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1.0 EXECUTIVE SUMMARY

Water and contaminants from the F- and H-Area Seepage Basins (804-41G, 904-42G,
-804-43G, 904-44G, 904-45G, 904-46G, and 904-56G) outcrop as shallow groundwater
seeps downgradient from the basins. In 1990, 1991, 1993, 1994, and 1995, toxicity
tests were performed on water collected from a number of these seeps, as well as from
several locations in Fourmile Branch and several uncontaminated reference locations.

In all, water from 21 locations was tested. The results of the toxicity tests indicated that
most of the seeps were toxic to some extent, but that water from Fourmile:Branch in the -
vicinity of the F/H seeps was usually not toxic. The toxicity of the seeps appeared to be
variable, probably due to dilution by rainfall. Most of the reference locations were also
toxic, but usually were less toxic than the F/H seeps. Toxicity Identification Evaluations
(TIE's) performed on representative seeps in 1994 and 1995 indicated that the toxicity
at the F-Area seeps was due to aluminum, cadmium, and possibly iron. The toxicity at
the H-Area seeps was most likely due to a volatile toxicant, but the specific toxicant
could not be identified because the toxicity disappeared midway through the TIE.
Toxicity investigations conducted on water from Fourmile Branch upstream from all
SRS inputs, and on an uncontaminated reference seep indicated that both locations
were toxic due to naturally occurring concentrations of iron.

2.0 INTRODUCTI_ON

From 1955 until 1988, wastewater from F- and H-Area Seepage Basins (904-41G, 904-
42G, 904-43G, 904-44G, 904-45G, 904-46G, and 904-56G; Figures 1.and 2) of the
Savannah River Site (SRS) was discharged to the F and H seepage basins. Water and
contaminants from the basins continue to outcrop as shallow groundwater seeps
downgradient from the basins and flow into Fourmile Branch (FMB).. In order to

- determine if the seep water from the basins is impacting FMB or its adjacent wetlands,
toxicity tests were performed on water samples collected from 11 of the seeps, and five
locations in FMB between 1990 and 1995. In addition, five uncontaminated locations
were tested for reference purposes. ’

3.0 SITE DESCRIPTION
3.1 F/H Seepage Basins

The F- and H-Area Seepage Basins consisted of seven seepage basins that occupied
approximately 22 acres in the General Separations Area (GSA) of the Savannah River
Site (SRS). The basins were constructed and began operations in 1955. The F-Area
Seepage Basins consisted of three unlined basins that were hydraulically connected by
vitrified clay process sewers. The F-Area basins received wastewater discharges from
the tritium cooling water facilities, nitric acid recovery overheads, general purpose
evaporator overheads, and retention basin transfers (Killian et al., 1987a). Discharges
to the F-Area basins ceased in 1988 and the basins were drained and covered with
impermeable clay caps in 1990.

The H-Area Seepage Basins also consisted of three unlined basins. In 1962, however,
one basin was replaced by a fourth basin. The H-Area basins received wastewater
from the same sources as the F-Area basins, but in addition, received discharges from
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the two H-Area tank farm evaporators and the receiving basins for Offsite Fuels Facility
(Killian et al., 1987b). Discharges to the H-Area basins terminated in 1988 and the
_basins were capp‘ed in 1991.

The F/H seepage basins received discharges of solutions containing sodium hydroxide,
nitric acid, low levels of radionuclides (mostly tritiated water) and some metals as part
of normal operations (Killian et al., 1987a,b). Because the basins were unlined,
chemical and radiological constituents from the basin seeped to the underlying water
table. In 1990 and 1991, the basins were closed and capped; however, contaminated
groundwater continues to outcrop as seeps in areas downgradient from the basins.
Numerical simulations of flow in the hydrologic system underlying the basins indicate
that travel times for unretarded constituents from the basins to FMB is on the order of
ten years (Haselow et al., 1990)

Looney et al. (1988) collected water samples from FMB and its associated seeps. They
concluded that sodium, nitrate, and hydrogen ions had migrated from the seepage
basins to the seeps and were affecting the bulk chemistry of the seepwater. They also
reported that several elements (most notably aluminum, calcium and copper) were
leaching from the soil, due to low pH that resulted from releases of mtnc acid to the’
basins. - : :

Haselow et al. (1990) collected soil cores and water samples from FMB and its seeps in
1988 and 1989 as a follow-up to the Looney et al. (1988) study. This study found
elevated concentrations of aluminum, cadmium, iron, manganese, sodium, and nitrate,
as well as elevated levels tritium, gross alpha, non-volatile beta, and several
radionuclides. These studies confirmed that contaminants migrating from the seepage
basins were impacting the water chemistry along the F- and H-Area seeplines and
FMB. v

Water quality surveys of FMB and its associated seeps conducted in the vicinity of the
F/H seepage basins in 1993 and 1994 indicated elevated levels of tritium, aluminum,
barium, calcium, iron, magnesium, manganese, sodium, zinc, chloride, and nitrate at
numerous sampling locations (Chapell et al., 1995).

3.2 Description of the Environment

The F/H area occupies approximately 194 acres on a nearly flat divide between Upper
Three Runs (UTR) to the north and FMB to the south. The surface topography
generally slopes to the south. The environment in the vicinity of the F/H seepage
basins provides habitat for a diverse flora and fauna. Immediately downslope from the
basins is old field herbaceous scrub/shrub habitat which transitions into upland forest.
The upland forest intergrades into lowland forest vegetation at the seepline where
groundwater surfaces and flows into bottomland wetlands that are adjacent to FMB.
FMB is a second prder blackwater stream that originates east of Road F and flows
generally southwest to the Savannah River. The stream currently receives effluent
discharges from F and H Areas and treated sanitary discharges from most of the SRSG.
From 1955 to 1985, it also received thermal discharges from C-Reactor, which were
discharged to the stream approximately 7 km downstream from the F/H Seepage
Basins area. : ~




4.0 SAMPLING LOCATIONS AND DATES : |

Between 1990 and 1994, water samples for toxicity testing were collected from a total
“of 21 locations, including five seeps in the vicinity of the F-Area seepage basins, six
seeps in the vicinity of the H-Area seepage basins, five locations in FMB, one reference
location in UTR, and four reference seep locations (Table 1; Figures 1 through 3).

Table 1. Sampling Locations for F/H Seepline Tbxicity Testing | ]

Sampling Locations SRS Coordinates

North East
FSP-012 (F-5) ‘ 73602 ‘ 49644
FSP-032 (F-6) , 73367 50258
FSP-047 : 73609 50607
FSP-204 ' 73281 . . 48801
FSP-256 ' 73435 47770
HSP-008 71008 - 56980
HSP-020 71142 56489
HSP-043 (H-4) - o 71644 55722 .
HSP-060 71629 55190
HSP-103 . 72448 53665
H-6 > 71041 - 56394 -
FMC-001F (SCE&G power llne) 70350 57050
FMC-001H (Road 4) 72600 : 53000
FMC-002H (Road C) ' 72200 ' 43900 .
FMC Road C4 - 72610 48812
FMC-Road A-7 ' - 69279 v ~ 40079
UTR-022 : 74990 61270
UTR-029 74855 ' 60792
UTR-116 79665 59050
BGW-045 (BGS-003) 94651 . 82775
UTR Railroad Bridge near Rd. C 83358 51854

FSP = F-Area seeps

HSP = H-Area seeps

UTR = Upper Three Runs and reference seeps in UTR drainage
BGW = Background Water (reference location)

Toxicity tests were first conducted in 1990 at six locations, including two F-Area seeps,
two H-Area seeps, and two locations in FMB (Table 2). The seep locations were
selected to be representative seeps, based on water chemistry analyses conducted by
Haselow et al. (1990). Fourmile Branch at Road C was selected because itwas
downstream from the H-Area seeps, but upstream from the F-Area seeps, while FMB
at Road C-4 was selected because it was downstream from the H-Area seeps and most
of the F-Area seeps.
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Table2.  Toxicity Testing Locations and Dates, 1990-1994

Location May-Jun 90 Nov-Dec 90  Jul-91 Sep-93  Apr-Jun 94
FSP-012 X X - X ' X -
FSP-032 ) X - X -
FSP-047 - - -
FSP-204 - \ - - -
FSP-256 - - -
HSP-008 - ‘ - _ -
HSP-020 - - .
HSP-043
HSP-060 - - -
HSP-103 :
H-6 .

FMB Road 4
FMBRoad C
FMB Road C-4
FMB SCE&G Line
FMB Road A-7
UTR-022 - - .-
UTR-029 , - - -
UTR-116 - - -
BGW-045 - - -
UTR RR Bridge - - -

|-><|x|'.

x
X
)

X 1 X
'

X X 1 X

o

X

:><:><><><-><>< '><4><><><><><
'

]
XXX XX 1 X

FSP = F-Area seeps
HSP = H-Area seeps
" FMC = Fourmile Branch
UTR = Upper Three Runs/reference seeps in UTR drainage
BGW = Background Water (reference location)

Subsequent testing was conducted at most of these same locations in November-
December 1990 (Korthals, 1991), except that FMB was sampled at Road A-7 rather
than at Road C-4 because Road A-7 is downstream from all of the F and H-Area
seepage areas. In July 1991, a toxicity test was repeated at Road A-7 (Normandeau,
1991) because this creek location had failed the toxicity test conducted in November
and we wanted to determine if the seeps were routinely causing toxicity in FMB.

in September 1993, toxicity tests were conducted at five F-Area seeps, four H-Area
seeps, and four locations in FMB (Table 2; Shealy, 1993a, 1993b). The seep locations
were selected based on water chemistry results of Dixon et al., (1993) and included
several locations that were tested in 1990. The creek locations were selected to be
upstream of all F- and H-Area seeps (Road 4), between the F- and H-Area seeps
(Road C), immediately downstream of most of the seeps (Road C-4), and downstream
of all seeps (Road!A-7). .

In April-dune 1994 (ETT, 19943), toxicity tests were repeated at four of the locations
that were sampled in September 1993, including two F-Area seeps and two H-Area
'seeps. In addition, a sample was collected from FMB at the SCE&G power line, which
is located downstream from all of the F- and H-Area seeps, but closer to the seep areas




than is Road A-7. In addition, toxicity tests were performed on water collected from
four uncontaminated reference seeps and one uncontaminated locat:on in UTR
(Table 2) to determine if uncontaminated locations were toxic to the test species. -

In order to determine the cause of observed toxicity, Toxicity Identification Evaluations
(TIE's) were performed on three representative seeps, including one located
downgradient from the F-Area Seepage Basins (FSP-204), one located downgradient
from the H-Area Seepage Basins (HSP-103), and a reference (uncontaminated) seep
(UTR-029). In addition, as part of another study, a TIE was performed on water
_collected from FMB at Road F, which is upstream from all SRS discharges to the creek.

5.0 METHODS
5.1 Sample Collection

‘In accordance with EPA protocol (Weber et al., 1989), water samples were collected
three times during a 7-day period at each location, such that the holding time of the
_ water used for toxicity testing never exceeded 72 hours. For each collection, two 2-liter
~ plastic bottles of water were collected, placed on ice immediately and shlpped tothe -
testing laboratory via an express carrier.

5.2 Toxicity Testing

Definitive chronic toxicity tests were conducted on Ceriodaphnia dubia using EPA
methods (Weber et al. 1989). Test conditions are specified in Table 3. Toxicity tests
were performed on a series of dilutions, (generally 0, 6.3%, 13%, 25%, 50%, and 100%
sample water), using 10 test organisms per concentration; however, in some of the .
early tests, somewhat different dilutions were used and twenty organisms per ,
concentration were used (see Appendices A through E for test specifics). At the end of
the 7-day test the reproductive success (number of young produced) of organisms
exposed to each dilution was compared statistically to that the control group (0%) in
order to determine if reproduction was impaired. The resuits of the tests were reported
as NOEC'’s (No Observed Effect Concentration), which was the highest concentration
tested that did not cause a significant reduction in reproduction. If there was no
reproductive impact, the NOEC was 100%. In addition, any mortality that occurred
during the test was also recorded.

Water quality parameters routinely measured duri.ng the'toxicity tests included
temperature, pH, hardness, alkalinity and specific conductance.

5.3 Toxicity Identification Evaluations

Toxicity Identification Evaluations (TIE’s) were conducted on samples collected from

representative seeps (UTR-029, HSP-103, FSP-204) and FMB at Road F in

accordance with U.S. EPA methods developed for chronically toxic effluents (Norberg-

King et al., 1991, Durhan et al., 1993; see Appendices F through | for test specifics).

For FSP-204, a complete TIE was performed because an examination of the water

chemistry data did not clearly indicate the source of toxicity, based on EPA water

quality criteria. However, for UTR-029 and HSP-103, one or more metals greatly -




exceeded EPA water quality criteria for one or more metals and it was very likely that
metals were responsible for the observed toxicity. Therefore, partial TIE's were
performed at these locations, using only the portions of a TIE that focus on metals
(EDTA chelation, pH adjustment/filtration, and sodium thiosulfate addition).

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

Parameter ’ Conditions

Testtype . Static renewal
Temperature ‘ 25+1°C
Light quality - Ambient laboratory illumination !
Light intensity ) 50 - 100 foot candles '
Photoperiod © . 16L8D
' Testchamber size 30 ml
Test solution volume 15wl
Renewal of test water Daily, ‘ : .
Age of test organisms - - Less than 24 h at start of test; all released withina 12 h period
# neonatesftest chamber 1 ’
# Neonatesiconcentration 10
Feeding regime 0.1 mi YCT and algal suspensionftest chambet/day .'
Aeration None -
Dilution water Diluted mineral water .
Number of dilutions 5 and a control
6.0 RESULTS

6.1 Toxicity Tests
6.1.1 General Overview

Table 4 summarizes the results of the water toxicity tests that were performed frorﬁ
1990 through 1994. Appendices A through E contain more detailed results of the tests.

6.1.2 Background Locations

Uncontaminated reference locations included UTR-022, UTR-029, UTR-116, BGW-
045, and UTR RR Bridge. Toxicity tests were performed on water collected from these
locations in April 1994. As shown in Table 4, all but one of the toxicity tests conducted
on water from the four reference seeps was toxic to some extent, with NOEC's of 50%.
Only BGW-045 and UTR RR Bridge were not toxic. These results indicated that
uncontaminated seeps on the SRS were somewhat toxic to Ceriodaphnia dubia.




6.1.3.F and H-Area Seeps

Toxicity tests conducted on seeps downgradient from the F- and H-Area Seepage
Basins had NOEC's ranging from 3% to 100% (Table 4). Of the eleven seeps that
were tested, only two showed no evidence of toxicity (HSP-008 and H-6). The
remaining eight seeps were all toxic on at least one occasion. The degree of toxicity at
some seeps appears to vary temporally. The variation is probably related to the
amount of rainfall in the week or two prior to sample coliection. Rainfall can dilute the
seeps directly and can also infi Itrate the shallow groundwater, causing further dilution of
the seeps.

6.1.4 Fourmile Branch

Between 1990 and 1994 toxicity tests were performed at a total of five locations in FMB
(Table 4). Two of the locations were tested three times, one of the locations was tested
twice, and two of the locations were tested once. Of the ten toxicity tests that were

- performed on water from FMB, only one of the tests showed evidence of toxicity (Road
A-7, November-December 1990), with ah NOEC of 60%. Toxicity testing performed as

Table 4. No. Observed Effect Concentrations (NOEC’s) for Toxmty Testmg
Locatlons, 1990-1994

Location May-Jun 90 Nov-Dec 90 Jul-91 Sep-93. . Apr-Jun 94

FSP-012 60% 60% - 10% 100%.
FSP-032 100% 10% - 30% -
FSP-047 - - - 30% -
FSP-204 - - - - 30% 25%
' FSP-256 : - - - 30% -
HSP-008 - - - 100% 100%
HSP-020 - - . 3% -
HSP-043 60% 60% - - -
HSP-060 - - - 10% -
HSP-103 - - - 3% 12.5%
H-6 100% 100% - - -
FMB Road 4 - - - 100% -
FMB Road C 100% 100% - 100% -
FMB Road C-4 100% - . 100% -
FMB SCE&G - - - - 100%
FMB Road A-7 - 60% 100% 100% -
UTR-022 - - - - 50%
UTR-029 - - - - 50%
UTR-116 - - - - 50%
BGW-045 | - - - - 100%

UTR RR Bridge - - - - - 100%

part of another study at an additional location in FMB that is upstream of all SRS
discharges (Road F) indicated that the water from the stream was often toxic, due to a




naturally occurring toxicant (see Sect:on 6.3.4). If cannot be determined if the tox|cnty
observed in FMB at Road A-7 was due to naturally occurring conditions or to inputs
from the F-Area seeps. However, no toxicity has been observed in FMB below the F-or
- H-Area seeps since 19890, whlch suggests that the seeps are not presently causing ‘
toxicity in FMB.

6.2 Water Chemistry
6.2.1 Routine Water Chemistry Parameters

. Water quality parameters that were measured in conjunction with the toxicity tests
include dissolved oxygen, total hardness, alkalinity, and pH. in general, Ceriodaphnia
does not do well in water that has a pH of less than 5.5. An examination of the water
quality data presented in the toxicity reports (Appendices A through E) indicated that,
with very few exceptions, the pH of the samples was generally in the range of 6.0 to
7.5. Therefore low pH does not appear to be responsible for most of the observed
toxicity.

6.2.2 Metals

The U.S. EPA (1991) has issued freshwater water quality criteria for many metals. The
toxicity of most cationic metals is inversely related to water hardness. For a few metals,
such as aluminum, toxicity is also pH dependent. Table 5 lists the EPA freshwater
water quality criteria or other relevant criteria for metals that were sampled at the F/H
seepline sampling locations. The hardness of FMB is approximately 10 mg/l as CaCO;.
Therefore, a hardness of 10 mg/l was used in calculating the criteria for metals for
which the toxicity is hardness dependent.

Table 5. U.S. EPA Freshwater Chronic Water Quallty Criteria for Selected Metals
(U.S. EPA, 1991)

Metal : Criterion
Aluminum 87%
Cadmium - : 0.19°
Copper 18B5°
Iron 1000
Lead 0.17°
Mercury 0.012
Zinc 15°

alt concentrations are in pg/l
# U.S. EPA chronic screening value (U.S. EPA 1995)
®Criterion is based on a water hardness of 10 mg/l

Table 6 presents metals data from some of the F/H seepline sampling locations.
An examination of the data indicates that metal concentrations at many of the F/H

seeps exceeded the ambient watér quality criteria. In particular, aluminum and iron
appear to be present at potentially toxic concentrations at many of the seeps. The
highest aluminum and iron concentrations reported were 90,000 and 28,300 ugfl,




respectively. Although some of the very high concentratlons were probably due to

suspended soil particles in the samples, many of the seeps appear to have consns1tently
elevated concentrations of one or more metals.

Table 6.

Metal Concentrations (ug/l) at F and H Seeps and Fourmile Branch
1993-1994
January-February 1993
Metal FMCOO1F FMCOO02H FSP-012 FSP-032 FSP-047 FSP-204 HSP-008 HSP-043 HSP-050
Al 99 110 462 1660 412 3790 388 857 . - 657
Cd 35 47 <2 46 <2 386 <2 - 41 15.9
Cu <4 - 5.8 5.4 7.6 1.4 46 <4 741 7.7
Fe 225 362 23,950 257 10,650 894 302 345 620 -
Pb <3 <3 <3 <3 - <3 <3 <3 <3 10.8
Mg 621 §70 1395 1050 861 5255 1500 = 179 411
Mn 116 26 2440 575 811 1640 195 19 362
Hg <0.2 - <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Zn - 156 21.8 29.2 55.8 96.4 35.2 110 136 35.2
: July 1993 :
Metal FMCOO01F FMCO02H FSP-012 FSP-032 FSP-047 FSP-204 - HSP-008 HSP-043 HSP-060
Al 124 119 . 161 518 46 371 90,000 - -
Cd . 549 <2 22 14.6 <2 4.9 <2 - -
Cu 10.1 <4 <4 7.6 <4 9.6 10.1 - -
Fe - 527 1330 28,300 173 1350 328 7570 - -
Pb 4.0 <3 <3 <3 <3 5.43 232 ° - -
Mg 628 599 1960 951 1060 4175 3370 - -
Mn - 61 307 2760 1250 588 486 157 - -
Hg <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 0.76 - -
Zn 39.1 16.6 221 57 16.6 184 222 - -
' ' April 1994
Metal FMCOO1F F MC002H FSP-012 FSP-032 FSP-047 FSP-204 HSP-008 HSP-043 HSP-060
Al 109 97 153~ 398 156 5650 342 - 1340
Cd <2 <2 <2 <2 <2 46 - - <2
Cu <4 6.5 <4 <4 <4 <4 <4 - <4
Fe 536 500 17,000 1090 5280 14 794 - 1200 .
Pb <3 <3 <3 3.2 <3 <3 <3 - <3 -

Mg 589 446 1180 560 1230 5300 1140 - 305
Mn 41 31 1660 577 507 1260 106 - 85
Hg <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 - <0.2
Zn 24 20.5 <2 5.6 8.5 18.7 <2 - <2

Source: Chappell et al. (1995)

6.3 Toxicity ldentification Evaluations (TIE’s)

6.3.1 UTR-029

In April 1993, a water sample from reference seep UTR-029 was analyzed for a large
number of organic and inorganic parameters (Dixon and Cummins, 1994). The results
indicated elevated levels of total aluminum (5.93 mg/l), iron (17.7 mg/l), manganese
(1.9 mg/l), zinc (32.5 mg/and TSS (308 mg/t) and a moderately high hardness (59
mg/l). In April 1994, a chronic toxicity test conducted on water collected from seep
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UTR-029 indicated that undxluted seep water (1 00%) was acutely toxic to Ceriodaphnia
dubla

Because the water chemistry data from Dixon and Cummins (1994) indicated elevated
levels of heavy metals, but no organic compounds were detected at levels above
background concentrations or believed to be present at this reference location, a partial
Phase | TIE was conducted on water from the seep, using only those TIE treatments
that are effective at reducing or removing metals toxicity (see Appendix H for details).
Specifically, the UTR-029 seep was subjected to four treatments: 1) adjustment to pH
10, followed by filtration; 2) addition of sodium thiosulfate; 3) chelation with disodium
ethylenediamine tetraacetate (EDTA); and 4) graduated pH. The purpose of this first
phase of the TIE was to determine if the toxicity of the seep was caused by a metal or
metals, by assessing if treatments for metal removal were effective in removing toxicity.

A single grab sample was collected from UTR-029 on November 14, 1994 and a TIE
was initiated on November 16, 1994 (ETT, 1994b). Metal analyses performed on a

- portion of the water sample used for the TIE indicate that the sample contained 2.09
mg/l ofi iron, 0.71 mg/t of manganese and 17.1 mg/ of zinc. '

Details of the TIE test condmons are presented in Appendtx F. The results of the
Phase | tests indicate-that pH 10ffiltration, sodium thiosulfate, and EDTA chelation all
reduced toxicity (Table 7) and that the toxicity was slightly greater at pH 8.5 than at 6.0.

