed. 4500-H+ 

Alkalinity: SM 18th Ed. 2320 
Hardness: SM 18th Ed. 2340 
Conductivity: SM 18th Ed. 2510 

WATER CHEMISTRY TEST DATA - OVERLYING WATER 

CONTROL TREATMENT SAMPLE TREATMENT 
Temp. pH D.O. D.O. Alkalinity Ammonia Temp_ pH D.O. D.O. Alkalinity Ammonia 

Test Day C units mg/L % sat Initial Initial Test Day C units mg/L % sat. Initial lnitit! 

Start 6.2 Start 6.2 

1 24.0 6.83 8.5 99% Fi"" Final 1 24.0 7.67 8.4 98% Fm" F~ 

2 24.0 7.26 8.4 98% 12.5 0.70 2 24.0 6.93 8.8 102% 8.3 0.11 

3 23.7 7.63 8.4 98% - mgIL 3 23.7 7.27 8.6 100% - -4 23.5 6.79 7.8 91% Condo Hardness 4 23.5 7.08 8.0 93% Condo Hardness 
5 23.9 7.70 8.3 97% Initial Initial 5 23.9 7.50 8.1 94% Initial Initial 

6 23.6 7.20 8.5 99% 41 8.2 6 23.6 7.58 8.7 101% 41 8.2 

7 23.2 7.95 7.4 86% F~ Fioul 7 23.2 7.01 8.1 94% Final F~ 

8 23.2 6.64 8.1 94% 14.3 8 23.2 7.48 8.5 99% 8.2 
9 23.6 7.58 7.9 92% umhoslcm mgIL 9 23.6 7.10 8.5 99% umhoslcm -10 Aeration: none 10 Aeration: none 

SURVIVAL AND GROWTH RESULTS 

CONTROL TREATMENT SAMPLE TREATMENT 
# Organisms Mean Standard # Organisms Mean Standard 

Live at Dead % Length Deviation Live at Dead % Length Deviation 
Initial End at End Survival (mm) Initial End at End Survival (mm) 

A 10 10 0 100% A 10 8 2 80% 
B 10 9 1 90% B 10 10 0 100% 
C 10 8 2 80% C 10 7 3 70% 
D 10 8 2 80% D 10 7 3 70% 
E 10 9 I 90% E 10 9 I 90% 
F 10 8 2 80% F 10 7 3 70% 
G 10 10 0 100% G 10 6 4 60% 
H 10 9 I 90% H 10 7 3 70% 
Mean 10.0 89% 0.00 Mean 10.0 76% 0.00 



10 DAY AMPHIPOD SEDIMENT TOXICITY TEST 

Client: WSRC Start Date: 1115/99 
Sample Identification: CBS-4 7 -0 l-R End Date: 1125/99 

RESULTS 

SURVIVAL DATA GROWTH DATA 

Mean of Eight Replicates Mean Length (nun) 
Mean % 

Control 88.8% Control 
Samyle 76.3% Sample 

STATISTICAL ANALYSES 

SURVIVAL DATA 

Test for Normality: W= 

Critical value: 

Data are normal in distribution 

Test for Homogeneity of Variance: 
F= 1.43 

B.66 

0.64 

Critical value: 6.64 

Data are homogeneous in variance 

Test for Differences in Survival: "t" Test 

1= 1.84 

Critical value: 1.75 

The sediment significantly reduced survival 

of the test organisms. 

Principal Analyst: 
Re ort Reviewed B Robert W. Kelle ,Ph.D. 

Test for Normality: 

GROWTH DATA 

W= NA 

Critical value: 0.64 

Test for Homogeneity of Variance: 
F= NA 

Critical value: 6.635 

Test for Differences in Survival: "'t~ Test 

1= NA 

Critical value: 1.94 

COMMENTS 

Si nature: Date: 

CONCLUSIONS 

The sediment does adversely affect the survival of freshwater amphipods. 

Mean 
NA 
NA 



(864) 877-6942 • FAX (864) 877-6938 

P_O_ Box 16414, Greenville, SC 29606 4 Craftsman Court, Greer, SC 29650 

10 DAY AMPIDPOD SEDIMENT TOXICITY TEST 

EPAl600!R-94/024 Method 100_1 

Test Organism: HyalleJa azteca 

Client: 
Sample Identification: 

Test Start Date: 

WSRC 
CBS-48-01-R 

1115/99 



10 DAY AMPHIPOD SEDIMENT TOXICITY TEST 

Lab ID# Client: WSRC 
Tll1l5 Sample Identifica"on: CBS-48-0 I-R 

Start Date: 
End Date: 

1115199 
1125199 

Test System 
EP Af6001R-941024 Method 100.1 

The test was set as a PasslFail test with a control treatment and one sample treatment. Each treatment replicate 
consisted of 100 g of sediment and 175 mL of dilution water. There were eight replicates for each treatment. Ten 
test organisms were placed in each replicate. Sediment from a local stream was used in the control treatment. Test 
organisms were fed with YCT food. The test was conducted at a temperature of 23°C and a light cycle of 
16 hr lightl8 hr dark. Test vessels were 500 mL plastic beakers placed in a constant temperature incubator room. 