Table 7. Results of UTR-029 Phase | Treatments on Reproductlve Rates
of Ceriodaphnia dubia

Treatment Nuniber of Young Produced
Control 26
Untreated UTR-029 .13
pH 10f/filtration 21
Sodium thiosuifate (1mg/l) 25
EDTA chelation (3 mg/l) 27
Graduated pH (6.0) 8

Graduated pH (8.5) 4 5

pH 10 adjustment/ffiltration - The solubility of most cationic metals decreases with
increasing pH; thus an increase in pH results in precipitation of the metal and reduced
bicavailability. If the pH is raised and the sample is filtered prior to neutralization, the
precipitated metals are retained on the filter. In this test, an orange precipitate was left
on the filter, which suggest that the metal removed is most likely iron.

Sodium thiosulfate addition - Sodium thiosulfate is effective at removing some
cationic metals. The EPA TIE methods manual (Norberg-King et al., 1991) states that
sodium thiosulfate will remove zinc, but not manganese. It does not specify whether
iron responds to this treatment.
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EDTA addition - EDTA reduces the bioavailability of many cationic metals by
chelation. EDTA has been documented to be effective in reducing the toxicity of iron,”
manganese, and zinc (Norberg-King et al., 1991).

Graduated pH - Some, but not all cationic metals are more toxic at low pH, because
the metals are present as free ions, which are often the most toxic form of the metal. -
However, some metals, such as zinc, are more toxic at pH 8.0 than at 6.5 (Norberg-

- King et al., 1991). The EPA manual does not present data on the effect of pH on iron
toxicity. : : . - ; '

Each test, except the graduated pH test, was effective at removing chronic toxicity.
These results are consistent with the responses that would be expected if the toxicant
were a metal. The orange precipitate that resulted when the pH was adjusted to 10
and filtered strongly suggests that the toxicity is due to iron.

Following the Phase | partial TIE for cationic metals, Phase Ii TIE studies were initiated
on a water sample collected from UTR-029 on January 5, 1995 (ETT, 1995a). In the
Phase |l studies, water from the seep was adjusted to pH 10 and filtered to remove

- cationic metals. Samples of the treated water where then spiked with iron (2.1 mgfl),
with zinc (17 pg/l), and with iron (2.1 mg/l), zinc (17ug/) and manganese (0.71 mg/).
These spiked samples were then subjected to the same treatments that removed
toxicity in the Phase | tests (filtration at pH 10, sodium thiosulfate addition, and EDTA
chelation). . )

The results indicate that 2.1 mg/l of iron produces a chronic toxic effect of similar
magnitude to that observed in the seep sample (Table 8). The addition of zinc to a
concentration of 17 pg/l did not increase the toxicity, which suggests that the amount of
zinc presentin the UTR-029 seep water is not great enough to produce toxicity.
Similarly, the addition of manganese and zinc to the sample that had been spiked with
iron did not increase the toxicity. The results of the Phase Il TIE therefore confirm that
the observed toxicity of UTR-029 is due to the presence of iron in the water. Because
UTR-029 is a reference seep that has not been impacted by SRS operations, the iron is

Table 8. Results of Phase Il Treatments on the Toxicity of Water from UTR-029

Treatment ‘ Number of Young Produced

Control 16°
Untreated _ 15
Treated 15
Fe spiked (2.1 mgfi) 0
Zn spiked (17 pg/l) 14
Fe, Mn, Zn spiked (2.1 mg/l, 0.71 mg/l 2
and 17 ugh) '

: #Control reproduction was unusually low; 20% seep water producec 24
young, which is what would be expected in the control.

believed to be naturally occurring iron that probably has been ieached from soil
particles by the relatively low pH (5.49) of the groundwater.
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6.3.2 FSP-204

Toxicity tests conducted on water collected from seep FSP-204 in September 1993 -
and June 1994 demonstrated that the seep water was toxic to Ceriodaphnia dubia. -In
November 1994 and July 1995, metal analyses were conducted on a sample of water
collected from the seep (Table 8). These results indicated that the seep water
contained potentially toxic concentrations of aluminum, cadmium, iron, lead, and zinc.

In January 1995, a TIE was initiated, using chronic test procedures (Tier | and Tier II;
Table 10; ETT, 1995e). Details of the TIE can be found in Appendix G. Most of the
treatments utilized in Phase | were ineffective in removing toxicity. Treatments that
were effective included adjustment to pH 10, aeration at pH 3 and pH 6, filtration, and
filtration with a C-18 Solid Phase Extraction (SPE) column. The seep water was also
found to be less toxic at pH 8.5 than at pH 6.0. EDTA chelation, which is effective in
removing many cationic metals (including Cd, Cu, Fe, Pb, Mn, and Zn), was not
effective in reducing toxicity. Based on the results of the initial Phase | TIE studies,
potential toxicants include the following: cationic metals not chelatable by EDTA,
hydrogen sulfide, total dissolved solids, and non-polar organics (which are removed by
a C-18 SPE column) . .

Table 9. Metal Concentrations (ug/l) in Water Collected from FSP-204
' November 1994 and July 1995

Metal Nov 1994 July 1995

Al ’ 10,600 9,150
“As <5 <5 -
Cd ' 6.9 - 7.2
Cr : <5 <20
Cu <5 ' - <10 -
Fe 27 1,070
Pb 3.6 - <5
Mn . ‘ 1,670 1,760
Hg ‘ <0.1 <0.1

Zn | 33.9 30.8

In March 1995, a methanol elution was performed to distinguish between the removal
of non-polar organics (which can typically be eluted by methanol) and cationic metals.
The results indicated that the toxicants were not eluted by the methanol, which
indicates that the toxicity was not due to non-polar organics.

Additional Phase | testing was conducted in July 1995 to confirm the results of the

January 1995 Phase | tests, as well as to employ additional treatments to remove

toxicity. These treatments included aeration at the initial pH and at pH 3, a graduated

pH test, filtration through glass fiber filters and membrane filters and treatment with an

anionic and a cationic exchange resin. The results of the Phase | tests indicated that

aeration at the initial pH or at pH 3 did not reduce toxicity, which indicated.that the

toxicity was not due to a volatile compound (hydrogen sulfide). Filtration through a -
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glass fiber filter or membrane filter did not reduce toxicity, which suggested that toxicity
was not due to particulate contaminants. The anionic exchange resin reduced toxicity
slightly, but the cationic resin removed all of the toxicity, which suggested that most of

the toxicity was due to a cation. The graduated pH test indicated that the seep water

was considerably less toxic at pH 8.0 than at 6.5, which would suggest one or more of
the following toxicants: aluminum, copper, hydrogen sulfide or lead. Since copper and o
lead are chelatable by EDTA and EDTA did not reduce toxicity in the first round of

Phase | tests, the results suggest that cationic metals not chelatable by EDTA

(probably aluminum) was the primary class of toxicants. However, some resndual

toxicity remained with most of the treatments that reduced toxicity. The presence of
residual toxicity indicated that other toxicants, with different characteristics, also
contributed to the toxicity.

Table 10. Results of Tier | and Tier Il Toxicity Tests Conducted on
‘ Water from FSP-204 (Number of Young Produced)

Concentration of FSP-204 Seep Water

Treatment 0% 40% 60% 80% _ 100% Resuilt
Baseline 7.6 x? X X X Sample toxic to 40%;

. . o . volatile affected control
pH3- 13.0 5.0 9.2 X X Slight reduction in toxicity
pH 10 , 16.0 - 124 12.4 10.4 22 Toxicity reduced

" Aeration 0.0 12.0 3.2 1.0. X Slight reduction in toxicity
‘Aeration pH 3 9.0 9.8 8.2 6.3 1.6 Toxicity reduced
-Aeration pH10 11.0 2.0 1.4 X X Slight reduction in toxicity
Filtration 00 - 24 2.0 0.2 0.6 Toxicity reduced
Filtration pH 3 6.0 X X X - X " No reduction in toxicity
Filtration pH 10 1.0 X X X X No reduction in toxicity
SPE C-18 6.0 . 86 8.8 4.6 36  Toxicity reduced; SPE treatment

affected controls

SPE C-18 pH 3° 9.4 6.6 . 6.8 7.0 3.6 Toxicity reduced
SPEC-18 pH 9 X 2.6 2.4 5.6 X Toxicity reduced; SPE treatment
: ’ affected controls
Na thiosulfate (1 mgft) 0.0 9.6 . 5.8 X Slight reduction in toxicity
Na thiosulfate (5 mg/l) 6.0 7.2 3.0 X Slight reduction in toxicity
Na thiosuifate (10 mg/t) 0.0 ) X X - X No reduction in toxicity
EDTA (0.5 mgfl) 19.0 X X X No reduction in toxicity
EDTA (3 mgft) 22.0 X X X No reduction in toxicity
EDTA (8 mg/l) - 8.0. X X X No reduction in toxicity
Graduated pH (6.0) 12.0 X X X X No reduction in toxicity
2.6 X X " Less toxic at pH 8.5 than at pH 6.5

Graduated pH (8.5) 0.0 5.4

X = 100% mortality

Phase Il tests were initiated in August 1995 (ETT, 1995e). These studies were

‘designed to remove metals from the seep water to eliminate the toxicity. Metals were

then spiked back into the water to confirm that the toxicity returned at expected levels.

A cationic exchange resin was used to remove cationic metals from the water. Most of

the cationic metals were removed by the resin (Table 11). Toxicity was removed in the

20, 40, 60 and 80% concentrations of seep water, but the undiluted seep sample

continued to be toxic following treatment with the resin (Table 12). However, since the

resin also removes essential cations, such as calcium and magnesium, the remaining

toxicity in the undiluted sample may have reflected the absence of these essential ions. -
Aluminum, iron, cadmium, and manganese were separately spiked back into the
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treated samples and all four metals were spiked together into a single treated sample.
The results of the spiking indicated that aluminum and cadmium were the primary
toxicants in FSP-204, and that iron may also have contributed to the toxicity (Table 13).

Table 11." Metal Concentrations (ng/l) in Untreated Water from FSP-204 and -
‘Water Treated by a Cationic Exchange Resin -

| Metal Untreated Water , Treated Water

Al _ -+ 9160 ¢ - - 70
Cd 7.24 ‘ <5
Fe 1,070 v <20
Mn _ 1,760 . <50
Zn ' 30.8 no data

Table 12. Mortality Rates in Untreated, Treated, and Treated/Spiked Water* -
from FSP-204 : . . _

Treatment Test Dilution

Control  20% A40% 60% 80% 100%
Baseline 5% 70% 90% 100% 100% 100% -
Treated 0% 0% 0% 0% 0% 100%
Fe spiked 0% . 80%
Cd spiked | | 100%
Al spiked - ] 100%
Mn spiked o 10%
AVCd/Fe/ |
Mn spiked : ' 100%

*Water was spiked to the concentrations present in the untreated seep sample

 6.3.3 HSP-103

Toxicity tests conducted on wéter collected from seep HSP-103 in September 1993
and June 1994 demonstrated that the seep water was toxic to Cerniodaphnia dubia, with
NOEC’s of 3% and 12.5%, respectively. In January 1995, a full TIE was initiated on a
sample of water collected from HSP-103 (ETT, 1995f). The only treatment that
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Table 13. Mortality Rates in Treated Water from FSP-204 Splked to Different
Concentrattons of Metals®

Fe S _ : .
Concentration 0 100 pg/l 200 pgh 500 pgft 1008 ugfl
% Mortaljty 0 10% 5% 20% - 60%

Cd
Concentration 0 0.5pg/l 1 pgh 2 ugfl 5 ngft

% Mortality 0 . 100% . 100% 100% . 100%

Al

Concentration 0 1 mg/l 2mg/ - 5 mgfl 9.34 mg/l
% Mortality 0% 0% , 100% 100% 100%
Mn . : : '
‘Concentration . 0 200 pg/l 500 pg/ 1000 pg/l 1780 png/l

" % Mortality 0% 25% 10% .  30% 10%

“Highest concentration tested equals the concentration present in FSP-204

removed the toxicity was aeration at pH 3 (see Appendix H for detalls) These results
suggest that the toxicant was either volatilized or oxidized to a less toxic form at an
acidic pH. Possible toxicants that would be less toxic after aeration at pH 3 include
sulfide/hydrogen sulfide, and possibly cationic metals that were not chelatable by EDTA
and/or acid volatile organics which could not be removed by a C-18 SPE column.

In May 1995, additional TIE tests were conducted on water collected from HSP-103

- (ETT, 1995b). These tests included aeration and nitrogen sparging. Aeration is

typically effective at removing toxicity of volatiles, toxicants that are more toxic in a
reduced state than in an oxidized state, and physical removal of toxicants (typically
surfactants) through adherence of the toxicants to the sides of the aeration vessel. In
order to determine if the mode of action was oxidation:or sparging, a series of toxicity

* tests was conducted on samples that were aerated or Sparged at the ambient pH, as

well as at pH values of 3 and 10. Treatments were as follows: baseline test (untreated
seep water); pH adjustment tests (pH 3 and 10); aeration at initial pH, pH 3 and pH 10;
and nitrogen sparging at initial pH, pH 3, and pH 10. The results indicated that the only
treatment that removed the toxicity was nitrogen sparging at the initial pH; however, all
of the aeration and sparging treatments reduced the toxicity to some extent (Appendix
H). These results suggest that the toxicant was a volatile compound. It is unlikely that
the toxicant wouid be hydrogen sulfide, since its toxicity would be expected to be
reduced more by aeration than by sparging with nitrogen. Since volatile organic
compounds have not been found in the HSP seeps at concentrations that would be
toxic to Cenodaphnia dubia (Chappell et al., 1995), and because the toxicity was not
removed by a C-18 SPE column, the toxicity is not likely to be due to a volatile organic
compound. High concentrations of nitrate in the seep water may be reduced to
ammonia under anoxic conditions. Ammonia toxicity is pH and temperature dependent. =~
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Toxicity would be expected at approximately 2 mg/l under.the pH and temperature
conditions that were present at HSP-103. However, Chapell et al. (1995), did not

report ammonia concentrations at H-Area seeps that approached 2 mg/l. No other
source of volatile toxicants is known for the H-Area seeps. ' -

Additional samples were collected from HSP-103 on two occasions during the summer
of 1995. However, neither sample was found to be toxic when a baseline toxicity test
was initiated prior to beginning additional TIE tests. Therefore, it was not possible to
definitively determine the source of the toxicity at HSP-103. However, it appears that
the source of the toxicity has been reduced or eliminated over time. - In September
1993, the NOEC was 3%, in June 1994, the NOEC was 12.5%, in January 1995, when -
the TIE was initiated the NOEC was 60%, and by the late summer 1995, the water was
no longer toxic. These resuilts suggest that the toxicity was due to constituents from
‘the H-Area basins that have reduced or eliminated by the capping of the basins.

6.3.4 Fourmile Branch

As part of another investigation conddcted in 1994, water samples from FMB were
used to cuiture Ceriodaphnia dubia (Specht, 1994). Results indicated that water from
FMB was usually chronically toxic to C. dubia. Acute toxicity was also noted.on an
intermittent basis. In order to determine the cause of the toxicity, a full TIE was initiated
on water collected from FMB at Road F on June 19, 1995 (ETT, 1995¢; see Appendix |
for details). This location is near the headwaters of the stream and is upstream from all
SRS discharges to the stream. The treatments in Table 14 were used in the Phase |
investigations of the TIE. )

Table 14. Treatments Used for Phase | TIE on Fourmile Branch

Treatment

Adjust to pH 3
Adjust of pH 10
Aerate at initial pH
Aerateat pH 3
Aerate at pH 10
Filter at initial pH
Filter at pH 3
Filter at pH 10
C-18 column at initial pH
C-18 column at pH 3
C-18 column at pH 9
Sodium thiosulfate addition
1 mg/l
5 mgl/l
10 mg/l
EDTA chelation
1 mg/l
5 mgl/l
10 mg/l
Graduated pH

Potential Toxicants Removed

Insoluble at low pH

Insoluble at high pH

Volatile; oxidizable )

Volatile; oxidizable at low pH
Volatile; oxidizable at high pH
Total suspended solids

Insoluble at low pH

Cationic metals; insoluble at high pH

- Non-palar organics; metals

Non-polar organics
Non-polar organics; metals
Residual chlorine; some metals

Some metals; surfactants

Ammonia; some metals; sulfide

18

Result

Toxicity increased

- No change in toxicity

No change in toxicity
No change in toxicity
No change in toxicity
Toxicity removed
Toxicity reduced
Toxicity reduced
Toxicity removed

No change in toxicity
Toxicity reduced

T'oxicity reduced
No change in toxicity
No change in toxicity

No change in toxicity
Toxicity reduced
Toxicity removed

No change in toxicity at

pH 6,85




Treatments that were effective in reducing or removing toxicity included filtration, C-18
column, sodium thiosulfate addition at 1 mg/l, and EDTA addition at > 5 mg/l. With the .
exception of filtration at neutral pH, these treatments were all generally effectivein -
removing cationic metals, which suggests that the toanty in FMB was probably due to -
a metal. . »

Phase Il TIE studies were initiated in July 1995 to identify and confirm the source of
toxicity in FMB (ETT, 1995d; Appendix [). A sample of water from FMB was collected
on July 25, 1995. An analysis for iron indicated that the sample contained:6.2 mg/! total
iron. Sodium hydroxide was added to a portion of the water sample to adjust the pH to
9.0. The sample was then filtered through a 0.45 micron membrane filter to remove the’
metals that were precipitated and the pH was adjusted back to the initial pH of the _
sample. A baseline toxicity test was conducted on untreated water to confirm that the
untreated water was toxic. An aliquot of the treated sample was tested for chronic '
toxicity to confirm that the toxicity had been removed. The remainder of the treated
sample was spiked with iron to concentrations of 1, 2, 4, and 6.2 mg/l and toxicity tests
were conducted on each spiked sample to determine |f they were toxic.

The results of the Phase Il investigations confil rmed that the untreated sample was toxnc'
and that adjustment to pH 9.0 and filtration removed the toxicity (Figure 4). When iron
was spiked back into the sample at concentrations exceeding 2 mg/l, toxicity was again
observed. These results confirm that iron was the source of the tox1c1ty in water
collected from FMB. Because the sample was collected upstream from all SRS
discharges to the stream, it appears that the toxicity was due to naturally occurring iron.
The iron was probably leached from surrounding soil by the low pH resuiting from
naturally occurring humic and fulvic acids that are characteristic of blackwater streams.

—
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!
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Mean Reproduction
S

Control
Untreated
pH/filt.

I mg/l Fe
2 mg/l Fe
4 mg/l Fe
6 mg/l Fe

Treatment
Figure 4. Mean Reproduction of Ceriodaphnia in Treated and Untreated Water
from Fourmile Branch and in Treated Water from Fourmile Branch that
was Spiked with Iron.
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7.0 CONCLUSIONS

Toxicity tests conducted on seeps located downgradient from the F- and H-Area
Seepage Basins indicated that most of the seeps were toxic to some extent, but that
water from FMB in the vicinity of the F/H seeps was not usually toxic. The toxicity of
the seeps appeared to be variable, probably due to dilution by rainfall. Most of the
unimpacted reference locations were also toxic, but usually were less toxic than the F/H
seeps.

Toxicity ldentification Evaluations (TIE’s) performed on representative seeps indicated
that the toxicity at the F-Area seeps was due to aluminum, cadmium, and possibly iron.
These results indicated that the F-Area seeps were toxic and that the toxicity was due,
at least in part, to constituents that have probably leached from the soil as a resuit of
operation of the F-Area Seepage Basins. The toxicity at the H-Area seeps was most
likely due to a volatile toxicant. The specific toxicant could not be identified because
the toxicity disappeared after Phase | of the TIE. Therefore, it was not determined
whether the H-Area Seepage Basins were the source of the toxicity. However, the
toxicity. of the H-Area seeps appears to have declined over time, to the point that they

- are no longer toxic. These results suggest that the toxicity was due to contaminants
from the H-Area Seepage Basins, but that capping the basins has reduced the
concentrations of the contaminants to the point that toxicity has diminished or been
eliminated. :

Toxicity investigations conducted on water from FMB upstream from all SRS inputs,
and on an uncontaminated reference seep indicated that both of these locations were
toxic due to naturally occurring concentrations of iron. These results indicate that
toxicity results from SRS streams and seeps must be interpreted with extreme caution,
since the toxicity may not be due to SRS operations.
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APPENDIX A

~ May-June 1990 Toxicity Tests (from Trapp, 1990)




~ Assessment of the Toxicity
of seepage from F and H Seepage Basins
located on the Savannah River Site

K. E. Trapp

Normandeau Associates, Inc.
P.O. Box 1393
Aiken, South Carolina 29802

November 1990
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Table 2-1. Summary of test conditions: Ceriodaphnia dubia?
7-~d Static Renewal Chronic ‘Dox1c1ty Test

14.

Test temperature-
Light quality

Light intensity

Photoperiod

Test vessel size/
solution volume

Number of organisms
per vessel

Number of replicates

Age of organisms
Total number of organ—

_isms per concentration
‘Aeration

Diluent

Test_ duration
Effect measured

measured on diluent and _
sample

25 + 1°9C

Anbient 1llum1—
nation

Ambient

laboratory levels
16L:8D

30-mLy/15 ml

20 per con—
centration

None
Four Mile Creek water
74d

Mortality, young
production

DO, temperature,
pH, conductivity
(new solutions);

DO, temperature,

pH (daily on old sol-~
utions)

dpdapted from Weber et al., 1989.
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Ceriodgphnia

ty test performed on 'a sample collected from
Work was performed for Westinghouse Savannah River

for

chemistry

basic water

initatl

of

Summary

Table 3-41.

ici

renewal tox

i

static

chronic

the H6 Seepage Basin.

mean,

Aiken, SC. Values are. the
observations. Four Mile Creek

River Laboratory,

Savannah

standard * deviation,

Company,

of
29 May to 6 June, 1990,

and  number

range
water served as the control and diluent.

Conduct-

Dissolved

Concen-

Temper-

rature
%)

fvity
- {mS/cm)

pH

Oxygen

tration

(mg/L)

(X)

+ 0,002
- 0.031

Q0

2
2

o o

+1 .

CONTROL

.

=1 =4

[

2K

+l

1%

~

N~

0.032 + 0,000
0.032 - 0.033

6.70 + 0.08
6,60 - 6.84

+ 0.37
7.9

3%

26,1 % 0.2
26,0 - 24.5

"N

N=J =

QO
+1 e

0.045
0.042

+l ¢

10%

N~

~

1

30%

N.

0.129 + 0.007
0.122 - 0.144
7
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4.0 DISCUSSION

Laboratory toxicityv tests were conducted to assésg ﬁhe
chronic toxicity of watér seeping -from basins locatég in the
F and H Areas on the Savannah'River Site. A samp]_.e bf water
was also collected from Four Mile Creek above the Road C
bridge to détermine if seepage entering the creek might.
advérsely impact organisms inhabiting the creek. |

The results of tritium analyses performed on the various test
samples indicated that a rainfall evént d_urihg the collection
period had significantly diluted the samples. . Despite the
’dil‘ution, the WSRC teéhnical representative determined that
performing these teéts would still provide some indication of

the potential toxicity of these samples.

Althqugh €. dubia had been cultured in water collected from
Four Mile Creek for approximateiy 8 months prior to the
initiation of thes'e‘ tests, the presence of males in the
control population exceeded 20% in 4 of the 6 tests performed
during this study. While the production of males in low
numbers in laboratory cultures is. believed to be a ‘normal
occurrence, high numbérs (e.g. > 20%) are thought to
indiicate that the culture population -is physiologidally
stressed. However, factors triggering male production are not

well understood. Side-by-side studies performed in this




labératoijhaVe'indicated that exposure to some sources of
surface water can induce male producﬁién.'g. dubia chronic.
toxicity tesﬁs have been pérformed by NAi using water
collected from Lake Erie, near Ashtabula, OH. Twenty
individuals were exposed to Laké Erie water while anofher 20
individuals from the samé culture were exposed to laboratory
_ culture water.  The presence of males among individuals
expésed'fo water from Lake Erie exceeded 20% while no males
were observed among organisms exbosed to the labortdry water.
The fact that both sets of organisms came from ‘the.‘same
culture suggeéts that exposure ?f ﬁeonétes to the Lake Erie
water apparently finduced_ the expression of male chara-
cﬁerisﬁicé in the test population. A similar phenomenoﬁ may
have occurred when C. dubia neonates were exposed to water

collected from Four Miie Creek.

It is appareﬁt that the presence of males in the céntrol
treatments for the tests perférmed on samples collected from
the F5, F6, H4, and H6 . Seepage Basins exceeded the 20%
maximumestablished by EPA for a valid chronic test. However,
analyses were sfiil performed on these data to determine if
exposure to these rainwater—-diluted samples resulted in a
chronic, toxic effect.As discussed in Section 3.1, data sets
were statistically analysed wifh and without the inclusion of
nales to determine if the high incidence of males 1in the

!

test population altered the determination of the NOEC and

LOEC for the various samples. The results of theses analyses




LOEC for the various samplee. The results of-theées analyses

are suﬁmarized. in Table 4-1. With the exception of: the
sample of H6 seepage, the presence or absence of males in the
~data set did not alter the ﬁhe detefmination of the NOEC

(Table 4-1).

The results of these testsvindicated that the samples of C4,
F6, and Hé6 Seepage water were not chronically to C. dubia:
the NOEC for these samples equalled 100% (Table 4-1). A NOEC
of 100% was also determlned for the sample of Four Mile Creek
water colle_ctec’l_ near: »tA:he Road C br;dge. When males where
included in the dataAset generated from the test performed on
the H4 seepage sample, fhe NOEC equalled 100%. When males
were excluded, the NOEC equalled 60% (Table 4—1): It is
impossibie to coﬁclusively determine which of the two NOEC
values (60% vs. 100%) is the "correct" value. It is probable
that the 60% NOEC may in fact reflect the true value. It is
also possible that the determination of a 60% NOEC may be
a55001ated with the hlgh number of males present in the test
population (Table 3-35); ellmlnatlng the males resulted in a
rather unbalanced data set that could have led to a "“false™

determination of a 60% NOEC.

Only the test , performed on the F6 Seepage Basin sample
indicated that the sample was chronically toxic. The LOEC and

NOEC equalled 60% and 100%, respectively, regardless of

whether or not males were included in data set during




—

Table 4—1.Stnnmary of NOEC and IOEC values determined from statistical
: analyses performed on data generated during Cériodaphria
dubial_ 7-d static renewal chronic toxicity tests.

" Males included

Males excluded

in analyses from analyses
Sample
Iocation NOEC IOEC NOEC IOEC
c4 ' - 100% na 100% na
CRoad 10035  na 100% na
FS | 603~ 100% 603 1003
F6 100% - na 100% na
H4 100% | na . 60% 100%.
100% na

. H6 . 100% na




In summary, test fesultsvsuggested that sémpies of/éeepagé
from the C4: F6, and H6 Basins and‘a sample of Four Mile
Creek water collected near the Road C bridge were not
chronically .toxic to ¢C. dubia. Results of analyses
performed on the H4 seepage sample were contradictory: when
males were‘included in- the statistical analyses,Athe_NOEC
equalled 100%. Wﬁen males were excluded from the data sét,
analysés indicated that the NOEC equélled 60%. All analyses
(males inéluded and excluded from the data set) pefformed on

the data generated during the test performed on the Fé

seepage sample indicated that the NOEC and LOEC equalled 60%

and 100%, respectively.




APPENDIX B

November-December 1990 Toxicity Tests (from Korthals, 1991)

.




Assessment of the Toxicity
of Seepage from F and H Seepage Basins
located on the Savannah River Site

*

E. T. Korthals

Normandeau Associates, Inc.
P.O. Box 1393
Aiken, South Carolina 29802

8 January 1991

NAI Project No.: 11651.00
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Table 5-1.”A sumary of NOEC and IOEC values determined from
statistical analyses performed on data generated -
during Ceriodaphnia dubia 7—d static renewal chronic
tox101ty tests.

Sample .

Location . - - NOEC LOEC
Road A-7 0% - >60%
"Road C 100% : - na
F5 : 60% . >60%
F6 10% 30%
H4 | 60% ' 100%
H6 ' _ 100% na

na = not applicable




APPENDIX C .

July 1991 Toxicity Test (from Normandeau, 1991)

»




Summary Report:
Results of a 7-d Static Renewal
Chronic Toxicity Test Performed on
A Water Sample from Four Mile Crifk

Performed for: .
Westinghouse Savannah River Co.

Savannal River Site
Aiken, SC

Sample Location: Road A-7

Prepared by:
Normandeau Associates, Inc.

, P.O. Box 1393
Aiken, South Carolina 29802

16 August 1991

NAI Project No: 12486.01




measured gn all test
solutions

_
Table 1. SUMMARY OF TEST CONDITIONS: Ceriodaphnia dublaa
- 7-d Static Renewal Chronic Tox101ty Test
1. Test temperature 25 £+ 1 °C
2. Light quality Ambient illumi-
nation .
3. Light intensity Ambient
laboratory levels
4. Photoperiod 16L:8D
5. Test vessel 30-mL
size
6. Number of organisms 1.
per vessel
7. Number of replicates 20 per con-
.- centration
8. Age of organisms < 24 h
9. Total nunber of organ- -
-isms per concentration 20
10. Aeration None, unless DO
is < 40% satura-
tion
11. Diluent Four Mile Creek
@ Road E-1
12. Test duration 7 d
13. Effect measured Mortality, young production
14. Chemical parameters DO, °C, alkalinity,
measured on diluent and hardness, pH, conduct-
highest test concentration ivity {(new solutions);
' TRC (on each undiluted
effluent sample)
15. Chemical parameters DO, °C, PpH, cbnductivity

(new solutions); DO, °C,
pH (daily on old solutions)

Apdapted from Weber et al.




Table 2. Results of a 7-d Ceriodaphnia dubia static renewal .
‘ toxicity test conducted on Four Mile Creek water
collected at Road A-7. This study was performed for
Westinghouse Savannah River Co. Water collected
from Road E-1 served as the control and diluent for
this test. DMW served as the laboratory control.
18-25 July 1991.

Concen— | Mortalitya ' Mean # young/female
tration _ S , . :
(%) (%)

DMW Control 10 | 20.3

E-1 Control 1006 NA

3.0 - 100P . NA

0 .75 S NA

30 _  e0b ' NA

60 | | 0 - 35.7

100 0 27.4

-ATyenty organisms were initially exposed to each concentration.
bMortality was determined to be significant by Fisher's Exact
test. . - ‘

NOEL = 100% effluent LOEL = >100% effluent

10
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APPENDIX D

1993 Toxicity Tests ( from Shealy Environmental Services, Inc., 1993a, 1993b)

.




7-DAY CHRONIC TOXICITY TESTS
PERFORMED ON
FMB AND FSP SAMPLES FROM
WESTINGHOUSE SAVANNAH RIVER COMPANY

SEPTEMBER 14 - 20, 1993

Subcontract No.: 7901-222-SC-BDDM

Document No.: 7901-222-SC-BDFG

L

_ Submitted TO’ |
WESTINGHOUSE SAVANNAH RIVER COMPANY

Aiken, South Carolina

!

Prepared By:

SHEALY ENVIRONMENTAL SERVICES, INC.
106 Vantage Point Drive
Cayce, South Carolina 29033

SCDHEC Laboratory Certification No. 26103

=Y A

Laura F/ Shealy, Vice President - Toxncolo fcal Services




e _
< Table 1. Summiu‘y of Efﬂuent_”[_‘oxicity Test Con'ditio_ns for the Ceriodaphnia
_ Survival and Reproduction Test ~
’ 1. Test Type: ' S ~ Static Renewal
. 2. Temperétufe (°C): - 25 + 10C
- 3. Light Quality: ~ ' Ambient laboratory iliumination

4. . Light Intensity: - © 10-20 uE/m2/s (50-100 ft-c)
) ' (ambient laboratory levels)
| S. Photoperiod: . 16 h light, 8 h darkness
| . .

6. “Test chamber size: -~ 30mL

7. Test solution volume - =~ 15 mL

- 8. Renewal of test concentrations: " Daily
9. Age of test organism ‘ Less than 24 h; and all released within a
' 12-h period. ‘
10. No. neonates per test chamber: 1
11.  No. Replicate test chambers ,
per concentration: 10
12.  No neonates per test
concentration: 10
13.  Feeding regime: . Feed 0.1 mL of YCT and algae

suspension per test chamber daily.
14. Aeration: None
15.°  Dilution water: ~ Receiving water

16. Effluent concentrations: 5 concentrations and a control.




s
Table 1. Summary of Effluent Toxncxty Test Condltlons for the Ceriodaphnia

Survival and Reproductlon Test
1. Test Type: Static Renewal
2. Temperéture (°C): 25 + 19C
3. Light Quality: Ambient laboratory illumination
4. . Light Intensity: 10-20 uE/m2/s (50-100 fi—c)

' (ambient laboratory levels)
5.  Photoperiod: 16 h light, 8 h darkness
6.  Test chamber size: 30 mL
7. Test solution volume - 15 mL
Renewal of test concentrations: Daily
9. Age of test organism Less than 24 h; and all released within a
12-h period.

10.  No. neonates: per test chamber: 1
11.  No. Replicate test chambers

per concentration: 10
12.- No neonates per test

concentration: 10
13.  Feeding regime: Feed 0.1 mL of YCT and algae

' suspension per test chamber daily.

14. Aeration: None
15. " Dilution water:

16.

. Receiving water

5 concentrations and a control.

Effluent concentrations:




Summary of Effluent Tox:c:ty Test Condmons for the Ceriodaphnia

Table 1.

Survival and Reproduction Test
1. Test Type: Static Renewal
2. Temperature (OC): 25 + 10C
3. Light Quality: Ambient laboratory illumination
4. . Light Intensity: 10-20 uE/m2/s (50-100 ft-c)

' (ambient laboratory levels)
5. Photoperiod: 16 h light, 8 h darkness
6.  Test chamber size: 30 mL
7. Test solution volume 15 mL
Renewal of test concentrations: Daily
9. Age of test organism Less than 24 h; and all released w1thm a
'12-h period.

10.  No. neonates per test chamber: 1
11.  No. Replicate test chambers

per concentration: 10
12.  No neonates per test

concentration: 10
13.  Feeding regime: Feed 0.1 mL of YCT and algae

suspension per test chamber daily.

14,  Aeration: None
15. Dilution water:

16.

. Receiving water

5 concentrations and a control.

Effluent concentrations:




L s

Table 1. . Summary of Effluent Toxicity Test Conditions for the Ceriodaphnia
Survival and Reproduction Test (Continued)

L PO

17.  Dilution factor: 0.30r0.5

18.  Test duration: . _ Until 60% of control females have three
: broods (6 - 7 days). - '

, 19, | Endpoints:. | N Survival and reproduction *

20.  Test Acceptability: 80% or greater survival and an average of
' 15 or more young/surviving female in the
control solutions. At least 60% of
. surviving females in control should have -
produced their third brood.

21.  Sampling requirement: . - -~  Three samples were collected (Monday,
B Wednesday, and Friday)




Results for the Ceriodaphnia chronic toxicity tests performed for the FSP and FMB samples "
September 14 - 20, 1993, are summarized below in Table 2 with individual data reports given

in Appendlx B. Copies of benchsheets for these tests are given in Appendix C

Table 2: Summary of Results from Chronic Ceriodaphnia Toxicitiy Tests Performed
for WESTINGHOUSE SAVANNAH RIVER COMPANY's FSP and FMB
samples collected the week of September 13, 1993.
NOEC | - LOEC _ Chv
Sample Location (% Sample) _ ’ (% Sample) (% Sample)
'FSP-012 10 30 - 13.3
FSP-032 : 30 T 100 - - 548
FSP-047 T 30 | 100 54.8
FSP-204 30 100 54.8
FSP-256 30 100 . - 54.8
| FMB Road 4 - 100 ' Not Observed Not Observed
| ~ (>100%)
FMB Road C ' 100 Not Observed Not Observed
o _ (>100%)
FMB Road C-4 100 Not Observed ~ Not Observed -
' : - (>100%)
FMB Road A-7 100- Not Observed Not Observed
(>100%)

Results from these tests indicated that the FMB samples were not acutely or chronically toxic
to the test organism during the sampling period. No Observed Effect Concentrations
(NOEC's) for th¢se tests !were all 100% sample. The results for the FSP samples; however,
revealed some chronic toxicity to the Ceriodaphnia. NOEC's for these samples were all

54.8% except for the FSP-012 sample which had an NOEC of 13.3%.




el
FMBRC4_1.XLS

SHEALY ENVIRONMENTAL SERVICES, INC.

South Carolina Ceriodaphnia Serial Dilution Chronic Toxicity Test

Facility WESTINGHOUSE SAVANNAH RIVER COMPANY
: Date Reported: 09/27/93
Sample Location FMB - Road C-4 ) Date/Time Started: ~ 09/14/93 [ 1800 °

Date/Time Ended:  09/21/93 / 1545

Effluent Sampling Data - : ' :
Sample Date/Time Collected | Lab I.D. When Used
1 09/13/93 / 1105 45004 |09/14/93, 09/15/93
2 09/15/93 / 0900 45128  }09/16/93, 09/17/93
3 09/17/93 1 1045 45257-  109/18/93, 09/19/93, 09/20/93
Reproductxon/Mortahty Data
Average # %
Conc. Offspring Mortality
0% 20.9 0 -
6.25% : 21.4 : 0
125% 21.0 .10
25.0% 18.0 10
50.0% 17.8 10
100% 18.5 0

Comments:

’ Iy
d ' - .
< mi%%df(/ [ ﬁm,_ 2 %W&/
QA/(/G By /J dy L. Ford, Assistant . Réported By: Laura F. Shealy, O
Laboratory Director Vice-President of

Toxicological Services




— -

FMBRC4_1.XLS

SHEALY ENVIRONMENTAL SERVICES, INC.

South Carolina Ceriodaphnia Serial Dilution Chronic Toxicity Test
‘Statistical Analyses

Fisher's Exact Test No significant mortality observed at
_ any effluent concentration. '

: {
Chi-Square Goodness of Fit Test
Test Statistic = - 2.42
(Data normally distributed)

Bartlett's Test for Homogeneity of Variances
Bartlett's B Statistic = 498
(Homogeneous Variances)

Dunnett's Critical T Values

Crifical Value = 2.31
Concentration T Statistic
Control '
6.25 . -0.174
125 . -0.035
25.0 1.01
50.0 o 1.08
. 100.0 0.833
NOEC (No Observed Effect Concentration) 100%
LOEC (Lowest Observed Effect Concentration) Not Observed
ChV (Chronic Value) > 100%

Page 2




' REPRODUCTION/MORTALITY DATA .

(FMB-Road C-4)
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(FMB-Road C-4)
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REPRODUCTION/MORTALITY DATA CONTINUED

12
11
30

20
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Treatment 2 (12.5%)
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WATER CHEMISTRY DATA
(FMB - Road C-4)

Day 2

Day 7

Page 1

. Day 1 Day3 | Day4 | Day5 |-Day6
Conc. |Parameter Init fold {new |old |new |old |new. [old Jnew |old |new Jold |new lold |new
Control |Temp. (deg.C) |25.8] | 25.5 24.3 25.6] | 245 24.3 |
0% |D.O. (ppm) 7.80}9.10] 9.10}8.50] 8.60}8.50}10.60{8.20] 8.20}8.60} 8.60}8.50
pH (SU) 6.90{6.72| 6.70)6.88| 6.9717.06] 6.89]6.72| 6.78}6.86} 6.87|6.86
Dayl | Day2 | Day3 | Day4 | Day5 | Day6 | Day7
Conc. |Parameter Init Jold |new jold |new lold jnew jold }new |old {new jold |new ]old new
Dilution {Temp. (deg.C) |24.9 26.0 24.1] | 249 24.3} 24.2) '
6.25% |D.O. (ppm) 8.00]9.30| 9.40]8.30} 8.60]8.20] 9.00]s.30] 8.20]s.60] 8.80}8.80
pH (SU) 6.83§6.70} 6.75]7.15] 7.19]6.28] 6.33}6.71] 6.75]6.91} 6.96]6.88
, Day 1 Day2 | Day3 | Day4 | Day5 | Day 6 | Day7
Conc. |Parameter |Init|old |new Jold Jnew old {new |old |new old |new Jold |new |old |new
Dilution |Temp. (deg.C) |25.0 25.6 125.9 25.4 24.3 24.3] '
25% |D.O. (ppm) 8.10}9.40] 9.70]8.50] 8.80]8.10} 8.70]8.40] 8.40|8.80] 8.80}8.50
pH (SU) 6.9216.84} 6.85}7.19] 7.21}6.48] 6.62]6.80] 6.90]7.08| 7.23}6.91
Dayl " Day2 | Day3 | Day4 | Day5S | Day 6 | Day7
Conc. (Parameter Init Jold jnew |old }new }old jnew }old |new |old |new lold [new Jold jnew
Dilution { Temp. (deg.C) {25.2 24.8] | 247 25.1 250 | 2a5]
100% |D.O. (ppm) 8.60]9.70} 10.70}8.60] 9.60}8.10| 8.60|8.30| 8.80]8.80| 8.80}8.20
' pH (SU) 7.05]6.91] 6.84]7.23} 7.11}6.73] 6.86|7.04] 6.90}7.34] 7.32}7.01
100% Effluent
Sample ID: Control | 45004 | 45128 45257
Alkalinity (mg/l) 71 14 18 15
Hardness (mg/l) 88 26 21 38
Conductivity (umhos/cm) 233 96 88 84




— .
FMBRDC_1.XLS

SHEALY ENVIRONMENTAL SERVICES, INC.

South Carolina Ceriodaphnia Serial Dilution Chronic Toxicity Test

Facility . WESTINGHOUSE SAVANNAH RIVER COMPANY
. " Date Reported: 09/27/93
Sample Location . FMB - Road C Date/Time Started:  09/14/93 /,1805

‘Date/Time Ended: 09/21/93 / 1600

Effluent Sampling Data :
Sample Date/Time Collected | Lab L.D. When Used
1 09/13/93 / 1010 45005 {09/14/93, 09/15/93
2 09/15/93 / 0945 45124 109/16/93, 09/17/93
3 09/17/93 /0971 | 45257 {09/18/93, 09/19/93, 09/20/93
Reproducnon/Mortahty Data
Average # %
Conc. Offspring Mortality
0% - 205 10
6.25% 223 0
. 12.5% - 19.8 10
25.0% 203 . 0
50.0% - 18.5 0
100% . 16.1- 0

Comments: -

7//(@{ f Q//?/ / WM 9\ M«A {/j

QA/Q By: J;f&fy L. Ford, Assistant Reported By: Laura F. Shealy,
Laboratory Director Vice-President of
Toxicological Services




FMBROC_1.XLS

SHEALY ENVIRONMENTAL SERVICES, INC.

South Carolina Ceriodaphnia Serial Dilution Chronic Toxicity Test _
Statistical Analyses - '

Fisher's Exact Test No significant mortality observed at
any effluent concentration. !

Chi-Square Goodness of Fit Test
Test Statistic = o 130
(Data normally distributed)

Bartlett's Test for Homogeneity of Variances )
Bartlett's B Statistic = =~ 2.63
(Homogeneous Variances).

Dunnett's Critical T Values

Critical Value = - 231
Concentration = TStatisiic
Control .
6.25 -0.590
12.5 0.230
25.0 o 0.066
50.0 0.660
100.0 4 1.45
NOEC (No Observed Effect Concentration) 100%
LOEC (Lowest Observed Effect Concentration) Not Observed
ChV (Chronic Value) >100%
Page 2




REPRODUCTION/MORTALITY DATA

(FMB-Road C)
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REPRODUCTION/MORTALITY DATA CONTINUED

(FMB-Road C)

Treatment 2 (12.5%)
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WATER CHEMISTRY DATA
(FMB - Road C)

Page 1 -

Dayl | Day2 | Day3 | Day4 | Day5 | Day6 | Day7
' Conc. |Parameter Init Jold {new Jold |new fold |new |old |new old |new |old |new fold |new
Control |Temp. (deg.C) [24.6] | 25.9 25.5 25.3 24.5 24.1 )
0% |D.O. (ppm) 8.00|8.60| 8.20{8.60] 8.50|8.60] 8.50]/8.00} 7.90{8.00} 7.90]8.60
- |pH (SU) 6.80]7.01 6.98]7.10] 7.14]6.91] 6.99)6.80] 6.78}6.80] 6.91}6.71
Day1l | Day2 | Day3 | Day4 | Day5 | Day6 | Day7
Conc. [Parameter Initjold [new |old Jnew Jold |new |old |new |old |new |old |new [old |new
Dilution |Temp. (deg.C) [24.9 24.9 25.8 25.1 4.4 24.2 "
.6.25% |D.O. (ppm) 8.00]8.60] 8.30}9.00} 8.80}8.70} 8.70}8.00] 8.00{8.00| 8.20]8.90
' pH (SU) 6.43}6.67| 6.63]6.82| 7.02/6.40] 6.52}6.97| 7.00{6.92} 7.06{6.63
.Day 1 Day2 | Day3 | Day4 | Day5 Day 6 Day 7
Conc. |Parameter Init jold [new |old |new |old {new Jold |new }old new |old |new [old jnew
Dilution {Temp. (deg.C) [24.9 24.2 24.7 24.7 24.0 24.3
25% |D.O. (ppm) 8.00]8.90] 8.40]9.00] 9.00|8.80] 8.80]8.00| 8.00]8.00] 8.20{8.90
pH (SU) 6.306.70{ 6.67{6.69] 6.72}6.19] 6.26]7.17} 7.14]7.21] 6.94]6.73
_ | Day1 | Day2 | Day3 | Day4 | Day5 | Day6 | Day7
Conc. |Parameter Init Jold {new |old {new Jold |new Jold |new |old |new |old |new |old |new
Dilution Temp. .(deg.C) |24.7} 25.3] . 25.1 25.8 25.2 24.0 ‘
100% }D.O. (ppm) 7.80]8.60] 8.20]8.50] 9.80]9.00}10.00}8.00| 8.10}8.00] 8.40|8.40
pH (SU) 6.77|6.75] 6.74]7.07] 6.62}7.06| 6.80{7.34| 7.13}7.21} 7.02{7.00
100% Effluent
Sample ID: Control | 45005 | 45124 | 45253
Alkalinity (mg/l) 1 19 30 32
Hardness (mg/ l)] 88 24 13 24
Conductivity (umhos/cm) 233 38 82 77




FMBRD7_1.X1LS

SHEALY ENVIRONMENTAL SERVICES, INC.