Test Organisms 
Order: Amphipoda 
Species: Hyallela az/eca 
Source: ETI Environmental cultures 
Life Stage: 7 to 14 days old 
% Mortality During 48 Hr Prior to Test:: 
Taxonomic Verification: RWK 1115/99 

Culturing: mass cultures 

Observations: Cultures healthy 
Acclimation: None 

0% 

Dilution Water 
Type: Resurrection Creek 
Collection Date 1115199 Initial 

Alkalinity 6.2 mg/l. 

Hardness 8.2 mgIL 

Conductivity 41 umhosIcm 

pH: 6.16 units 

Preparation Method: 
Grab sample 

Control Sediment Test Sediment 
Source: Resurrection Creek Source: CBS-46-0 I-R 
Collection Date: 1115199 Collection Date 1111199 HomogenIzed?: 

Preservation: kept at 0_4°C in plastic Preservation: kept at 0-4°C in plastic 
Date/fime Added to Test Chambers: 11ISf99@IPM Daterrime Added to Test Chambers: IflSI99@lPM 

Observations: mostly silt Observations: sandy 

Collection Method: grab Collection Method: grab 
Disposa~I:~ ________________________________ -J~S~h~i~m~en~t~: ____ ~o~ve~m~l~'~h~t ____________________ ~ 

Food Preparation 
Source: YCT 
Purchase Date: Preparation Date: 
Preservation: kept at 0-4°C 
Preparation Method: Trout Chow aerated 7 days 

Cerophyl, yeast aerated overnight 

Feeding Rate: 1.5 mL I day I replicate 

Test Chambers 
Type: Plastic 500 mL beakers 
Sediment Volume: 100 mL 
Sediment Depth 4 em 
Overlying Water Volume: 
Overlying Water Depth: 
Aeration: Not needed 

175 mL 
Scm 

HoldTI~'m~e~: ____ 5~da~s ______________________ -JL ____________________________________ ~ 



10 DAY AMPHIPOD SEDIMENT TOXICITY TEST 

Lab ID# Client: W8RC Start Date: 1115199 
TlII15 Sample Id.n,ificaUon: CBS-48-01-R End Date: 1/25199 

WATER CHEMISTRY TEST METHODS 

Temperature: SM 18th Ed. 2550 
Dissolved Oxygen: SM 18th Ed. 4500-0 
IpH: SM 18th Ed. 4500-H+ 

Alkalinity: SM 18th Ed. 2320 
Hardness: 8M 18th Ed. 2340 
Conductivity: 8M 18th Ed. 2510 

WATER CHEMISTRY TEST DATA-OVERLYING WATER 

CONTROL TREATMENT SAMPLE TREATMENT 
Temp. pH D.O. D.O. Alkalinity Ammonia Temp. pH D.O. D.O. Alkalinity Ammonia 

Test Day C units mg/L % sat. Initial Initial Test Day C units mg/L % sat. Initial Initial 

Start 6.2 Start 6.2 

I 24.0 6.83 8.5 99% Final Final I 24.0 6.64 8.3 97% F." A"" 
2 24.0 7.26 8.4 98% 12.5 0.70 2 24.0 6.54 8.7 101% 10.4 0.65 
3 23.7 7.63 8.4 98% mgll. mgll. 3 23.7 7.00 8.7 101% - -4 23.5 6.79 7.8 91% Condo Hardness 4 23.5 6.93 8.1 94% Condo Hardness 

5 23.9 7.70 8.3 97% Initial Initial 5 23.9 6.95 8.2 95% lnilia! Inititl 

6 23.6 7.20 8.5 99% 41 8.2 6 23.6 7.24 8.6 100% 41 8.2 

7 23.2 7.95 7.4 86% F •• Final 7 23.2 7.67 8.1 94% Final Fm" 

8 23.2 6.64 8.1 94% 14.3 8 23.2 6.58 8.5 99% 10.2 
9 23.6 7.58 7.9 92% umhos/cm mgll. 9 23.6 7.08 7.6 88% umhosJcm -10 Aeration: none 10 Aeration: none 

SURVIVAL AND GROWTH RESULTS 

CONTROL TREATMENT SAMPLE TREATMENT 
# Organisms Mean Standard # Organisms Mean Standard 

Live at Dead % Length Deviation Live at Dead % Length Deviation 

Initial End at End Survival (mm) Initial End at End Survival (mm) 