South Carolina Ceriodaphnia Serial Dilution Chronic Toxicity Test

Facility WESTINGHOUSE SAVANNAH RIVER COMPANY
Date Reported: ~ 09/27/93

Sample Location FMB - Road A-7 Date/Time Started:  09/14/93 /:1825
' o - Date/Time Ended: ~ 09/21/93 / 1630

Effluent Sampling Data

Sample -Date/Time Collected | Lab LD, When Used
1 09/13/93/0955 | 45006  |09/14/93, 09/15/93
Z 09/15/93 / 0940 45126 - 109/16/93, 09/17/93
3 - 09/17/93 1 1125 45255 #]09/18/93, 09/19/93, 09/20/93
Reproduction/Mortality Data
Average # ' %
Conc. Offspring Mortality
0% 20.0 0
6.25% . 204 -0
12.5% 16.8 0
25.0% - 15.0 0
50.0% 15.5 20
100% 19.5 : 0

Comments:

eyt dnel) (N %

QA/QZ By:/Hudy L. Ford, Assistant Reported By} Laura F. Shealy,
Laboratory Director Vice-President of
Toxicological Services -

Page 1




FMBRDA7.XLS ‘ ' o

SHEALY ENVIRONMENTAL SERVICES, INC.

~ South Carolina Ceriodaphnia Serial Dilution Chronic Toxicity Test
' Statistical Analyses

Fisher's Exact Test No significant mortality observed at
any effluent concentration. I ¥

Chi-Square Goodness of Fit Test
Test Statistic = - 3.14
(Data normally distributed)

, Bartlett's Test for Homogeneity of Variances
Bartlett's B Statistic = 7.31
(Homogeneous Variances)

Dunnett's Critical T Values

Critical Value = 231
Concentration . T Statistic.
Control ~
6.25 - -0.130
12.5 - - L04
25.0 . 1.62
50.0 1.46 )
100.0 0.162 : . . -
NOEC (No Observed Effect Concentration) . 100%
LOEC (Lowest Observed Effect Concentration) Not Observed
ChV' (Chronic Value) > 100%

Page 2
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REPRODUCTION/MORTALITY DATA CONTINUED

(FMB-Road A-7)
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WATER CHEMISTRY DATA
(FMB - Road A-7)

Day 7

Page 1

Dayl | Day2 | Day3 | Day4 | Day5 | Day6
Conc. {Parameter Init [old |new [old {new {old |new [old |new Jold [new |old |new old Tnew |
Control |Temp. (deg.C) {24.5 24.4] | 24.4 24.8 24.2 24.3 .
0% |D.O. (ppm). 8.00|8.50] 8.30|8.60| 8.50]8.20] 8.60|8.10] 8.20]8.00] 8.40]8.50
pH (SU) 6.76}7.05} 7.01}7.30] 7.27]6.94] 6.83]6.86] 6.73]6.91} 6.99]7.04
Day 1 Day2 | Day3 | Day4 | Day5S | Day6 | Day7
Conc. |Parameter Init jold |new |old Jnew jold |new jold |new |old |new jold jnew jold jnew
Dilution {Temp. (deg.C) |24.4 25.1) | 253] | 245 241} | 245 ' - r
1 6.25% |D.O. (ppm)  ]8.00]8.90] 8.70}8.90| 8.70}8.60§ 8.90]8.40] 8.20]8.20| 8.40]8.50
pH (SU) 16.95]6.71]- 6.61]7.13] 6.99{6.78] 6.83)6.96] 7.00}7.11} 6.98]6.89
Dayl | Day2 | Day3 | Day4 | Day5 | Day6 | Day7
Conc. |Parameter Init jold fnew |old {new jold jnew Jold |new Jold |new Jold |new }old |new
Dilution {Temp. (deg.C) |24.9 243} | 255 25.4 24.5 24.6 ‘
25% |D.O. (ppm) 8.20]9.00] 8.90}8.90} 8.80}8.50| 9.10{8.30| 8.20|8.40| 8.30}8.50
pH (SU)  |7.02]6.36] 6.33]6.72| 6.52]6.91] 6.91}7.05} 7.08}7.19] 7.10}6.57
_ . | Dayl | Day2 | Day3 | Day4 | Day5 | Day6 | Day7
Conc. {Parameter Init Jold {new lold |new [old |new Jold |new |old {new jold {new |old fnew
| Dilution |Temp. (deg.C) |25.0} 25.0 25.4 25.8 24.0 242
100% |D.O. (ppm) 8.8018.70] 10.20{8.90] 9.50{8.30| 10.40{8.30] 8.80|8.20{ 8.60|8.10
pH (SU) 7.16}7.01] 7.01|6.95] 6.94]7.04| 6.92|7.17| 7.02)7.14| 6.91]6.91
100% Effluent
Sample ID: Control | 45006 | 45126 | 45255
Alkalinity (mg/l) 71 29 14 13
Hardness (mg/1) 88 16 15 35
Conductivity (umhos/cm) 233 75 15 71




FMBRD4_1.XLS

SHEALY ENVIRONMENTAL SERVICES, INC.

South Carolina Ceriodaphnia Serial Dilution Chronic Toxicity Test

Facility WESTINGHOUSE SAVANNAH RIVER COMPANY
| | . Date Reported: 09/27/93
Sample Location FMB-Road 4 Date/Time Started:  (09/14/93 1 1800

~ Date/Time Ended: 09/21/93 / 1600

Effluent Sampling Data

-Sample Date/Time Collected | Lab L.D. . When Used
1 09/13/93 / 1130 45002  |09/14/93,.09/15/93
2 09/15/93 / 0940 45125 - |09/16/93, 09/17/93 -
3 09/17/93 1 1140 - 45254, |09/ 18/93, 09/19/93, 09/20/93
Reproduction/Mortality Data
Average # %
Conc.’ Offspring Mortality
0% 23.9 10
- 6.25% 20.3 .20 .
. 12.5% . 246 0
- 25.0% - 183 10
50.0% ' 182 0
100% : 19.1 10
Comments:
/Zj_m )% 1. ///‘15177,/7' 74,;— { f, p &4%\/6
QA/OGC_BY: Judy L. Ford, Assistant 7 Reportéd B Laura F. Shealy,
Laboratory Director Vice-President of

Toxicological Services
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FMBRD4_1.XLS

SHEALY ENVIRONMENTAL SERVICES, INC.

South Carolina Ceriodaphnia Serial Dilution Chronic Toxicity Test
' Statistical Analyses '

Fisher's Exact Test " No significant mortality observed at

any effluent concentration.

Chi-Square Goodness of Fit Test
Test Statistic = 5.10
(Data normally distributed)

Bartlett's Test for Homogeneity of Variances
Bartlett's B Statistic = 9.00
(Homogeneous Varianqes)

Dunnett's Critical T Values

Critical Value = 2.31
Concentration = - T Statistic
Control .

6.25 0938

12.5 -0.182

25.0 ‘ 1.199

50.0 1,149

100.0 1.25 - )
NOEC (No Observed Effect Concentration) 100%
LOEC (Lowest Observed Effect Concentration) Not Observed

ChV  (Chronic Value) >100%
Page 2




" REPRODUCTION/MORTALITY DATA

(FMB-Road 4)
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REPRODUCTION/MORTALITY DATA CONTINUED

(FMB-Road 4)
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REPRODUCTION/MORTALITY DATA CONTINUED - -

(FMB-Road 4)
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WATER CHEMISTRY DATA

(FMB - Road 4)
‘ Day1 | Day2 | Day3 | Day4 | Day5 | -Day6 | Day7
Conc. |Parameter Init jold fnew lold {new: Jold new |old |new |old |new |old |new [old [new
Control |{Temp. (deg.C) |24.8 24.7 24.6)- 24.5 24.4 249 | 25.4]
0% |D.O. (ppm) 8.00{8.40] 8.60|8.50] 8.60[8.60] 8.70}8.10] 8.20]8.00] 8.40]8.60] &.70]8.20
pH (SU) 6.73]6.93] 6.95{7.05| 6.91}7.02| 6.71{6.94} 6.84}6.99] 7.04]6.92| 6.85}7.03
Dayl | Day2 { Day3 | Day4 | DayS | Day6 | Day7
Conc. [Parameter Init jold jnew jold {new jold jnew jold jnew jold {new jold |new jold |new.
Dilution {Temp. (deg.C) |25.3 25.5 24.2 '24.9 242] | 246 24.2 S
6.25% |D.O. (ppm) 8.00]8.40] 8.60]8.60] 8.60]8.40] 8.60]8.20} 8.20}8.00} 8.20]8.70} 9.00}8.60
‘ pH (SU) 6.69]7.05) 7.12)6.94] 7.03]6.70] 6.76]6.91} 7.22]7.11] 7.03}6.71| 6.61}7.18
Dayl | Day2 | Day3 | Day4 | Day5S | Day6 | Day7
Conc. {Parameter Init jold |new |old [new old jnew fold |new fold |new {old |new"|old |new
Dilution |Temp. (deg.C) {24.8 256 | 25.3 24.8 24.2 24.3 25.4 :
25% |D.O. (ppm) 8.20]8.60] 8.80]8.40] 8.70]8.40| 9.00|8.20] 8.30{8.00] 8.20§8.60| 9.00|8.60
pH (SU) 6.76]7.19] 7.14{7.11] 7.14|6.83] 6.86}7.25| 7.29]7.11] 6.98|6.48] 6.41|7.34
Dayl | Day2 | Day3 | Day4 | Day5 | Day6 | Day7
Conc. |Parameter Init jold {new }old |new Jold |new Jold {new jold |new |old {new }old |new
Dilution {Temp. (deg.C) |25.6 25.4 25.7 25.1 24.2 24.1 25.2
100% }D.O. (ppm) 9.00]8.40| 9.70]8.40] 9.00]8.40] 9.60}8.30| 8.60]8.20} 8.50]8.70} 10.80}8.50
pH (SU) 6.84]7.20] 6.96]7.24] 7.09}6.98] 6.96]7.01] 7.21}7.11] 7.03}6.96] 6.95|7.44
. 100% Effluent
Sample ID: Control | 45002 | 45125 45254
Alkalinity (mg/l) 71 10 16 13
Hardness (mg/)| - 88 13 13 30
Cronductivity (umhos/cm) 233 66 75 83
Page 1




FSP204_1.XLS

SHEALY ENVIRONMENTAL SERVICES, INC.

South Carolina Ceriodaphnia Serial Dilution Chronic Toxicity Test’

WESTINGHOUSE SAVANNAH RIVER COMPANY . |

Facility
. ‘ Date Reported: - 09/27/193
" Sample Location FSP-204 Date/Time Started: ~ 09/14/93 / 1815
- Date/Time Ended:  09/21/93 /1330
S
" Effluent Sampling Data
Sample Date/Time Collected { Lab I.D. When Used
1 09/13/93 / 1120 45003  109/14/93, 09/15/93
2 09/15/93 /0910 ~ | 45127 [09/16/93, 09/17/93
3 09/17/93 / 1053 45256  109/18/93, 09/19/93, 09/20/93
- Reproduction/Mortality Data
' Average # %
Conc. Offsprmg Mortality
Control 19.5 20
1% 25.0 0
3% 22.0 10
10% 24.9 0
- 30% 21.4 0
100% 1.5 40
‘Comments:
ﬁﬂ(/)@?uﬁch o . 67 /
QA/Q@‘/By: 1\5‘5{ L. Ford, Assistant ‘Reported By: Laura F. Shealy,
Laboratory Director Vice-President of
’ Toxicological Services
Page 1
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FSP204_1.XLS

SHEALY ENVIRONMENTAL SERVICES, INC.

South Carolina Ceriodaphnia Serial Dilution Chronic Toxicity Test
Statistical Analyses

Fisher's Exact Test No significant mortality observed at any
effluent concentration. C ' ¥

Chi-Square Goodness of Fit Test
Test Statistic + 2.72
(Data normally distributed)

rBartIett's_ Test fo: Homogeneity of Variances
Bartlett's B Statistic = 289
-(Homogeneous Variances)

Steel's Many One Rank - Test
(Critical Value = 75.0)

Concentration _ " Rank Sum

1% ' 125.6

3% 120.5

10% . 125.0

30% ' 109.0

100% . 55.0
NOEC (No Observed Effect Concentration) 30%
LOEC (Lowest Observed Effect Concentration) 100%

ChV (Chronic Value) 54.77%
Page 2
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REPRODUCTION/MORTALITY DATA CONTINUED
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WATER CHEMISTRY DATA

Page 1

(FSP-204)
Day1l | Day2 | Day3 | Day4 | Day5 | Day6 | Day7
- Con¢. |Parameter Init jold fnew jold |new |old Jnew Jold |new |old [new Jold |new jold |new
Control |Temp. (deg.C) [24.4] | 25.6] | 249 24.5 25.4 25.0 24.6
0% |D.O. (ppm)  |7.90}8.20] 8.40]8.00] 8.20]8.50] 8.60]8.10| 7.90}7.40{ 7.60]s.40| 8.40]s.10
pH (SU) 6.63}6.77] 6.886.87] 6.76]6.89} 6.78]6.51] 7.23]7.10] 7.20]6.95] 6.84]7.12]
Dayl | Day2 | Day3 | Day4 | Day5 | Day6 | Day7
Conc. |Parameter Init jold |new jold |new Jold |new |old |new Jold [new |old {new |old |new |
| Dilution | Temp. (deg.C) {24.5 25.5 253] | 242 245 |24 24.4
1% - |D.O. (ppm)  {7.90]8:30| 8.40{8.30] 8.40}8.30] 8.40§8.00{ 8.00|7.20| 7.90|8.40] 8.40]8.20] -
“IpH (SU) 6.73}6.93} 7.00}6.90] 6.90]6.83} 6.87|7.31] 7.37}7.40] 7.59}7.16] 7.09]7.22
Dayl | Day2 | Day3 | Day4 | Day5 | Day 6 | Day7
Conc. |Parameter |1nit {old Jnew jold |new |old |new Jold jnew old |new Jold jnew {old |new
Dilution [Temp. (deg.C) {24.5 24.7 24.6 24.5 24.6 25.0 24.1
10% |D.O. (ppm)  |8.10}8.30} 8.40]8.40] -8.20{8.30} 8.50|8.10] 8.00|7.20| 7.40|8.40] 8.30|8.10}
pH (SU) 6.82]7.03} 7.03}16.97]} 6.9716.94] 6.96}7.39] 7.40}7.58] 7.5917.24) 7.22]7.28]} -
_ Dayl | Day2 | Day3 | Day4 | Day5 | Day6 | Day7
Conc. [Parameter Init |old |new {old {new |old |new lold |new {old |new |old |new |old |new
Dilution {Temp. (deg.C) [25.8 24.7 24.8 24.3 242 24.8 24.0
100% |D.O. (ppm) 7.40]8.40{ 8.40]8.00] 6.80}8.20] 9.60|8.10{ 7.50]7.30} 7.50|8.90| 8.00{8.00
pH (SU) 6.45§6.95] 6.83}7.09] 6.6216.99] 6.58}7.33} 7.17{7.41} 7.67{7.02] 7.25{7.39
100% Effluent
Sdmple ID: Con 45003 | 45127 | 45256
Alkalinity (mg/l) 71 <5 40 37
Hardness (mg/l) 88 76 44 53
Conductivity (umhos/cm) 233 521 432 394




FSPO32_1.XUS - B

SHEALY ENVIRONMENTAL SERVICES, INC.

South Carolina Ceriodaphnia Serial Dilution Chronic Toxicity Test

Facility WESTINGHOUSE SAVANNAH RIVER COMPANY
A : , - Date Reported: ' 09/27/93
Sample Location ~ FSP-032 , , . Date/Time Started: ~ 09/14/93 /1815

Date/Time Ended: ~ 09/21/93 / 1335

. Effluent Sampling Data
. Sample Date/Time Collected | Lab I.D. » When Used
1 - 09/13/93  ——- 45008  {09/14/93, 09/15/93
2 09/15/93 / 1005 45123  {09/16/93, 09/17/93
3 09/17/93 7 1053 45259  109/18/93, 09/19/93, 09/20/93
Reproduction/Mortality Data
Average # %
Conc. Offspring ‘Mortality
Control 20.2 , 10 -
1% . 15.5 20
3% , 17.7 30 .
10% . 13.8 10
30% ’ 169 , 10
100% N/A - 40

Comments:

QA/QZ By: Jidy L. Ford, Assistant Reporfed By: Laura F. Shealy,
Laboratory Director Vice-President of

Toxicological Secvices |




FSPO32_1.XLS

SHEALY ENVIRONMENTAL SERVICES, INC.

South Carolina Ceriodaphnia Serial Dilution Chronic Toxicity Test
Statistical Analyses -

Fisher's Exact Test Significant mortality oberved at the 100%
effluent concentration.

Chi-Square Goodness of Fit Test
Test Statistic = 9.37
(Data normally distributed)

Bartlett's Test for Homogeneity of Variances
* Bartlett's B Statistic = = 2.74
(Homogeneous Variances)

Bonferroni T-Test
(Critical Value = 2.33)
Concentration T Statistic
. Control ’
1% 1.38
3% 0.74
10% 1.88
30% - 0.95
100% N/A
NOEC (No Observed Effect Concentration) f 30%
LOEC (Lowest Observed Effect Concentration) 100% -
ChV (Chronic Value) 54.77%
Page 2




REPRODUCTION/MORTALITY DATA

(FSP-032)
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REPRODUCTION/MORTALITY DATA CONTINUED

(FSP-032)
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REPRODUCTION/MORTALITY DATA CONTINUED

(FSP-032)
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WATER CHEMISTRY DATA

(FSP-032)
_ Day1 | Day2 | Day3 | Day4 | Day5S | Day6 | Day7
.| Conc. |Parameter =~ |Initjold jnew Jold Jnew jold |new |old jnew jold.jnew jold jnew |old |new
| Control {Temp. (deg.C) |24.0] | 247 260 | 250 24.0 253 | 24.1
0% |{D.O. (ppm) 7.90}8.20] 8.20]8.10] 8.40}8.60} 8.40]8.30{ 8.10{7.50] 7.50{8.50] 8.60{8.10
pH (SU) 6.18}6.59| 6.77}7.01} 6.90}7.00] 6.72}7.27} 7.29{7.52| 7.58|7.20{ 7.20|7.30
_ Dayl | Day2 | Day3 | Day4 | Day5 | Day6 | Day7
Conc. {Parameter Init jold |new {old |new jold jnew Jold |new jold |new jold Jnew |old [new
Dilution |[Temp. (deg.C) |24.1] | 253 26.0 250] | 251 25.2 24.6] '
1% |D.O. (ppm) 8.00{8.00] 8.30]8.20} 8.40{8.60] 8.60]8.10] 8.20]7.20} 7.60]8.60].8.70|8.10
pH (SU) 6.38]7.01] 7.09}7.00] 7.10{6.96] 7.00]7.42} 7.48)7.60| 7.63]7.26} 7.35]|7.44]
Dayl | Day2 | Day3 | Day4 | Day5 | Day6 | Day7
Conc. |Parameter - |Init |old {new lold |new {old [new |old |new [old {new |old |new |old {new
Dilution |Temp. (deg.C) |25.3 24.1f 24.8 24.2 25.3 24.5 25.0
10% |D.O. (ppm) 8.10|8.20] 8.40{8.40] 8.30]8.40] 8.50{8.20| 8.20|7.30] 7.40]8.30| 8.50|8.00
pH (SU) 6.59]7.14] 7.14}6.71] 6.76]7.03] 7.06]7.51| 7.51}7.65] 7.65|7.32] 7.29]7.47
| Dayl | Day2 | Day3 | Day4 | Day5 | Day6 | Day7
Conc. |Parameter Init {old {new jold |new {old {new {old |new Jold |new jold |new Jold jnew
Dilution {Temp. (deg.C) |24.t 24.9 24.0 259 -} 25.7 25.2 25.7
100% |D.O. (ppm) 8.30|8.10{ 8.70]8.30{ 8.40]8.40] 8.90}8.20] 8.00{7.40} 7.30|8.60| 8.80|8.10
pH (SU) 6.62|7.26] 7.08{6.83{ 6.897.21| 7.01|7.68| 7.27{7.74] 7.63}7.36] 7.16{7.54
100% Effluent
Sample ID: Con 45010 | 45129 45261
Alkalinity (mg/1) 71 <5 9 6
Hardness (mg/l) 83 80 14 20
Conductivity (umhos/cm) 233 40 36 35




FSPO47 1.XLS

' SHEALY ENVIRONMENTAL SERVICES, INC.

South Carolina Ceriodaphnia Serial Dilution Chronic Tokicity Test

B Facility _ WESTINGHOUSE SAVANNAH RIVER COMPANY
‘ o | Date Reported: ~ 09/27/93
Sample Location FSP-047 : Date/Time Started: ~ 09/14/93 /:1800

Date/Time Ended:  09/21/93 / 1345

_ Effluent Sampling Data
Sample | Date/Time Collected | Lab LD. When Used
1 09/13/93./ —-- 45009  |09/14/93, 09/15/93
2 09/15/93 / 1310 45130  |09/16/93, 09/17/93
3 09/17/93 1 1015 45260  ]09/18/93, 09/19/93, 09/20/93

- Reproduction/Mortality Data

Average # %

Conc. - Offspring Mortality
Control 232 0
1% 222 0
3% 23.1 )
10%- . 218 _ 10
30% 17.4 10
100%+ N/A . 60

Comments:
g / : ' ,
QA/QC Byﬂudy’L. Ford, Assistant R‘eporteﬁf By: Laura F. Shealy, /
Laboratory Director Vice-President of,

Toxicological Secvices

Page 1




.
FSPO47_1.XLS

SHEALY ENVIRONMENTAL SERVICES, INC.

South Carolina Ceriodaphnia Serial Dilution Chronic Toxicity Test
Statistical Analyses

Fisher's Exact Test _ Significant mortality oberved at the 100%  °
effluent concentration. ' '

Chi-Square Goodness of Fit Test
Test Statistic = 3.56
(Data normally distributed)

Bartlett's Test for Homogeneity of Variances
Bartlett's B Statistic = = 7.28
(Homogeneous Variances)

Bonferroni T-Test
(Critical Value = 2.33)

Concentration . - - T Statistic

Control
1% 1.95
3% - 0.669
10% 0.875
30% 3.139
NOEC (No Observed Effect Concentration) : : 10%
LOEC (Lowest Observed Effect Concentration) 30%
ChV  (Chronic Value) ‘ 17.32%
Page 2
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REPRODUCTION/MORTALITY DATA CONTINUED-

v . (FSP-047) -
Treatment 4 (30 %) |
Day | 1 | 2 3 4 5 1 6 7 8 9 10
1 0 0 0 0 0 0 0 o} o} o
2 0 { o 0 0 0 0 0 0 .0 0
3 0 0. 0- 0 0 0 0 o] o} o
4 3 3 4 2 3 3 4 3 1.5 | 4
5 D/0 4 5- 6 | 4 4. 6 0 4 6
6 o 0 0 0 0 0 0 6 0 0
7 _ 11 12 11 11 |. 6. 15 10 10 9
TOTAL | 3 18 | 21 | 19 18 13 25 19 19 19
ADULT | D L L | L |-L L] L L L | L
L=Live L ' ' |
D=Dead X = 17.4
Treatment 5 (100%)
Day 1 2 | 3 | 4 5 6 7 |8 | 9 10
1 D/0 | D/O 0 D/0 0 0 0 0 0 0
2 ~ _ o | 0 0 0 0 0§ 0
3 _ B 0 _ D/0 0 0 | D/O 0 )
4 ~ B 0 1 0 D/0 _ 0 0
5**
x
7 .
TOTAL 0 0 0 0 0 0 0 0 0 0
ADULT| D | D L D D L D D L L
L=Live B
D =Dead X = N/A
** Test terminated
Page 3




WATER CHEMISTRY DATA
(ESP-047)

Day 1l | Day2 | Day3 | Day4 | Day5 | Pay6 | Day7

Conc. |Parameter Init jold fnew jold |new old jnew lold jnew |old |new |old |new Jold {new
Control [Temp. (deg.C) |24.1 24.5] | 242 24.8 24.7 25.2 25.3
0% |D.O. (ppm) 7.80{8.30] 8.20|8.10{ 8.30]8.60} 8.40]8.20| 8.20{7.50] 7.60]8.80| 8.90}8.40
pH (SU) ~ ]6.82}6.93] 6.90}7.00] 6.92]6.85| 6.82]7.09] 7.16{7.40] 7.20|7.00] 7.10]7.30

‘Day1 | Day2 | Day3 | Day4 | Day5 | Dayé6 | Day7

1 Conc. |Parameter . |Init|old jnew |old jnew jold |new jold |new |old |new Jold |new jold |new |
Dilution |Temp. (deg.C) |24.1] | 24.5] | 246 24.5 24.1 25.3 24.0|
1% |D.O. (ppm) ° ]7.90{8.30} 8.40}8.30} 8.00|8.60] 8.30]8.20} 8.20}7.30} 7.80}8.80} 8.90}8.20
pH (SU) 6.89]6.85| 6.84]7.04] 7.00}6.91} 6.94}7.27] 7.32}7.33] 7.52}7.05| 7.15{7.30

Dayl | Day2 | Day3 | Day4 | Day5 | Day6 | Day7
Conc. {Parameter - |Init]old |new }old |new |old |new |old |new |old {new Jold |new |old |new
Dilution |Temp. (deg.C) [24.5 24.0 24.6] | 243 | 247 24.9 25.1
10% |D.O. (ppm) 7.60{8.20] 8.20|8.40] 8.30|8.40| 8.30]|8.20] 8.20|7.30} 7.60}8.10| 8.£0]7.90
pH (SU) 6.87]6.88| 6.83]7.07] 6.79}6.98] 6.95)7.41) 7.38{7.52] 7.52{7.32] 7.17]|7.42

A Day1 | Day2 | Day3 | Day4 | Day5 | Day6 | Day7
Conc. {Parameter - |Init}old |new }old |new jold {new jold |new |old {new |old {new }old |new
Dilution {Temp. (deg.C) {24.6 24.0 24.2 24.5 ok ok ok
100% |D.O. (ppm) 5.30}8.10| 7.80{8.40{ 8.50]8.60| 8.50{8.20
pH (SU) 6.18]6.83]| 6.40]/6.88] 6.74{7.03] 6.77]7.49

100% Effluent

Sample ID: . Control | 45009 | 45130 | 45260
Alkalinity (mg/l) 71 10 32 11
Hardness (mg/1)] | 88 25 40 160
Conductivity (umhos/cm) 233 42 43 44

**Test terminated due to high mortality

Page 1
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FSPO12_1.XLS .

' SHEALY ENVIRONMENTAL SERVICES, INC.

South Carolina Ceriodaphnia Serial Dilution Chronic Toxicity Test

Facility WESTINGHOUSE SAVANNAH RIVER COMPANY
~ Date Reported: 09/27/93
Sample Location FSP-012° - ' Date/Time Started:  09/14/93 /1755

Date/Time Ended:  09/21/93 / 1315

Effluent Sampling Data ] ,
Sample Date/Time Collected | Lab I.D. When Used
1 09/13/93 / 45007  }09/14/93, 09/15/93
2 09/15/93 1 1020 45122 |09/16/93, 09/17/93
3 - 09/17/93 1 1040 45258 109/18/93, 09/19/93, 09/20/93
Reproduction/Mortality Data
Average # %
Conc. Offspring Mortality
Control 17.8. 10
1% . 14.4 10
3% ~16.1 0
10% 18.5 -0
30% - : 9.1 : 0
100% ' 0.4 .30
Comments: . 1% Concentration was abberrant

Lyt Dl (Y 3 M

QA( C Bﬁ Judy L. Ford, Assistant. Reporte/l By: Laura F. Shealy,
Laboratory Director Vice-President of

Toxicological Services
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FSPQI 2_1.XLS

SHEALY ENVIRONMENTAL SERVICES, INC.

South Carolina Ceriodaphnia Serial Dilution Chronic Toxicity Test
Statistical Analyses

Fisher's Exact Test No significant mbrtality observed at
any effluent concentration. ' ;

Chi-Square Goodness of Fit Test
Test Statistic = ' 17.01
(Data not normally distributed)

Bartlett's Test for Homogeneity of ‘Variances
Bartlett's B Statistic = 29.96 ‘
(Data does not have hamogeneous variance)

Wilcoxon Rank Sum Test With Bonferroni Adjustment

Concentration Rank Sum ~ Critical Value

1% 135 140

3% 945 | | 74.0

10% - 103.0 . ' 74.0

30% ' 55.0 | 74.0

100% 45.0 ' 61.0
NOEC (No Observed Effect Concentration) 10%
LOEC (Lowest Observed Effect Concentration) T 30%

ChV (Chronic Value) " 17.32%
Page 2
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REPRODUCTION/MORTALITY DATA CONTINUED

(FSP-012)
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REPRODUCTION/MORTALITY DATA CONTINUED

(FSP-012)
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REPRODUCTION/MORTALITY DATA CONTINUED

(FSP-012)

Treatment 4 (30%)

10

- 10

14

10
$L'

13

6
L

Day

TOTAL
-ADULT

Live

L=

9.1

I
o

-?Dead

Treatment 5 (100%)

D

10

D/0

D/0

D/0

‘Lost

>
L

Day

TOTAL
ADULT

L

=Live

0.4

I
<

D =Dead

* Animal lost in transfer

Page 3




WATER CHEMISTRY DATA

(ESP-012)
, Day 1 | Day2 | Day3 | Day4 | Day5 | Day6 | Day7
Conc. |Parameter Init |old Jnew Jold [new |old |new |old |new [old |new Jold |new |old |new |
Control {Temp. (deg.C) |24.5 25.0 25.2 24.1 25.6 25.4 2146 |
0% |D.O. (ppm) 7.90{8.20} 8.30}8.50| 8.70{8.20] 8.30}7.90} 7.90}7.60] 8.00{8.20] 8.00]7.80
pH (SU) 6.57/6.80] 6.76}6.72| 6.96]6.82] 6.69}6.81| 6.90]6.85| 7.00|6.78] 5.94]7.04
Dayl | Day2 | Day3 | Day4 | Day5 | Day6 | Day7
Conc. |Parameter Init {old |new jold |new jold |new Jold |new jold |new lold new {old |new
Dilution {Temp. (deg.C) [25.4 24.9 24.6 248 24.9 25.6] | 244
1% |D.O. (ppm) 8.00|2.40] 8.40}8.46] 8.50|8.30] 8.30]8.00| 8.00]7.50} 7.80|8.40} 8.50{7.90
pH (SU) 6.6716.76] 6.757.06] 7.106.73| 6.78]6.85| 6.89]7.10| 7.16]6.93} 5.91]7.12
. Day1 | Day2 | Day3 | Day4 | Day5 | Day6 | Day7
Conc. {Parameter Init jold |new jold jnew |old jnew |old |new |old |new Jold |new Jold |new
Dilution |Temp. (deg.C) |24.7 243} | 24.4 24.0 24.1 24.9 24.0
10% |D.O. (ppm) 7.70|8.30| 8.40|8.40} 8.60}8.20] 8.40]8.20] 8.00{7.40| 7.50|8.30| 8.30}7.80
pH (SU) 6.74]6.83] 6.85}7.11] 7.09]6.84] 6.84]7.03] 7.05]|7.22] 7.24]7.02} 7.01}7.16
Day1 | Day2 | Day3 | Day4 | DayS | Day6 | Day7
Conc. |Parameter Init{old |new |old |new |old |new |old |new |old |new |old |new |old new
Dilution |Temp. (deg.C) }24.3 24.1 24.8 25.6 25.1 25.1 25.9
100% |D.O. (ppm) 5.10|8.00| 7.40|8.40| 8.40|8.20] 8.40{8.00] 6.90}7.60} 7.80}8.60}| 8.10}7.80
pH (SU) 6.31{6.86| 6.47|7.01| 6.706.91] 6.55{7.07} 6.6317.28] 7.35|6.70] 6.98}7.19
100% Effluent
Sample ID: Con 45007 | 45122 | 45258
Alkalinity (mg/l) 71 29 18 17
Hardness (mg/1)| 38 100 36 240
Conductivity (umhos/cm) 233 50 49 48

Page 1




'FSP256_1.XLS

SHEALY ENVIRONMENTAL SERVICES, INC.

South Carolina Ceriodaphnia Serial Dilution Chronic Toxicity Test

- Facility WESTINGHOUSE SAVANNAH RIVER COMPANY
7 Date Reported: 09/27/93 ~
Sample Location = FSP-256 Date/Time Started: ~ 09/14/93./ 1830
' oo Date/Time Ended: 09/21/93 [ 1355
Effluent Sampling Data :
Sample Date/Time Collected | Lab I.D. When Used
1 09/13/93 | — 45010  |09/14/93, 09/15/93
2 09/15/93 / 1325 - 45129  109/16/93, 09/17/93
3 09/17/93 / 0950. 45261 -109/18/93, 09/19/93, 09/20/93
Reproduction/Mortality Data
' - Average # %
Conc. Offspring Mortality
Control 24.1 10 -
1% 21.6 0
3% 22.3 0
10% 22.1 0
30% 19.2 10
- 100% 15.0 10
Comments:

/7/105%7( Qm# /

- QA/QC BY: Judy )

Ford Assistant

Liboratory Director

ﬁf.\_wﬂé

Reported By: Laura F. Shealy,
Vice-President of
Toxicological Services
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SHEALY ENVIRONMENTAL SERVICES, INC.

South Carolina Ceriodaphnia Serial Dilution Chronic Toxicity Test
- Statistical Analyses

Fisher's Exact Test No significant mortality observed at any
effluent concentration. : L

Chi-Square Goodness of Fit Test
Test Statistic = 20.78
(Data not normally distributed) -

Bartlett's Test for Homogeneity ofVariances
Bartlett's B Statistic = 6.32
(Homogeneous. Variances)

Steel's Many One Rank Test
(Critical Value = 75.0)

Concentration Rank Sum
1% . 81
3% 89
10% 88.5
30% o 78.5
100% 65.5
NOEC (No Observed Effect Concentration) 30%
LOEC (Lowest Observed Effect Concentration) o 100%
'ChV  (Chronic Value) 54.77%
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REPRODUCTION/MORTALITY DATA

(ESP-256)
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REPRODUCTION/MORTALITY DATA CONTINUED
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REPRODUCTION/MORTALITY DATA CONTINUED

(FSP-256)

Treatment 4 (30%) '
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WATER CHEMISTRY DATA
(FSP-256)
Dayl | Day2 | Day3 | Day4 | Day5 | Day6 | Day7
Conc. |Parameter Init {old {new [old [new |old |new fold |new |old {new |old |new [old {new
Control |Temp. (deg.C) |24.5] | 24.8] 2591 {246] | 244 24.7} 24.6}
0% |D.O. (ppm) -|8.10)7.80] 8.10]8.50] 8.60]8.60] 8.40]8.20] 8.30}7.80] 7.90|8.60] 8.70}8.10
' pH (SU) 6.40]6.93] 6.74]7.06] 6.90]6.80] 6.91|6.99] 7.16]6.87] 6.95]6.81} 6.90]7.40]
, _ Dayl | Day2 | Day3 | Day4 | Day5 | Day6 | Day7
Conc. |Parameter Init Jold |new jold |new }old |new jold |new [old |new |old jnew Jold |new
Dilution [Temp.. (deg.C) 24.50 = | 24.4 26.0 24.5 25.0 25.9 247
1% |D.O. (ppm) 8.10{8.00] 8.20]8.40} 8.60{8.50] 8.80}8.20} 8.30/7.70] 8.00}8.70} 8.60}8.10}
pH (SU) '16.55}6.71} 6.72{6.83] 6.84]7.01) 7.05)7.29) 7.43}6.94} 6.99}6.68] 6.90}7.43
Dayl | Day2 | Day3 | Day4 Day5 | Day6 | Day7
Conc. }JParameter - Init jold }new Jold jnew }old jnew |old jnew Jold jnew jold jnew jold {new
Dilution [Temp. (deg.C) [24.5] | 25.2 24.1 25.3 25.5 24.1 24.7
10% |D.O. (ppm) 8.10]8.10] 8.40}8.40} 8.60{8.70{ 8.80}8.20} 8.20{7.60{ 7.90}8.60] 8.80]7.90
‘ pH (SU) 6.67}6.74] 6.79|6.89] 6.90{7.10] 7.10{7.49] 7.49}7.12} 7.14{6.91 6.90{7.50
Dayl | Day2 | Day3 | Day4 | Day5 { Day6 | Day7
Conc. |Parameter Init jold jnew {old [new jold {new jold {new |old |new |old {new {old |new
Dilution |Temp. (deg.C) |24.5 25.1 24.1 25.4 24.4 24.0 24.1
100% {D.O. (ppm) 8.30]8.20] 8.60]8.50] 8.00]8.40} 9.00]8.00] 6.80|7.60]| 7.80]8.60] 8.60]8.00
pH (SU) 6.6616.84{ 6.80]7.03| 7.00{7.21{  7.02|7.62] 7.23|7.24] 7.05{7.10] 7.30|7.58
‘ 100% Effluent
Sample ID: Con 45010 | 45129 | 45261
Alkalinity (mg/l); 71 52.8 85.1 50.4
Hardness (mg/)| 88 95 34 160
Conductivity (umhos/cm) 233 124 112 115
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7-DAY CHRONIC TOXICITY TESTS
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Summary of Efﬂuent Toxxcnty Test Condmons for the Cenodaphma

Table 1.
Survival and Reproduction Test
1. Test Type: Static Renewal

2. °  Temperature (°C): 25 + 19C

3. Light Quality: Amblent laboratory 111ummat10n
‘4, Light Intensity: 1020 uE/mZ/s (50-100 ft—c)

B (ambient laboratory levels) -
5. - Photoperiod: 16 h light, 8 h darkness
6. Test chamber size: 30 mL '
- 7.: Test solution volume 15 mL
8.  Renewal of test concentrations: Daily
9. Age of test organism Less than 24 h; and all released within a
' 12-h period.
10. No. neonétes per test chaniiﬁer: 1
11.  No. Replicate test chambers
per concentration: 10
12.  No neonates per test
: concentratlon 10
13. Feedmg regime: Feed 0.1 mL of YCT and algae
suspension per test chamber daily.

14.  Aeration: None

15.  Dilution water: Receiving water

16. 5 concentrations and. a control.

Effluent concentrations: -

¢ .




- 20.  Test Acceptability:

[
el I B

/ : - /’

Table 1. Summary of Effluent Toxicity Test Conditions for the Ceriodaphnia

' . Survival and Reproduction Test (Continued)

17.  Dilution factor: = 0.30r0.5

18.  Test duration: : . Until 60% of control females have thret_:

broods (6 - 7 days).

19.  Endpoints: Survival and réproducﬁqp '

80% or greater survival and an average of
15 or more young/surviving female in the
control solutions. At least 60% of
surviving females in control should have -
produced their third brood. o

21.  Sampling requirement: T Three samples were collected (Monday,
. ' Wednesday, and Friday) | _




Results for the Ceriodaphnia chronic toxicity‘tests performed for the Met Lab Basin and HSP
samples September 23 - 30, 1993, are summarized below in Table 2 with individual data
reports given in Appendix B. Copies of benchsheets for these tests are given in Appendix C.

Table 2: Summary of Results from Chronic Ceriodaphnia Toxicitiy Tests Performed
for WESTINGHOUSE SAVANNAH RIVER COMPANY's Met Lab Basin
and HSP samples collected the September 23, 27, and 28, 1993.
NOEC LOEC : Chv |
Sample Location . (% Sample) - (% Sample) (% Sample)
Met Lab Basin #1 .50 T 160 o 70.7
Met Lab Basin #2 2 A - 50 35.4
HSP-008 100 Not Observed >100
HSP-20 _ 3 10 . .55
HSP-60 L 10 30 17.3
HSP-103 .3 10 5.5

Results from tests p_erformed on HSP samples indicated that the HSP-OOS sample vs)as not
acutely or chronically toxic to the test organism during the sampling period. The No Observed
B Effect Concentration (NOEC) for this test was 100% sample. The results for all other HSP
samples; however, revealed some acute and/or chronic toxiciiy to the Ceriodaphnia with

‘ NOEC's ranging from 3% to 100%. Results for tests performed on Met Lab Basin #1 and #2
samples revealed NOEC's of 50 and 25%, respectively. Table 3 gives the detailed summary

of reproduction and mortality data obtained for toxicity tests per‘formed for the HSP and Met

Lab Basin samples.




Table 3. .  Summary of Reproduction and Mortality Data Obtained from Toxicity Tests
“performed September 23 - 30, 1993, on Met Lab Basin and HSP Samples.
. ‘ X No. Young :
Sample ID Treatment Produced % Mortality
| Met Lab Basin #1 Control 15.9 20
: 6.25 15.1 20
12.5 12.8 10
25 13.4 0
50 10.4 0
100 - 100
Met Lab.Basin #2 Control 15.9 10
6.25 15.3 0
12.5 14.9. 0o
25 11.8 0
50 5.8 0
. _ 100 5.5 10
HSP-008 Control 21.2 0
1 26.7 0
3 28.6 0
10 27.3 10
30 25.9 0
) 100 17.9 30
HSP-20 - Control 29.8 0
1 27.7 10
3 30.3 0
10 25.7 0
30 12.4 0
100 1.6 0
HSP-60 - Control - 26.7 0
1 25.6 0
3 25.5 0
10 23.5 10
30 19.3 0
100 10.5 10
HSP-103 Control 15.8 o -
I 15.2 0
3 12.3 0
10 12.2 0
30 7.6 10
100 7.2 0
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SHEALY ENVIRONMENTAL SERVICES, INC.

South Carolina Ceriodaphnia Serial Dilution Chrenic Toxicity Test

K WESTINGHOUSE SAVANNAH RIVER COMPANY

* Facility
‘ ' Date Reported: 10/04/93 - _
Sample Location ~HSP - 008 Date/Time Started: ~ 09/23/93'/ 1040
Date/Time Ended: 09/29/93,/ 1400
Effluent Sampling Data _ '
Sample Date/Time Collected | Lab L.D. ‘When Used
1 - 09/22/93 1 1115 45429  109/23/93, 09/24/93
2 09/24/93 1 1030 45562 . |09/25/93, 09/26/93, 09/27/93
3 09/27/93 / 1030 45608  109/28/93, 09/29/93
Reproduction/Mortality Data -
_ ' Average # %
Conc. Offspring Mortality
Control 212 0
1.0% 26.7 0
3.0% : 28.6 0
10% S 213 10
30% 259 0
100% 17.9 30
Comments:

Nptsih Indl

@M&M

QAHAC Byﬂudy L. Ford, Assistant
Laboratory Director

ReportedlBy Laura F. Shealy,
Vice-President of
Toxicological Services
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SHEALY ENVIRONMENTAL SERVICES, INC.

South Carolina Ceriodaphnia Serial Dilution Chronic Toxicity Test

Statistical Analyses

Fisher's Exact Test:  No significant mortality observed at any

effluent concentration.