A 10 10 0 100% A 10 9 I 90% 
B 10 9 I 90% B 10 7 3 70% 
C 10 8 2 80% C 10 7 3 70% 
D 10 8 2 80% D 10 3 7 30% 
E 10 9 I 90% E 10 5 5 50% 
F 10 8 2 80% F 10 10 0 100% 
G 10 10 0 100% G 10 5 5 50% 
H 10 9 I 90% H 10 8 2 80% 
Mean 10.0 89% 0.00 Mean 10.0 68% 0.00 



10 DAY AMPHIPOD SEDIMENT TOXICITY TEST 

Lab ID# Client: WSRC 
TIllIS Sample Identification: CBS-48-01-R 

SURVIVAL DATA 

Mean of Eight Replicates 

Control 
Sample 

RESULTS 

Mean % 

88.8% Control 
67.5% Sample 

Start Date: 
End Date: 

11\5/99 
\/25/99 

GROWTH DATA 

Mean Length (mm) 

STATISTICAL ANALYSES 

SURVIVAL DATA 

Test for Normality: W= 

Critical value: 

Data are normal in distribution 

Test for Homogeneity of Variance: 
F= 3.03 

Critical value: 

0.95 

0.84 

6.64 

Data are homogeneous in variance 

Test for Differences in Survival: "t" Test 

t= 2.18 

Critical value: 1.75 

The sediment significantly reduced survival 

of the test organisms. 

Robert W. Kell ,Ph.D. 

GROWTH DATA 

Test for Normality: W= NA 

Critical value: 0.64 

Test for Homogeneity of Variance: 
F= NA 

Critical value: 6.635 

Test for Differences in Survival: "t" Test 

t= NA 

Critical vaJue: 1.94 

COMMENTS 

Signatnre: Date: 
Si nature: Date: 

CONCLUSIONS 

The sediment does adversely alTect the survival of freshwater amphipods. 

Mean 

0.00 
0.00 



APPENDIX 3 

Results of Statistical Analyses for Sediment Toxicity Tests, 
Using SRS Background Sediment as the Control 



Mortality (# dead out of 10 organisms) 
Replicate 
A 

ETT Control SRS Control CSBRP..45 CSBRP-46 CSBRP..47 CSBRP..48 
100 70 70 NA 80 90 

B 90 80 60 80 100 70 
C 80 80 80 70 70 70 
D 80 70 50 90 70 30 
E 90 80 70 70 90 50 
F 80 60 70 60 70 100 
G 100 80 80 100 60 50 
H 90 80 70 100 70 80 
Mean Mortality 88.75 75.00 68.75 81.43 76.25 67.50 

t-Test: Two-Sample Assuming Equal Variances 

SRS Control CSBRP-45 
Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean Diffe 
df 
t Stat 
P(T <=t) one-tail 
t Critical one-tail 
P(T <=t) two-tail 
t Critical two-tail 

75 
57.14285714 

8 
77.67857143 

o 
14 

1.418271572 
0.088993255 

1.76130925 
0.177986511 
2.144788596 

68.75 
98.2142857 

8 

I-Test: Two-Sample Assuming Equal Variances 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean Diffe 
df 
t Stat 
P(T <=t) one-tail 
t Critical one-tail 
P(T <=t) two-tail 
t Critical two-tail 

SRS Control 
75 

57.14285714 
8 

145.0549451 
o 

13 
-1.03132748 
0.160596844 
1 .770931704 
0.321193687 
2.16036824 

CSBRP-46 
81.4285714 
247.619048 

7 

t Statististic is less than Critical T, 
cannot reject Ho: groups equal 
(Le., no Significant difference in % 
survival) 

t Statististic is less than Critical T, 
cannot reject Ho: groups equal 
(Le., no Significant difference in % 
survival) 



t-Test: Two-Sample Assuming Equal Variances 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean Diffe 
df 
t Stat 
P(T <=t) one-tail 
t Critical one-tail 
P(T <=t) two-tail 
t Critical two-tail 

SRS Control 
75 

57.14285714 
8 

113.3928571 
o 

14 
-0.23477246 
0.40889216 
1.76130925 
0.81778432 

2.144788596 

CSBRP-47 
76.25 

169.642857 
8 

t-Test: Two-Sample Assuming Equal Variances 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean Diffe 
df 
t Stat 
P(T <=t) one-tail 
t Critical one-tail 
P(T <=t) two-tail 
t Critical two-tail 

SRS Control 
75 

57.14285714 
8 

296.4285714 
o 

14 
0.871226804 
0.199162216 

1.76130925 
0.398324431 
2.144788596 

CSBRP-48 
67.5 

535.714286 
8 

(PI 

t statististic is less than Critical T, 
cannot reject Ho: groups equal 
(i.e., no significant difference in % 
survival) 

t Statististic is less than Critical T, 
cannot reject Ho: groups equal 
(i.e., no significant difference in % 
survival) 