_ Chi-Square Goodness of Fit Test

Test Statistic = 1.56
(Data normally distributed)

Bartlett's Test for Homogeneity of Variances
Bartlett's B Statistic - 15.5

(No homogeneous variance)

Wilcoxon Rank Sum Test With Bonferronni Adjustment

Concentration ) Rank Sum ' Criticat Value
1+ Control o
1% 134 74.0
3% 141 ' - 74.0
0% .. 121 61.0
30% 133 . 74.0
100%: 100 , 74.0
NOEC (No Observed Effect Concentration) 100%
LOEC (Lowest Observed Effect Concentration) Not observed
ChV (Chronic Value) ' > 100%
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REPRODUCTION/MORTALITY DATA

(HSP-008)
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REPRODUCTION/MORTALITY DATA CONTINUED

A (HSP - 008)
Treatment 2 (3%)
Day 1 2 3 4- 15 6 7 8 9 10 |
T o1 o o] o] oo o] ool o
2 0 0 | o 0ol o0 o0 o 0| o | o
3 0 0 -0 0 -0 3 2 3 o 3 3
4 - 5 6 6 5 4 0 0 -0 0o . 0
5. 10 10 11 10 { 7 7 9 11 8 10
6 18 17 19 16 | 9 16 17 15 16 10
TOTAL | 33 | 33 | 36 | 31 | 20 | 26 | 28 | 20 | 27 | 23
ADULT L L | L L L L L L L L

D =Dead X = 28.6
Treatment 3 (10%)
Day . | 1 | -2 3 4 5 | 6 | 7 | 8 9 10 -
1 0 0 0 0 0 0| o 0 0 0
2 0 ol o 0 0 0 0 0 « | 0
3 4 4 5. 1.0 3 4 0 0 - 0
4 0 0 0 5 0 0 5 4 - 4 i
5 9 10 10 '8 7 9 11 10 - 8
6 16 | 16 ] 14 15 | D5 16 12 17 -- 15
7 ' | )
TOTAL | 29 30 | 29 28 15 29 28 31 « |27
ADULT| L L L | L D L | L L Lost L
L=Live :
D=Dead X = 21.3

* Animal lost in transfer
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REPRODUCTION/MORTALITY DATA CONTINUED

(HSP-008)
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WATER CHEMISTRY DATA

(HSP-008)
_ . Dayl | Day2 | Day3 | Day4 | Day5 |-Day6 | Day?7
Conc. |Parameter - {Init old {new jold {new {old {new |old {new {old {new |old fnew lold |new
Control [Temp. (deg.C) |24.70 ~ | 24.7] | 243 245 1248 4.3 |
0% |D.O. (ppm) 8.30}8.20{ 8.30] 7.60} 7.60}8.00} 8.00{8.30] 8.40{7.40} 7.40}8.40
' pH (SU) 6.61]7.31{ 7.25] 6.94} 6.95|7.02} 6.97}6.83] 6.85}6.75| 6.87]7.04
N Dayl | Day2 | Day3 | Day4 | DayS | Day6 | Day7
Conc. |Parameter Init fold |new Jold |new old fnew |old jnew }old |new Jold jnew Jold jnew |
Dilution | Temp. (deg.C) }25.0 25.3) 24.6 24.3 25.2) | 244 ‘ '
1% |D.O. (ppm)  }8.40{8.30{ 8.40] 7.60} 7.70 8.00} 8.00{8.20} 8.20{7.60} 7.60{8.70} . .
' pH (SU)  }6.786.99] 6.89] 7.02} 6.99}7.02} 6.96}7.21} 7.13]6.75| 6.74]7.04}
o Dayl | Day2 | Day3 | Day4 | DayS | Day6 | Day7
Conc. |Parameter ~  |Init]old jnew Jold [new {old jnew jold [new }old jnew |old {new |old jnew
Dilution |Temp. (deg.C) }24.4 24.1 244]  F246]  |2ss| ]aas ’
. 10% |D.O. (ppm)  |8.20{8.20| 8.30] 7.60} 7.70|8.00} 8.10}8.20} 8.20|7.60} 7.70}8.70
pH (SU) - 6.91{6.69] 6.64] 7.14} 7.08}7.07} 7.02|7.42} 7.37}6.86| 6.83|7.10
Day 1 Day2 | Day3 | Day4 | DayS | Day6 | Day7
Conc. |Parameter . tInit Jold |new lold Enew lold |new |old {new |old [new |old {new {old jnew
Dilution {Temp. (deg.C) |24.6 24.1 24.5 24.5 24.7 25.2 '
100% {D.O. (ppm) 7.20{8.10{ 8.00} 7.40} 7.00|8.00f 7.90}8.30} 8.60}7.60} 7.20}8.90
pH (SU) - 6.92]7.04] 6.98} 7.25} 7.15{7.25} 7.14}7.49} 7.38|7.08} 6.93|7.26
: 100% Effluent
Sample ID: Control | 45429 | 45562 | 45608
Alkalinity (mg/1) 70 104 126 142
Hardness (mg/1) 90 60 28 18
Conductivity (umhos/cm) 183 335 360 381
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SH_EALY ENVIRONMENTAL SERVICES, INC.

South Catolina Ceriodaphnia Serial Dilution Chrenic Toxicity Test

WESTINGHOUSE SAVANNAH RIVER COMPANY

Facility
Date Reported: - 10/04/93-
Sample Location: ~ HSP - 020 Date/Time Started: ~ 09/23/93 / 1100
| ' Date/Time Ended: ~ 09/29/93 / 1345 .
Effluent Sampling Data
Sample Date/Time Collected Lab L.D. When Used
1 09/22/93 / 1100 45430 09/23/93, 09/24/93
2 09/24/93 7 1015 45563 09/25/93, 09/26/93, 09/27/93
3 09/27/93 / 1030 45609 09/28/93, 09/29/93 1
Reproduction/Mortality Data
Average # %
Conc. Offspring Mortality
Control 29.8 0
1.0% 21.7 10
- 3.0% o 30.3 0
10% 25.7 0
30% - 12.4 0
100% 1.6 0
Comments: -

e &%Wé/

QA/QC By7/ Judy L. Ford, Assistant
Laboratory Director

Reported lBy Laura F. Shealy,
Vice-President of
Toxicological Services
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SHEALY ENVIRONMENTAL SERVICES, INC.

South Carolina Ceriodaphnia Serial Dilution Chronic Toxicity Test

- Statistical Analyses

Fisher's Exact Test:  No significant mortality observed at any

effluent concentration.

Chi—Square. Goodness of Fit Test
Test Statistic = 6.16
(Data normally distributc_ti)

Bartlett's Test for Homogeneify of Variances
Bartlett's B Statistic . 266

_(No homogeneous variance)_

Wilcoxon Rank Sum Test With Bonferronni Adjustment

. Concentration Rank Sum Critical Value
, Control , ' ’ ’
1% 102 74.0
3% 112 74.0
10% .. 68.5 74.0
30% 55.0 74.0
100% 45.0 61.0

- NOEC (No Observed Effect Concentration)
LOEC (Lowest Observed Effect Concentration)
ChV  (Chronic Value) '

Page 2
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REPRODUCTION/MORTALITY DATA -

(HSP-020)
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REPRODUCTION/MORTALITY DATA CONTINUED

(HSP - 020)

- Treatment 2 (3%)
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REPRODUCTION/MORTALITY DATA CONTINU ED

(HSP-020)
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WATER CHEMISTRY DATA

(HSP-020)
Day1 | Day2 | Day3 | Day4 | Day5S |-Day6 | Day7
Conc. |Parameter Init jold {new fold |new |old jnew Jold |new |old |new |old jnew Jold jnew |
Control {Temp. (deg.C) |24.4 24.5 247 | 25.3 24.8 24.4 24.2
0% |D.O. (ppm) 8.40|8.40] 8.40] 7.80] 7.70}8.20} 8.10]8.30} 8.40}7.70} 7.70{8.40} 8.20}7.80
pH (SU) }6.8517.41} 7.38] 7.11} 7.10]7.22] 7.18}7.32} 7.24}7.06} 6.99]6.89} 6.94}6.89
Dayl | Day2 | Day3 | Day4 | DayS | Day6 | Day7
Conc, |[Parameter Init {old Jnew Jold {new Jold |new {old |new Jold |new old {new |old |new
Dilution [Temp. (deg.C) f24.9] {251 1252} | 259 25.3 25.1). | 243
" 1% . |D.O. (ppm) 8.40{8.60{ 8.50} 7.60} 7.80{8.20} 8.20}8.20} 8.40}7.70} 7.70{8.60} 8.40{7.90
pH (SU) 6.75)7.19{ 7.10] 7.24} 7.19{7.34} 7.27{7.21§ 7.13{7.24} 7.18|7.07} 6.90|6.83
Dayl | Day2 | Day3 | Day4 | Day5 | Day6 | Day7
Conc. |Parameter . |Init |old {new |old |new |old |new |old {new lold [new lold fnew |old fnew
Dilution {Temp. (deg.C) {24.8 25.1 24.7 25.8 25.9 25.7 24.6
10% {D.O. (ppm) 8.20]8.40| 8.60] 7.80} 7.60|8.00} 8.10{8.40} 8.00}7.70} 7.60|8.50] 8.50|7.90
pH (SU) 6.77|6.74] 6.51} 7.30} 7.24]7.42} 7.39|7.54] 7.51}7.34] 7.23}7.20}f 7.00/6.95
" Day1°| Day2 | Day3 | Day4 | Day5 | Day6 | Day7
- Conc. |Parameter Init Jold {new jold [new {old jnew }old {new jold jnew }old fnew |old new
Dilution {Temp. (deg.C) |24.7 24.9 25.6 25.2) 25.4 25.9 24.3
100% |D.O. (ppm) 6.80{8.20| 8.30] 7.20} 6.00}7.70} 7.20|7.60} 6.00|7.20} 6.30|7.80} 7.30}7.80
pH (SU) 6.70{7.07] 7.02] 7.08} 7.06{7.29} 7.19}7.18} 7.15}7.16} 7.06{6.96} 6.77]7.10
100% Effluent ,
Sample ID: Control | 45430 | 45563 | 45609
Alkalinity (mg/l) 70 42 94 72
Hardness (mg/1) 90 140 60 60
Conductivity (umhos/cm) 183 112 141 146
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SHEALY ENVIRONMENTAL SERVICES, INC.

South Carolina Ceriodaphnia Serial Dilution Chronic Toxicity Test

Facility  WESTINGHOUSE SAVANNAH RIVER COMPANY
, : Date Reported: .~ 10/04/93
‘Sample Location: _ HSP - 060 Date/Time Started:- . 09/23/93 1 1100
. . Date/Time Ended: ©09/29/93 / 1400
K Effluent Sampling Data :
Sample . Date/Time Collected Lab I.D. - When Used
1 09/22/93 1 1030 45431 09/23/93, 09/24/93
2 09/24/93 / 1000 45564 .~ 109/25/93, 09/26/93, 09/27/93
3 09/27/93 1 1000 45610 09/28/93, 09/29/93 : !
Reproduction/Mortality Data
Average # %
Conc. : - Offspring Mortality
Control 26.7 0 '
1.0% 25.6 0
3.0% 1 25.5 0
. 10% 23.5 10
30% 19.3 0
100% 10.5 _ 10
Comments:
m@[% Qmj Q? &%/{/7
. Judy L. Ford, Assistant Reported By Laura F. Shealy, /
Laboratory Director Vice-President’ of
Toxicological Services
Page 1



SHEALY ENVIRONMENTAL S»ERVICES, INC.

South Carolina Ceriodaphnia Serial Dilution Chronic Toxicity Test
Statistical Analyses

Fisher's Exact Test: No significant mortality observed at any

effluent concentration.

Chi-Square Goodness of Fit Test
Test Statistic = 4.67
(Data normally distributed)

Bartlett's Test for Hoinogeneity of Variances
Bartlett's B Statistic = 26.5
(No homogeneous variance)

Steel's Many One Rar;k Test
(Critical Value = 75.0)

~_ Concentration ~ : Rank Sum
Controt ’
1% ‘ 89.0
3% ... 89.5
10% : - 925
30% - 575
100% ’ 55.5
NOEC (No Observed Effect Concentration) 10%
LOEC (Lowest Observed Effect Concentration) 30%
ChV (Chronic Value) ' 17.32%
Page 2




RERRODUCTION/MORTALI‘I‘Y DATA

(HSP-060)
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REPRODUCTION/MORTALITY DATA CONTINUED |

(HSP - 060)

Treatment 2 (3 %) |
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WATER CHEMISTRY DATA

(HSP-OGO); .
Dayl | Day2 | Day3 | Day4 | Day5 | Day6 | Day7
Conc. |Parameter Init old {new |old fnew {old |new |old |new |old {new lold |{new jold |new |
Control {Temp. (deg.C) |24.8 24.7 24.7 24.8 24.8] | 245 '
0% |D.O. (ppm) }8.30]8.40] 8.40} 7.60} 7.80}8.20} 8.20}8.50} 8.20}7.70} 7.80}8.40
pH (SU) 6.63]7.11} 7.25] 7.09} 6.91]|7.14} 7.06}6.87} 6.92}6.94] 6.95/6.99
: _ Dayl | Day2 | Day3 | Day4 | DayS | Day,6 | Day7
Conc. |Parameter Init jold jnew Jold |new jold jnew jold {new jold {new jold {new lold fnew |
Dilution |Temp. (deg.C) 25.1f | 25.2f 25.5 25.5} 25.0 260 | - '
1% |D.O. (ppm) . }8.20{8.30{ 8.40] 7.70} 7.80}8.30f 8.30]8.20} 8.30{7.80} 7.90{8.50
pH (SU) 6.82]7.49} 7.48} 7.29} 7.19}7.31} 7.23}7.31} 7.32}6.99} 7.04}7.11
Dayl | Day2 | Day3 | Day4 | Day5S { Day6 | Day7
"Conc. |Parameter « Init fold |new |old fnew |old jnew jold [new |old fnew |old jnew lold fnew
Dilution [Temp. (deg.C) §25.4| 24.7 25.1 25.9 24.7 24.9
10% |D.O. (ppm) 8.30}8.40{ 8.30} 7.60} 7.80}8.20} 8.20}8.50} 8.20]|7.80} 7.80|8.40
pH (SU) 7.05{7.58{ 7.51| 7.38] 7.31}7.42} 7.37}7.58} 7.57{7.11} 7.16}7.27 -
Day 1 Day2 | Day3 | Day4 | Day5 | Day6 | Day7
Conc. |Parameter Init Jold {new [old }new {old {new [old {new {old |new [old {new {old {new
Dilution | Temp. (deg.C) }25.9 24.3 25.7 25.7 24.5 25.1
100% |D.0. (ppm) 8.20]8.20] 8.40] 7.60} 7.60{8.20} 8.60}8.40} 8.20|7.90] 8.10|8.30
pH (SU) 7.09{7.55} 7.11} 7.25} 7.25|7.08} 6.97}7.71} 7.36}7.36} 7.28{7.67
100% Effluent
Sample ID: Control | 45431 45564 | 45610
- |Alkalinity (mg/l)* 70 20 <5 44
 |Hardness (mg/D)| 90 26 20 20
Conductivity (umhos/cm) 183 211 174 156

Page
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SHEALY ENVIRONMENTAL SERVICES, INC.

South Carolina Ceriodaphnia Serial Dilution Chronic Toxicity Test

Facility . WESTINGHOUSE SAVANNAH RIVER COMPANY
: ' -~ Date Reported: 10/04/93 -
Sample Location  HSP - 103 .  Date/Time Started: ~ 09/23/93 / 1030
' ' - Date/Time Ended: ~ 09/29/93/ 1430
" Effluent Sampling Data
" Sample | Date/Time Collected | LabL.D. - When Used
1 09/22/93 / 1000 . 45232 109/23/93, 09/24/93
2 09/24/93 1 0930 45565  109/25/93, 09/26/93, 09/27/93
-3 - 09/27/93 1 0930 45611  109/28/93, 09/29/93.
Reproduction/Mortality Data
Average # %
Conc. - Offspring | Mortality
Control 15.8 0
1% 15.2 0
3% e 12.3 - 0
10% , 122 0
30% 76 10
100% - 7.2 - 0

Comments:

oty 15 Ip (Yo QIR
QA/EC By:(/judy L. Ford, Assistant chorteE(By: Laura F. Shealy, /
Laboratory Director Vice-President of

Toxicological Services

Page 1




SHEALY ENVIRONMENTAL SERVICES, INC.

South Carolina Ceriodaphnia Serial Dilution Chronic Toxicity Test
' ’ Statistical Analyses -

Fisher's Exact Test No sigfxiﬁcant mortality observed at any
effluent concentration. ) :

Chi-Square Goodness of Fit Test
Test Statistic = 2.2
(Data normally distributed)

Bardett's Test for Homogeneity of Variances
Bartlett's B Statistic = - 19.0
(No homogeneous variance)

Wilcoxon Rank Sum Test With Bonferronni Adjustment

Concentration .- Rank Sum Critical Value

< Control
1% 94.5 74.0
3% ;. 64.0 _ - 61.0
10% ~ - ' '74.0 74.0 ;
30% 59.0 : 74.0
100% 55.0 , 74.0
NOEC (No Observed Effect Concentration) 3%
.LOEC (Lowest Observed Effect Concentration) 10%:

ChV (Chronic Value) 5.50%

Page 2




REPRODUCTION/MORTALITY DATA

(HSP-103)
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REPRODUCTION/MORTALITY DATA CONTINUED

(HSP-103)
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WATER CHEMISTRY DATA

(HSP-103)
Day 1 Day2 | Day3 | Day4 | Day5 | Day6 | Day7
Conc. |Parameter Init jold jnew jold }new lold jnew jold [new |old jnew jold f{new }old jnew
Control |Temp. (deg.C) |24.5 2450 | 25.0] | 251 24.5 24:5 '
0% |D.O. (ppm) 8.00{8.50] 8.40| 7.70} 7.90{8.20f 8.30{8.40} 8.40|7.80} 8.30{8.70} .
’ pH (SU) 6.92{7.41| 7.48] 7.17} 7.05{7.08] 6.92]7.34} 7.43{7.03] 7.10{7.57
Dayl | Day2 | Day3 | Day4 | Day5 | Day6 | Day7
Conc. |Parameter Init jold jnew Jold |new {old fnew jold |new |old {new ]old {new old |new
Dilution {Temp. (deg.C) }25.1f .| 25.9 25.6 - 25.0 25.0 24.7 |
1% |D.O. (ppm) 8.10{8.70] 8.40} 7.70} 7.80{8.20} 8.20{8.40} 8.30|{7.80} 7.80}8.60
pH (SU) 6.83]7.66{ 7.55| 7.34} 7.31|7.32} 7.22|7.59} 7.57}7.22} 7.30|7.72
Dayl { Day2 | Day3 | Day4 |- Day5S | Day6 | Day7
Conc. |Parameter < Init {old |new |old {new |old |new jold fnew |old |new }old |new |old fnew
Dilution |Temp. (deg.C) }24:8 25.4 24.9 25.9 26.0 252
10% {D.O. (ppm) 8.30]8.60| 8.40] 7.70} 7.60}8.20} 8.00]8.50} 8.30}7.80] 7.80}8.80
pH (SU) 6.767.64] 7.58] 7.36} 7.31}7.36} 7.28|7.66} 7.57}7.40} 7.40}7.77 -
Day 1 Day 2 Day3 | Day4 | Day5S | Day6 | Day7
Conc. |Parameter Init jold |new Jold new jold fnew {old {new jold fjnew |old fnew }old fnew
Dilution {Temp. (deg.C) }25.1 25.3 25.6 25.8 25.5 25.3
100% |{D.O. (ppm) 7.70|8.40} 8.10| 7.40} 5.70}7.90} 6.40}8.20f 5.90|7.50f 6.20|8.60
pH (SU) 6.49]7.51{ 6.98] 7.09} 7.09|7.05| 7.00{7.58} 6.97}7.49} 6.96{7.89}
100% Effluent
Sample ID: Control | 45432 | 45565 | 45611
Alkalinity (mg/1) 70 12 40 32
Hardness (mg/1) 90 32 95 60

Conductivity (umhos/cm)




. APPENDIX E

1994 Toxicity Tests (from ETT Environmental, Inc., 1994a)
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/ ’ R . ) 3 . ) . -
DEFINITIVE SURVIVAL AND REPRODUCTION

Clieat:WSRC Ssmple’ ID: FSP 012 ' Start Date: 4~28-94 o Start Time: 3:00 Pu

Log #: T2439 - End Date: 5-07-94 - End Time: 3:00 PM

TEST CONCENTRATION: ox ) . ]D.O D;O pH| pH|I TEST CONCENTRATION: 6.25% D.O|p.0] pH| pH
Day A B c D E F G H I J joldjnew]joldinew||Day A B C D E F G H I'| J |oldinewjold{new
2 0 1] /] ¢ {0 0 1] o ] 0 8.6 2.0 [} 0 0 0 4] 0 6|0 Q 8.1 7.7
3 0 0 0 1] 0 ol o (1] 0 0 8.2 30 0 o [ 0 1] (1} [} 0 0 8.3{7.9|7.7
4 0 [+ 0 0 0 [} [} 0 a [ 8.2 4 0 6 [} (1] 0 4 1] [} 0 3 |8.4]|8.4]8.1|8.0
5 0 4] 4 4 Q 9 [} [} 1 0 [8.4]8.86 5 2 0 7 7 7 0 o 7 6 6 {8.7(8.7(8.1]8.0 ,
6'. L (1] 9 7 & X 0 <] 0| 0 |8.6]|8.5 6 7 0 11 15. 0 0 {0 (1} 0 0 |8.418.4}7.8]7.4 ’
7 L 0 0 1] 0 X (1} 0 0 (1] 8,2 8.517.918.0f 7 ¢ 0 0 4 8! 4 [ 1 0 |16 |8.6]8.617.9{7.9
g8 Li6}lo]ojolx]e]s]e] s ] 8 o}sl10]o)]s4jofz2it1}jo]o]|s.8}l8.8/{8.1]7.9]
9 L {12 {10 |13 8 X 10 {12 |10 14 9 14 710 0 0 {t5 7 0 |14 ] 8.3

TOT O |18 |23 |24 |12.] 0 {16 {17 {17 [18 |16 | TOT23 {18 {28 {26 |19 ) 23 9 |33 |20 {25 (22

TEST CONCENTRATION 12.5% D.0}D.0; pH} pHi TEST CONCERTRATION 25% - D.OID.0O} pH)] pH
pay A{Blc D] ElFlG]H] I| J |loldnevwloldlienipay a | Bl ciplelelcijul 1! 3 lotdlnewioldinew
2 0j10f{01¢ cjlo{ojoioio 8.1 2 0lotof{ojojotolo [+] 8.2 .
3 0 [+ ] 0 0 G 0 o 0 0 |B.4§8.4]8.1]7.8f{ 3 0 [4] 0 0 0 [+} 0 g 0 |8.4|8.4

4 O 3 3 ‘2 0 [+] 3 5 3 0 |8.6 8_.2 8.2i8.1l 4 O 5 0 0 L] 5 5 4 3 {8.2)]8.4

5 8 9 3 4 6 6 6 & 3 8 {8.7|8.7 8-! 8.1 5 8 (10 8 110 [10 9 7 o {11 8 |8.8(8.8

6 11 0 j12 j10 jJ 0 0 0 0 0] 0 |8.6{8.6]7.8}7.6{ 6 12 0 {14 }12 0 (1} 0 {10 0 0 18.6f8.6

7 0 5 0 0 {10 [18 (17 $ {9 |14 |8.6(8.6(8.1]8.00l 7 0 |13 {12 | 0 |10 [13 J15 | 5 [11 {13 |8.6]8.6

8 7 0 1] [1] 0 110 0 (10 0 j10 |8.8 8.1 8 10 0 0 ¢ {10 o 0 (10 ] 0 |8.9{8.9

9 ojo [+ o |16 0 1] ) 9 0 |8.6 8.3 g 0 [} 1] 0 4] [} 1} 1] Q ]

TOT26 |17 |18 {16 |32 |34 126 {26 |24 |32 |25 TOT30 |28 |34 |22 |30 |27 |27 {29 {26 |24 |28

TEST CONCENTRATION S0% D.0O|{D.O} pH|{ pH}] TEST CONCENTRATION 100% D.O|D.0O] pH| pH
Day A B [o] D E F G H I J joldinewjold|newjiDay A B c D E F G H I J jold|newjold|new
2 0 0 [+ 0 ¢ R 4] 1] [ 0 8.0 5 2 0 (1] o 0 14 0 [} 1] a [+ SR 6.2
30 0 0 0 ¢ ] 0 0 0 0 8.4}]7.8)7. 3 0 0 0 0 0 0 0 0 0 0 8.417.3]6.7
4 0 4 [ 4 S 2 4 2 0 0 8.2!8.1]8.0 4« O ] 3 [} 3 31413 2 0 0 |8.2]18.4}7.5]7.4
s 7 9 6 8 9 9 & 9 9 7 8.718.0:17.935 5 3 ] 7 4 0 5 1 & 8 2 0 i8.6]8.617.517.5
6 0 ¢ J12 {11 0 [ 0 0 {11 0 8.5]7.8]7.5) 6 5 0 jt1o0 6 ¢ 0 0 0 0 0 |8.418.417.4|7.2
7 ¢ {11 {10 0 113 110 {12 {11 Qo {16 8.817.8172.94 7 o0 ] o} ¢ 6 0 {10 Q 1] 7 7.617.5
8 to 0 0 0 [+ 040 0 }j10 8 8.817.9{7.9} 8 10 4 0 112 {14 |10 0 {10 J12 }10 7.517.3
9 0 o 0 [} 0 ] o] 0 41} 4] 8.2 3 9 0 {12 0 0 0 /] 0 0 0 ] 7.8
TOT17 |24 (28 {23 {27 (21 (22 {22 {30 [31 |25 TOT18 |16 {20 {22 (23 |18 [17 {20 |14 [17 |19 )

TEM. °C Time TEM.*C Time TEM. " C Time " TEM.*C Time

Day 0 25.3 03:00 PM ! Day 2 25.3 09:15 AM Day 4 25.2 11:55 AM Day 6 24.8 04:15 PM
Day 1t 25.7 01:30 PM Day 3 25.7 12:40 PM Day S 25.2 064:30 PM Day 7 24.3 02:30 PM




/'

SAMPLING INFORMATION

'l‘.ype Start Date Time Har’dn_es; Mg/L|Alkalinity]Conductivity Res. Cl Rec.'renip.
Dilution Water|20XDMW|4-28-94 4'10_0‘ | s2.s1 232
Final Eff. 1 Grab|4-27-94 12:308m 7.84 13.38 30.6 <0.05 4.8°C
Final E£f. 2 | Grab|4-29-94 " 9:00AM . 7.84 13.38 36.1 0.08 3.8°¢c
nnu_xff‘. 3 Grab 5-02-9:; 9:00AM 9.8 '11.15‘ 32.5 0.15 2.9°¢c




-
_«E{<3:£;11“1.t::;

Client: WSRC' Sample ID: FSP 012 ' ‘IWC:
Log # : T2439 Start Date: 4-28-94 o ' Time: 3:00 PM

CHRONIG EFFECTS
' Control . ) Effluent

TEST CONCENTRATION . : SC.DMW  6.25% 12.5% 25% 50% ° 100%

Average young / female: : 16.1  22.4 25.1 - 21.7 24.5 18.5

Standard Deviation: . 7.03 6.5 6.47 3.37 4.4 2.76

t= ) -2.6 -3.7 -4.7 -3.4 -0.98

Steel's = E 137 140 153 142 118

MSD= 5.64

Normality: Data Not Normall W= 0.87

Homogeneity:Data Homogeneous B = 11.3 |

Test Used: Steel's Test
Critical Steel's Value: 75
Critical t Value: . 2.31 .

Chronic Toxicity

6.25% - No Chronic Toxicity

No—Observed~-Effect Concentration (NOEC): >100%
o 12.5% Ko Chronic Toxicity: . Lowest-Observed~Effect Concentration (LOEC): >100X%

7 Day EC50: >100%
25% No Chronic Toxicity

50% No Chronic Toxicity

No Chronic Toxicity




DEFINITIVE SURVIVAL AND REPRODUCTION
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SAMPLING INFORMATION

Type

Time

Rec.Temﬁ.

§t;rt the Hardness Mg/L Aika}inity Conductivity Res. CL/
‘Dilution Water zoinnw . 6-21-94 99.0 . - 95.22 260
Final Eff. 1 Grab] 6-22-94 11:00AM 59.2 2.1 411 <0.05 8:4'6
Final Eff. 2 Grab| 6-24-94 10:30AM §7.4 12.4 373 <0.05 6.1°C
Final Effﬁ 3 Gr;b 6~-27-94 10:00AM 59.2 14.5 ‘ 362. <0.0s 3.6°C




EscPa .
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'Results

Client: WSRC

‘Sample ID: ‘F§P204 : IWC:
Loz # : T2674 'Start Date: 6-23-94 Time: 3:30 PM
CHRONIC EFFECTS )
Control Effluent

TEST CONCENTRATION . 8C.DMW 6.25% 12.5% 25% 50% 100%
Average young / female: 28.1 27.7 28.4 29.1 22.4 0
Standard Deviation: 2.81 2.79 3.3t 2.64 4.27 0.00°

t = ' © 0.28 -0.2 -0.7 3.96 0.00

MSDP= 3.21

Normality: Data Normal W= 1.66

Homogeneity:Data Homogeneous B = 2.91

A d
Test Used: Dunnett's t Test
Critical Steel's Value: 75

Critical t Value:  2.23

Chronic Toxicity

No Chronic Toxicity

6.25%

12.5% No Chronic Toxicity

25% No Chronic Toxicity

50% Chronically Toxic

Chronically Toxic

No-Observed-Effect Concentration (NOEC):
Lowest-Observed-Effect Concentration (LOEC):
7 Day EC50: 70.71%

28%
50%




DEFINITIVE SURVIVAL AND REPRODUCTION
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SAMPLING 'INFORMATION

_ Type|Start Date| Time Hardaess Mg({. Allfalinity Conductivity "Res_...cl Rec.Temp.
Dilution Water|20%XDMW| 6-21-94 - 99,0 95.22 260 .
Final Eff, 1 Grab 6-2i—94 11:00AM 38.9 55.9 186.4 <04.0'5v 1.1°¢C
Final Eff. 2 Grab]| 6-24-94 -10:00AM 42.6‘ 74.5 197.5 <0.05 .7°c
Final Eff. 3 Grab| 6-27-94 10:00aM 37.¢0 89.¢ 211. .06 .3°c




Results
Client: WSRC Sample ID: . HSP-008 IWC:
Log # : T2684 Start Date: 6-23-94 Time: 4:00 PM
CHRONIC EFFECTS
Control Effluent .
TEST CONCENTRATION SC.DMH  6.25% 12.5% -25% 50% 100%
Average young / female: 27 27.9 30.3 31.9 33.1 33
Standard Deviation: & 3.14  4.32 5.3 2.69 5.83
t = -0.5 " -1.7 -=2.6 ~-3.2 -2.95
Steel's = 55 © 58 105 86 - 8§
MSD=  4.49 ' ’
Normality: Data Not Normal W= 0.72
. . i *
° Homogemeity:Data Homogeneous B = L 6.74

Test Used: Steel’'s Test

Critical Steel's Vvalue: 75

Critical t Value:

2.31

Chronic Toxicity

Chronic
Chronic
Chronic
Chronic

Chronic

Toxicity

Toxicity

Toxicity

Toxicity

Toxicity

No-Observed-Effect Concentration (NOEC):
Lowest~Observed—-Effect Concentration (LOEC): >100%

7 Day EC50: >100%

100%
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DEFINIT IVE SURVIVAL AND' REPRODUCTION
Clieat:WSRC Sample ID: HSP 102_! ' Start Date: 4-28-94 ) Start Time: 4:00 PM
Log #: T2441 oo End Date: 5-07-94 End Time: 3:15 PM
TEST CONCENTRATION: ox D.0|D.0O| pH| pH} TEST CONCENTRATION: 6.25% D.o}{p.o| pH| pH
Day A B Cc D E F G H I J {oldinew]|old|{newfiDay A B c D E F [+] H I J jold|inew|old|new
2 0O 0 0 (1] [+] 1] 0 [1] (1] 1] 2 0 0 V] ] 1] 0 1] o 0 1]
3 0 [+ 0 1] ol 0} 0 4 0 0. 3 0 0 (1} 0 2 7 4 S [} 0 {8.4
4 0o0jlol210]olofjsajofol]o ¢ olojlolo|1]1]3|]clo]oijs.s
5 3 3 5 3413 4 0 6 3 4 5 2 2 3 6 9 {10 {11 X 4 2 {8.8
6 0 g {10 ] 4 110 [] el o 0 6. ¢ 1) [\) ) LR R B [} X L ¢ {18.6
7 0 8 0 9 [i] 2 6 0 4] [} 7 0 [} 0 9 0 0 0 X L 0 |8.6
8 9 0 |13 10 11 |12 |10 1] 8 9 8 S 7 ¢ 0 0 0 0 X L 2 8.9
9 8 {18 ] ] 1] 0 0 0 |14 |14 9 8 J10 {14 {12 |70 o 0 X L {16 |8.8
TOT20 }29 (3C j22 j18 (28 120 {18 {25 {27 }24 . TOTIS {19 {17 j27 {12 |29 j18 5 4 {20 |18
TEST CONCENTRATION 12.5% ) p.0|P.0| pH| pH|| TEST CONCENTRATION 25% p.o|p.o| pH| pH
M - .
Day A B c D E ¥ G H 1 J joldinew|old|newjiDay A B c D E ¥ G H I J joldinewjoldjnew
2 ofo{olo{cjojojo{ofo 8.2|EE 2 0jolojolololo|lofo}]o
3 0 0 0 0 0 3 3 5 (] 0 [8.2]8.1]7.877.6}} 3 O 0 0 0 1 a 0 4 ] g
4 0 0 0 2 ] 4} 3 0 0 | 0 18.218.0(8.3]8.1)i ¢4 ¢ 1] ] 3 |13 0 0 0 4] o
5 & 3 8 "7 1] 6 {10 & 8 2 {8.6{8.6]7.9}7.7|| 5 8 2 4 7 6} 4 2 1] 2 2
6 0 0 0 0 8 9 ¢ 0 112 3 |8.6]8.6i8.0}j7.6] 6 O 0 1] 0 {13 14 | 9 9 1 0
7 7 6 |11 j10 o 0 {14 |14 10 0 [8.818.8{7.9{7.8}] 7 X 3 1 |12 0 0 0 X X{0
8 7 |12 {14 0 4} 0 [ [t} 0 0 |8.8|8.8]8.1}8.041 8 X jt0. ] © 0 0 0 4] X X 0
g 0] o0 @ g |{t6 [+] 4] 0 0 j13 (8.8 : 9 X 0 {14 t+ O 0 o |10 X X j16
TOT18 |21 {33 |19 [24 {18 |30 |25 |30 {18 |24 TOT 8 |15 |19 {22 }27 |18 {21 |13 3 |18 16
TEST CONCENTRATION 50% p.o|Dp.0o| pH| pH|] TEST CONCENTRATION 100% p.o|p.o| pu| pu
Day A B c )] E F G H I J jold]|newjold|new/[{Day A B c D E F G H I J joldinew]old|new
2 0 0 0 o 04 0 } 1] ] ] [+ 2 0 [ 1] 0 0 0 0 0 0 '0
3 o0} 0O 210 210}lo0{3}o0 3 ojJojxix|x}x\|3]o]ojo
4 0 0 3 4 3 [ 2 [ 0 2 4 X X X X X X 0|0 [¢] 1
s 3{t|l6l0o]le)4s6]le66]|s5]s]o s x|{x{x|x|x]|]x]olojo]o
.6 0 0 Q 0 116 |11 Q 8 |12 7 6 X | x x| x1!x X X Q o X {8 8. .
7 11 X |1 0 0 o121 0] 0 x 7 xi{x]x|x{x}|x|[xloej]o} xis8.7|8.7 817.4
8 13 X 6 |14 0 0 0 }j10 g X 8 X X X X X X X X X X 18.8}8 0
9 ojlx1i{o 0 0 o|lojal o} x 9 x|{x}lxi{xix|x]x]x]xlx
TOT27 1 {20 {20 {23 {17 |20 {23 l20 | 9 {17 . Tor 0 { 0l 0l aiag c|{3talo 1 0
TEM.*C Time , TEM. " C Tige TEM."C Time TEM.C’ Time
Day 0 25.3 04:00 PM Day 2  25.3 03:30 PM Day &  25.2 03:00 Py Day 6 24.8 04:30 PN
ﬁy 1 25.7 02:30 PM Day 3 25.7 11:30 aM Day 5  25.2 03:15 Py Day 7 264.3 02:45 PM




SAMPLING INFORMATION

_Type

‘Hacdaess Mg/L

Res.-c.l ‘

Start Date{ Tiame - Alkalinity|Coaductivity
Dilution Water|20%pMw]4-28-94 100 ) 8z.§f 232
'Fina:l. EEE. '1_ Grab 4-27-94 .1:|om 5.67 40.3 11.1% <0.05
Final Eff. 2| Grab 4-29-94 10:0044 5.67 51.2 8.92 <0.05
nn;l Eff. 3 Grab s—oz—-ge’ " 10:00AM 3.78 46.8 13.38

<0.05
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DEFINITIVE SURVIVAL_AND REPRODUCTION

Client:HSRC- Sample ID: FMC O0O1F Start Date: 64-28-94 . Start Time: 4:00 PM

Log #: T2440 ' End Date: 5-07-94 ‘ End Time: 3:30 PM

TEST CONCENTRATIONK: 0% D.0lD.0} pH| pH ;I‘EST CONCENTRATION: 6.25% D.OID.O| pH{ pH ;
Day A B CV ] E F G H I J lold{new]oldjnew||Day A B [ D £ F G H I J jold n.ew old]new
2 o ol o ole [} o 6io0}lo 8.6 8.2 2 ¢ 0j1010j070 olo [ 3 ] 7.7

3 0 0 1] 0 ] 0 0 4 0 0 18.5/8.2{8.0{8.1 3 0 | O olalo 61314 Xio 8.217.917.8
4 0 0 2 Q o] o 4 o (] 0 |8.3]8.29i8.0(8.2)f 4 3 | O 4 3]0 0 o]0 XxXl]o 8.418.318.1

5 3 3 1 3 3 & 0 6 31 4 |8.4]8.618.218.04 5 7 5 8 glo 7 e 5 Xxjo 8.317.8}7.6

6 0 0 {10 0 & 110 0|8 6| 0 j8.6)8.5{8.298.21l 6 0 | O 0 6j)j04 8 0410 X | 0 |8.6/8.617.9]|7.6

7°0 8 0 9 /] 2 6 1] 0 ¢ )|8.218.517.918.0)) 7 15 {12 |12 L 6 1] 7 {11 X ] 8.0 8

8 9 G 113 j10 111 112 {10 0 8] 9 |s.8|8.7{7.9j8.0l 8 0 j10} 0 L} 1 o 113 6 i x| 1 8.1

9 8 |18 | 0 Y 9401+ 0 0 jt14 114 8.8 7.8 9 0 0 o L jt4 4] 1} [} b4 o} 8.3
TOT20 {29 {3C {22 }18 |28 |20 |18 25 |27 {24 TOT2S {27 J24 j1v {21 {21 §23 {20 ] 1 }18

- * &

TEST CONCENTRATION . 12.5% D.0}p.0} pH{ pHY) TEST CONCERTRATION 25% .{D.OID.O}] pH} pH
Day A B [ 1] E ¥ ¢ | H I 3 old|newjold|newllDay A | B [ D E F G H I J jold|newjold|new

2 0 4}-0 -0 0 0 [ 0-1.0 1] 8.2 7.7 2 O} © 1] ¢ 1] 0 ‘0 c o{ o

3 0 3 4 2 0 5 & 1.3 4 0 |8.418.4|7.917.7}f 3 4 4 4 4 4] 4 1 6 4 0 |8.2{8.217.8

4 0 Q a{0 L] ¢ 3 Q 0§ 0i8.618.4i8.418.1 &4 0 {0 {0 {0} cC [} 210 1] 0 §8.218.418.3

5 2 6 9 6 5 8 8 |10 8 3 |8.8 8.0 5 7 6 7 6 9 5 9 112 8 8 !8.8|8.8{8.0

6 0 o4 o0 0.j 0 j12 0 j11 {12 ] o {8.5 8.0 6 0O [} 1] 0} x {10 0 13 9 {12 {8.4]8.4|8.0

7 0 {11 {12 |13 5 a {14 0§ 0113 {8.6 7.9 7 16 {14 114 |13 X 0113 Y 4] 0 {g8.618.617.9

8 0 0 [ 0 0 0 0 1] 0 §10 {9.0 8.1 8 0] 0 0o x 0 0 0 [} 0 8.1
916 | ofjololis|olof{aflo}]olselZEss3EElo oloalo]Jo|lxlofjolo|a]oe 8.2
TOT18 |20 |25 (21 [23 {25 |29 {24 |24 |26 |24 TOT27 {24 |25 {23 { 9 |19 |25 |31 |21 {20 22

TEST CONCENTRATION S50% D.O}D.O| pH] pH}}i TEST CONCENTRATION 100% - D.0OiD.O| pH pH
Day A B (o] D E ¥ G H I J {old|newl{oldinewjiDay A B c D E F G H I J joldlnew|old{new
2 ¢ 0 o 0 0 0 0 [} 0 0 2 o 0 0 [ ] 1] (1] 0 0 [+

3 4 1 4 0 3 6 5 1 4 4 3 4 & 3 4 4 [ 6 3 3 &

4 0 0 ) 1] 0 g Qo 3 0 1} & 0 [} 0 0 [ 4 0 [\ 0 ]

5 10 8 6 6 9 8 {11 9 8 j10 5 B 12 8 7 6 s {11 7 7 6

6 O 0 {14 o {12 112 {113 {13 |13 {10 6 0 o0 {11t o ‘0 110 9 9 {10 |11

7 18 (15 0 8 [+] 0 1} 0 g 1] 7 14 12 0 |15 8 o] ] 1] 0 0

8 O 0 0 0 [+] 0 ] Q [¢] 8 0 0 o 0 (] [¢] 1] 0 0 4]

g 0 o {0 0 0 0 4] 0 [} 9 0 0 0 0 0 0 [+ 0 0 0.

TOT32 |24 |24 |14 {24 |26 |29 (26 {25 |24 |25 TOT26 |28 |22 |26 |18 |19 |26 {19 [20 }21 |23

TEM.*C Time TEM. *C Time TEM."C Time TEM.C Time

Day .0 25.3 04:00 PM Day 2 25.3 10:00 PM Day 4 25.2 G2:15 PM Day 6 2_4.8 03:30 pM
Day 1 25.7 02:00 PM Day 3 25.7 11:30 AM Day § 25.2 04:00 PM Day 7 24.3 05:00 PM




SAMPLING  INFORMATION

1

/)
/'

T;rx.:e Start Date ’ Time Hardness Mg/L Allsa_lin“ity clonduc'ti.vi.ty‘ Res. Cl Rec.Temp.
Dilution Watex" -ZOXPMW 4-28-94 1q0- 8,2'5‘ 232
Final Bff. 1 | Grab|4-27-94" | 12:458M 11.34 17.84 69.1
Final Eff. 2 Grab 4—2‘9'-9’0 9:20AM 9.45 13.38 68.1 <q.05 3.5°C
Final Eff. 3’ Grab|5-02-94 9:10A§i 9.4‘5 13.38 66.9 0.13 2.0°C

s




Results _ _ ' C

Client: WSRC sample ID: FMC 001F ING:

Log # : T2440| - Start Date: 4-28-94 . v Time: 4:00 pM

CHRONIC EFFECTS "

Control Effluent

TEST CONCENTRATION SC.DMW 6.25% 12.5% 25* 50% . 100%
Average young / female: ’ 23.7. 18 23.5 22.% 24.8 22.5
Standard Deviation: 4.64 10.2 _3.17 5.87 4.61 3.66

t = B ' 2.17 _0.08 0.51 ~0.4 0.47.

Steel's = : 88 104 102 11 ' 97"
MSD= 5.94

Normalityi Data Not Normal W= 0.81

Homogeneity:Data Not Homogeneous B 15.9
Test Used: Steel's Test .
Critical Steel's Value: 75
Critical t Value: 2,31

Chronic Toxicity

Chronic Toxicity
.  Ro-Observed-Effect Concentration (NOEC): >100%
Chronic Toxicity Lowest-Observed-Effect Concentration (LOEC): >100%
7 Day ECS0: >100%
Chronic Toxicity

Chronic Toxicity

Chronic Toxicity
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DEFINITIVE SURVIVAL AND REPRODUCTION

Ciient:HSRC i Samé]_e ID: UTR 022 : Start Date: 4-28-94 Start Time: 3:30 PM
Log #: T26434 * ] End pDate: 5-07-94 End Time: 3:30 BM
TEST CONCENTRATION: ox D.0{D.0] pH{ pH}i TEST CONCENTRATION: 6.25% D.0OiD.o| pH PH
Day A B [ D E F G H I J |old|new|old|new]Day A B [+ D E F G H X J jold|new]old ﬁew )
2 0 0 0 0 0 ] 0 0 0 0 8.6 8.2 2 0 0 ] 0j0 cjo0jo 0 0 8.0
3 2 1 0}l 0q]0 0]0 0] 0 0 §8.5(18.2]8.018.1}1 3. © 010 01l 2 3}s3710 0 0 |8.2}8.2
« ofojlo{o]ls}ofo]3]lo]ofs.3]8.2(8.0/8.204 0o jolo]ofofo]oflo)]o] o |s.4l8.4
s xlao 3 219 3 4.1 0 3 2 |8.418.6{8.218.04 5 3| 4 21613158 s{1 6 6 ]8.6{8.4
6 X1{0 o] o 0 L (] ] 0 |8.6)8.5]8.2|8.2]| 6 7 0] 8j10] 0 g0 S 0 D |8.5]8.5
7 x| 0O 0 1] 9 1 21{0 [} 0 |8.218.5]7.9{8.00 7 © 0 0 0 [ gls|o [ 0 18.6]8.86
8 X |10 7 5 (4] 7 {12 6 7 8 {8.8{8.7{7.9 8 o] 0 12 0 |11 86|64 0 0 |9.6]9.0
9 X |14 |10 {11 [ O 2 0 {10 8 |t 7.8 9 10 |16 0 6 [4] 0 [/} 0 {12 9 {8.6
-JToT 2 {25 |20 }18 {23 (13 ]18 |19 {19 {26 |18 TOT20 }20 {22 |22 {16 16 19 {12 {18 {15 [18
TESYT CONCENTRATION 12.5% D.0|D.O] pH| pHli TEST CORCERTRATION 25% D.O|D.O} pH| pH
N » -
Day A B [+ DI E ¥ G| HY} I J jold|new}old|new Day A B C D E F G H I J jold|new|old|new
2 0 0} o [+] gjo0 [ 1 0 0 . 8.1 2 0 0 [} 0 ) 0 0_ 0 0 0
3 0 1] 4 ] '] 5 1 0 0] o {8.3}8.3 3 3 o 4 4 5 0 310 0 D |8.4|8.4]7.8{7.4
4 0 L] 0 0 g1l 0 o o 0} 0 |8.4(8.2{8.5 4 ¢ 0 /] [ [ 3 I} 2 0 ¢ 18.4|8.6]8.4|8.1
5 ¢ 3 2_ ‘o 9 5 3 s 8 6 18.41B8.417.8 5 2 3 7 [ 6 |7 {10 4] 3 {3 |s.7l8.6}7.9]7.9
6 9 0 0 6 0 0 0 0 ] 0 |8.6]|8.6]7.9 6 010 419 0 6 jo0|é6 [ ¢ 18.5!8.5{7.9]7.5
7 X| 0 1] ] 7 0 0 5 0 0 {8.8{8.8}7.9 7 8 2{0 1] 4] 0 s 0 0 18.7|8.7|7.5{7.8
8 x|313|2]s5}o0o]3]o0f{o0}o]8.8/8.8{8.1 8 sjojo|o]Jo|ojo]ofo]| o |s.8/8.8/8.1]8.0
9 X |13 6 {15 0 |11 {10 6 6 112 8.2 9 g0 |16 ]| 8 |14 6 1 0} 0 |14 §12 8.2
TOT 9 J19 {15123 |21 J21 |17 |16 |14 {18 |17 TOT13 15 {23 127 {17 8 |20 |13 |17 |18 117
TEST CORCENTRATION 50% ’ D.0|Dp.0| pH{ pH|l TEST CONCENTRATIOXN 100% - D.0OiD.0O} pH| pH
Day A B c b E F G H I J Joldinewjoldi{new|iDay A B c D E 3 G H I J jold|newlold|new
2 0jojojojojolojofjo]o ; 2.0j06}loflolefojolofo]o
3 0 0 1 4 0 6 [1} 4 0.4 0 |8.218.3|17.6]7.2§{ 3 1 {0 0 4 513 0 1] 3 ]
4 0 Q 0. 0 0 _ 0 3 2 0| 0 (8.0]8.2{8.2]8.1§ 4 4 3 0 0 9 X 4 4 [} 3
s 2 6 2 5 7 1] 9 5 4 0 }18.618.617.917.7}| 5 © S1 5 2 6 X 6 0 7 s
6 -8 0 1] 8 1) 0 0 (1} 0 0 {8.4]8.8{7.8{7.2}. 6 't 0 V] 2 0 X 4 4 [} [
7 0 [ & ] S 0 0 0 0 0 |8.6|8.6{7.8{7.7 7 0O 0 G| O 0 X X 0 4] [}
8 9 9 9 ¢} o ¢ {10 4 0 0 |8.8/8.8j8.0]7.9|] 8 2 0 4] 0 0 X X Q [} 0
9 0 4} [0} 0 8 9.4 0 6 0 4 S 0 0 6 6 i X X 4 0 4]
TOT19 {21 {16 {17 {20 (15 {22 |17 0 4 |15 TOT 8 8 {11 |14 |11 3 |14 112 |10 g {10 i
TEM.*C Time TEM."C Time . TEM.*C Time TEM.*C Time
1
Day 0 25.3 03:30 PM ! Day 2 25.3 03:00 PM Day 4 25.2 03:00 PM Day 6 24.8 04:00 PM
Day 1 25.7 01:00 PM Day 3 25.7 11:00 PM Day S 25.2 02:30 PM Day 7 24.3 03:45 PH

v




SAMPLING INFORMATION

Type stgtt Date Time Hardness Mg/L|Alkalinity]Conductivity Res., CL Rec.Temp.
Dilution Ha-tet -20:1mw 4-28-94 100 82.51" 232
unai Eéf. 1 c}ab 4=26-94 1:50PH 9.8 17.84 58 <0.05 §.5°C
‘Fi.vnal Eff. 2| Grablsa-28-94 12:50eN 11.76 26.76 - 708 <0.0§ 5.0°¢
Final Eff. 3 Grab}5-01-94 12:30PM 15.68 26.76 62.4 <0.05s 2.2°¢C




i —
Results
Clieat: WSRC Sample ID: UTR 022 " Iwe:
Log £ : T2434 Start Date:  4-28-94 Time: 3:30 .pM
CHRONIC EFFECTS , ,
Control . Effluent
R TEST CONCENTRATION : SC.DMW _ 6.25% 12.58% - 25%  50% 100%
Average young / female: 18.3 - 18 17.3- 16.8 15.1 9.9
Standard Deviation: 6.86 3.23 4.08 5.43  7.31 3.31
. e t = . : . 0.13 0.42 0.63 1.35 3.55
© Steel's = - 97  93.% 91 89.§ 67
MSD=  5.47
Normality: Data Not Normal W= 0.84
Homogeneity:Data Homogeneous B= 10.6

Test Used: Steel's Test
Critical Steel‘s Value: ~ 75
Critical t Value: 2.31

i Chronic Toxicity

No Chronic Toxicity

7 Day EC50: >100%
No Chronic Toxicity

No Chronic Toxicity

Chronically Toxic

No-ObserQed-Effect Concentration (KOEC):
No Chronic Toxicity Lowest-Observed-Effect Concentration (LOEC): 100%

502
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DEFINITIVE SURVIVAL AND REPRODUCTION
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SAMPLING  INFORMATION

" Type|Stact Date| Time Hardness ‘Mg/L Allkalinigsr. Conductivity| Res. CL - .Recrremé.
Dilution wgger 20%D46 | 4-28-94 too -82.51 232
Final Eff. 1 Grab|4-26-94 2:00PM 21.56 20.07 106.4 <0.05 3.7°¢c
Final Eff. 2 | Grab|4-28-94 1:002H 25.48 17.84 98.2 <o_.o.s “.3%c
Fina.l Bff. 3 | Grab|5-01-94 12:50PM 21.56 - '26.76 89.6 ’ 0.67 2.0°c




AR
Results

Client: WSRC

Sample ID: UTR 029

IWC:

2:30 PM

‘Log # 1 T2435 Start Date: 4-28-94 Time:
CHRONIC EFFECTS
Control Effluent

TEST CONCENTRATION SC.DMW 6.25% 12.5% 25% 50% 100X
Average young / female: 17.8  20.7  23.2  21.4  20.5 1 :
Standa;g Deviation: - 5.67 1.95 .26 2.84 7.99 2.16

t = -1.3 -2.4 -1.6 -1.2 0.00

Steel's = 117 131 117 122 57
 MSD= §.12

Normality: Data Not Normal W= 0.92

Homogeneity:Data Not Homogeneous B = 18.9°

Test Used: Steel's Test
Critical Steel's Value: 75
‘ Critical t Value: 2.23

Chronic Toxicity

.

6.25% No Chronic Toxicity
No-Observed-Effect Concentration (NOEC): 50%
12.5% ‘ No Chronic Toxicity Lowéstrobserved—sffect Concentration (LOEC): 100X
7 Day EC50:  65.98%
25% No Chronic Toxicity

No Chronic Toxicity

Chronically Toxic




DEFINITIVE SURVIVAL AND REPRODUCTION

Client:WSRC Sample ID: UTR 116 Start Date: 4-28794 - Start Time: 3:30 PM

Log ¢: T2436 End Date:  -5-07~94 End Time: 3:45 PM
TEST 'CONCENTRATION: 0% p.0|p.0O} pH| pH|| TEST CONCENTRATION: 6.25% D.0{p.0| pH| pH

Day A B [/ D E F G H I J |old|new|old|new Day A B (o] D E ¥ G H I J lold|new|old|new
2 06jJojojojolalofjolrniL 2 6flojolofololojo]rlun 8.2
3 211t06lotolofolotrir g.2l8.¢a 3 4{0jlof{olojejolojr]u 8.2 7.7
¢ ojojolojs|{ojoefl3jr]L 8.2§8.0 4 0fojojojojoje|o]}L]|L{§8.0{8.2 8.0
s xjol3j2|s}3j44jo}lr}L 8.618.2 s 21o0j7io0]313l2)2]ciuls.eis.6}7.8}7.7
6 xjojolojolo]ojo|r|cL 8.5(8.2 6 8]0 |of3|of{ofo]o] L] js.3}8.2]7.8{7.7
T 'xjojojoloel1}2}ojrlL 8.5]7.9 7 612} z2)ofojz2y1}3}r]rls.7]s.7]r.9l7.9
8 xf1o0j7|s|]o]7l12}l6]L]|L 8.7{7.9 8. 9ls]ojJojoeojolo|lolrL]L5L[8.8/8.8/{8.0/8.0
9 x {14 J16 11 jo] 21010 L}L 7.8 9 O0J14jols8l1zi9]s8|12]L]|uL

TOT 2 {25 |20 {18 |23 {13 {18 {19 ! 0 | O |17 TOT23 {21 | 9 {11 |15 }14 J11 J17 ] o ] o }15
TEST CONCENTRATION 12.5% p.o|p.o| pu| pH|| TEST corcENTRATION 25% D.0|p.0| pH| pH

N ;

Day A B C’I D} E F G H ‘I | 3 |old|new]oldnew]iDay A B c|p E F G H I 7 jold|new old|new|
2 ojoejejolofofojolr|L 8.1 2. 0[0flo0jo0ojo}lojojo{L]TL 8.1 t17.5
3 ojeoe|]s{o0i{3i3]o0jo]L|L 8.217.9l7.6} 3 31 0]s{o]o]s]ojo}| |t |8.2/8.2]7.8}7.5
4 g{stojojojolo]jo]rL|L 8.2/8.4/8.0l ¢ o Jo]o]Joefe]|]o]s|3] L |t s.2{8.2/8.4]/8.1
s o]Jolalels]27|0ojoeln]cl|ssls.siselrals o]sa)s]oe]ojrz2]9)s]|r]|Lris.sls.8/8.0]7.8
511 | 0 ole6]oj13lo}ofricis.2is.2l7.9]7.7l6 3o} 3}jo}2]0}o|o] v} |s.2{8.2]7.8(7.8
7 s{o0|lo)oej1o]olo}o}|L|L|8.7{8.7{7.9{7.8f 711 jo|sjo]oj10}3]o0]) L] L {8.6{8.6{7.9/7.8
8 oiL|o}jololo]jo]o|L|L|s.s g cJo]lojlolojo}2}j9|crirLis.?i8.7i8.1{8.0
st0lrLis8glsfojolojolrict 8.1 9 ojojolejsajololojr]|t SR

Tor26 | 5 |17 |16 {18.§23 J o J o | o | 0 14 Tor17 | 4 {18 { 0| 6 |27 (19 17| o} ¢ 14
TEST CONCENTRATION 50% p.o{p.o| pH{ pH{l TEST CONCENTRATION 100% p.o{p.o{ pH| pH

Day A B [ D E F G H I J {old{new|old{new|iDay A B C b E 14 G H I J |oldinewjold|new
2 s{oloete}lolofofof{riL 2 0fojolojojeoejoieirir
3 2j0(s|3}2s5}4j0]L]|L 3 o|lojojotoeo]o}lo]lo}rL]L
« 0{slojelojofoisicic 4 0jlolojlotltolofoel1icicn
s 6{ 6{01{3].5s 71139 jLi{L s 0Jolo|loloJojojojrL|L
6 s8{ofofjetotslofol|lcrir 6 0 {710}jo0totojotaoluicL
71210 o f ol steii1s 10| L]cL 7 clojolo]ojojojs|L|L
8 0otojojoji2iofofo]cric 8 ojoelojoloejojololriL
9 ojofj1zfojolojolo|L|cL 9 ojojojolol2]ofto|L]L

TOT28 |21 |17 |14 {24 |21 {32 24 | 0 | ¢ |23 Toro{7|0f0a}lo]2]la]e]o]ol]z2

| TEM. *C Time TEM.*C Time TEM.*C Time TEM.*C Time
Day 0 25.3 03:30 PM Day 2  25.3 04:00 PM pay 4  25.2 02:30 PM Day 6 ° 24.8 05:00 PM
Day 1 25.7 01:30 PH Pay 3 25.7 11:00 PM pay 5  25.2 03:00 PM Day 7  24.3 03:00 e




SAMPLING INFORMATION

) Tyée Start Date Time Hardness Mg/L]Alkalinity|Conductivity Res .:» Ccl ) Rec‘.'l'enlxp..
Dilution Water|20%piw|4-28-94 100 82.51 232
Final Eff. 1 , Gr;b 4-26-94 2:30PM . . 1.96° 6.69 17.84 . 0.06 4.1°C
Final Eff. 2 | - Grab|4-28-94 1:20PM 1.96 . 4.46 20.6. . <0.05 4.3%C

Final Eff. 3 Grab}5-01-94 1:00p4 | 5.88 6.69 23.5 0.06 2.2°¢C




Results

Client: WSRC.’

Sample ID: UTR 116

we:
Log # : T2436 Start Date:  4-28-94 Time: - 3:30 PM .
CHRONIC EFFECTS
: Control Effluent

TEST CONCENTRATION SC.DMH  6.25% 12.5%  25%  50% 100%
Average young / female: 17.3  15.1 13,3 13.5  22.6 1.875 ‘
Standard Deviation: 7.13 4,97 10 9.15 5.76 2.95

t = 0.6  1.13 1.06 -1.5 4.34

Steel's = 94.5 93.5 93.58 119 10.5

MSD= B8.19 :

Normality: Data Not Normal W= 0.87

= 11.1

Homogeneity:Data Homogeneous B

Test Used: Steel's Test
Critical Steel's Value: 75
- Critical t Value: 2.31

Chronic Toxicity

No Chronic Toxicity

No Chronic Toxicity Lowest-Observed-Effect Concentration (LOEC): 100%

7 Pay ECSO0:
No Chronic Toxicity

No Chronic Toxicity

Chronicalyy Toxic

66.8%

No-Observed-Effect Concentration (KOEC):

50%
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DEFINITIVE SURVIVAL AND REPRODUCTION

Client:WSRC Sample ID: BGW 045 Start Date: &4-28-94 ’ Start Time: 3:30 PM )
Log #: T2437 End Date:  5-07-94 End Time: 3:00 PM
TEST CQNCENTRATION: ox D.0{D.0}] pH| pH|]] TEST CONCENTRATION: 6.25% D.OiD.O| pH] pH
Day A B ciDp E F G H X J |old|new|old|new| i)ay' A B C D E F G H I J loldjnewloldnew
20 0 0 0} o 0 0 0 ] [} 2 0 0 [ 0 1] 0 0}o 0 [+
3 0 0 0 [i] 0 [} [} 1] (1] 1] 3 6|0 0 0 [ 4] 0 0 0 0
4 4 4 2 410 0 2 0 G 2 4 &4 s & 610 2143 0 5
5 6 S 3 8 s 4 5 6 3 7 5 X 5 1] _0 3 0] 0 1] 3 0
6 oJ]o]Jo]|7]8)]s]lojio]7]o 6 x|ols{3ajojolojojo]o
7 0 0 0 Q0 0 1] (1] 0 el o 7 X (12 2 [ [+] o |11 12 1} 0
8 0040 (1] [ Q X 0 ol 0 8 x|o g}lo 0 0 |13 14 [13 6
9 10 9 {12 {11 (1] 6 X j13 7 8 9 X 0 6 {10 114 |13 [ 4] a |10
TOT26 -}J18 117 122 {13 |18 7 129 {17 {17 j18 TOT & {22 J17 |19 |17 J15 28 |29 {16 |21 {19
TEST CONCENTRATIOK : 12.5% ) D.0|D.of pHj pHii TEST CONCERTRATIOR 25% D.O|D.O| pH}] pH
Day A B Cc D E F G H I J Joldinew]old]newjiDay A B [+ D E F G H I J joldjnewjoldjnew
2 0 0 o ] 0 0 0 0 0 0 2 ¢ 0 o 0 0 0 0 [ [ 0
3 0 0 0 o] ¢ [} 0 [} 0 0 |8.2]18.218.0(7.8]| 3 O 0 0. 0 0 0 0 0 0 0
4 6 6 5 4 Q 210 1 0 5 {8.4{8.2{8.3]8.1}l 4 6 4 2 s 0[5 5 3 1] 3
5 0 9 0 1 +] 3 [} 3 3 2 7 {8.5|8.518.2}8.2f 5 6 5 0 0 3 1] i 5 Kt} _3 7
6 0 0 0o [+ o 0 0 0 0 0 |8.7]8.5]8.1|7.74 6 © 0 2 |13 1] [} g 0o |10 [ .
712 1040 8 0 1 1 0 4] 6 {8.6]8.6{8.1}8.1f 7 6 0 (1] 0 0 0 {14 |12 4] 8 {8.6/8.6{8.1/8.0
8 18 [ 9 G 0 g ¢}l 0 tt0 6 j9.0}8.8]8.0{7.4§ 8 13 0 [} 0 [\ LU I 1] [} G 19.28.9{8.017.9
9 0 ij10 6 7 {14 |10 6 9 {11 0 |8.6 9 0 6 {12 3 9 {12 0 {6 (16 i}
TOT33 {25 20 {19 17 |13 |{t0 |13 |23 {18 |19 TOT21 |15 |16 |21 |12 }17 |24 |21 {29 {18 }]19
TEST CONCENTRATION 50% D.O|D.0O| pH| pH|| TEST CONCENTRATION 100% D.O}jb.O} pH| pH
Day A B [ D E F G H 1 J lold{newloldinew DayiA B c D E b G 4 I J loldlinewl|old{new
2 0 0 0 ] L 0 0 0 0 g 2 0 ] 0 [} 0 [ 0 0 ] [ ]
. 3 0 V] 0 0 L 0 0 0 o 0 3 0 g ] Q 0 0 0 [} ] 1}
4 6 6 6 6 L 5 5 S 5 s 4 6 3 6 6 3 3 1 4 1 4
5 7 X X -0 L 6 5 8 9 6 5 4 7 [¢] 0 (1} 1] 3 0 4 (1]
6 0 X X 112 L 110 1] 0 {14 1] 6 0 0 8 [10 {11t 7 X 0 G [}
7 12 X X [14 L ¢ j1s |13 g {13 7 9 {10 {12 {1t 12 0 X 10 |11 |10
8 « X X 0| L [¢] 0 0 0 0 8 0 0 0 1] 0 110 X X 9 [11
g 0 X X [} L 0 0 0 [V} 0 9 0 0 o] g 10 X X X 0 ]
TOT25 6 6 {32 Q |21 |25 (26 {28 |24 121 TOT19 120 |26 {27 {26 |20 4 |14 {25 {25 |21
TEM.*C Time ! 'I;EM. *C Time TEM. *C Time TEM. “C Time
Day 0 25.3 03:30 pM™ Day 2 25.3 08:00 AM Day 4 25.2 11:30 AM Day 6 24.8 04:30 PM
Day t 25.7 11:30 aM Pay 3 25.7 01:00 PM Day § 25.2 04:30 PM Day 7 24.3 01:00 PM
, v . ]




SAMPLING INFORMATION

Type

Start Date{ Time . |Hardness Mg/L[Alkalinity Conductivity] Res. Cl RéC.Temp;
Dilution Water|20XDMW|4-28-94 - 100 '.82'.51 . 232
Final Eff. 1 Grab|4-26-94 2:50PM <1 mg/L 446 46.7 <0.05 5.4°C
Final Eff. 2 Grab|4-28-94 .A'z:qopu. <1 mg/L 4;46 39.9 <0.05 4.4°C
Fina._l Eff. 3 | Grab|5-01-94 1:308M <1 mg/L 6.69 32.4 <0.05 1.9°¢c




- "Results

I

Client: WSRC ' Sample ID: BGW 045 ve:

Log & : T2437 Start Date:  4-28-94 . : ) Time: 3:30 PM

CHRONIC EFFECTS . .
’ Control - ‘ Effluent
TEST CONCENTRATION . SC.DMW 6.25%4 12.5% 25% 50% 100X
Average young / female: 17.8  18.8 19.1 19.4 21.4 20.6
. Standard Deviation: 5.67 7.08 6.72 4.88 9.25 7.15
t = : . -0.3 0.4 -0.5 -1.2 -0.91
Steel's =~ 103 102 104 119 122
MSD=  7.14 ’
Normality: Data Naot Normal W= 0.8
Héﬁogeneity:hata Homogeneous B = ‘3.9
° »
Test Used: Steel's Test .
Critical Steel's Value: 75
Critical t Value: .2.31 . .

Chronic Toxicity

Chronic Tokicity

No-Observed-Effect Concentration (NOEC): >100%
Chronic Toxicity Lowest-Observed-Effect Concentration (LOEC):'>1OOZ
7 Day EC50: >100%
Chronic Toxicity

Chronic Toxicity

Chronic Toxicity
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DEFINITIVE SURVIVAL AND REPRODUCTION

Start Date:

Start Time: 3:00 PM

Client:WSRC Sample ID: UTR RR 4-28-94
Bri.dge- -

Log #: T2438 End Date: $~07-94 End Time: 3:00 PM

TEST CONCENTRATION: % * P.O)D.0| pH| pH}| TEST CONCENTRATION: 6.25% D.0|D.0| pH| pH
Day A B [of D E F G| H I J jold|newjold|newiDay A B c ] E F G H I J joldinew|old new
2 0 Q Q 0 0 Q Q [} ,0 14 8.2 2 0 1] 0 (1} 0 [} ¢l 0 1} Q 8.2

3-0 0 0 0 0 0 0 /] 0 0 {8.5|8.2{8.0/8.14 3 0| 0 0 0 0 [{] 4] 0 0 0 8.2 .
4 0 [ 1] 1} ] [ 0 1] 0 0 [8.3}j8.2]|8.0i8.20f 4 O 3 0 2 1] [ 3 2 0 0 |8.2]8.2|8.2{8.2
5 .0 ] 4 4 [+] Q Q o] 1 0 [8.4|8.6]|8.2|8.04 5 1 (O 2] 2 5 0 1410 [ 6 (8.7|8.6]/8.1(8.0
6 L 0 9 7 4 X 0 0 0 0 |8.6)8.5]8.2]18.2] 6 © 0 j10 8 [} 1] 1] 0 0 0 |8.3]8.2]7.9]7.6
7 L L ] 0f0 X190 0 0 0 18.218.517.918.05 7 © 1 00 0 0}l 2410 0 5 |8.4]8.418.1]8.1
8 L 6 g 0 01 x| 6 5 6 |.4 18.818.717.9]8.0}l 8 ¢ oo 7 81616} 01}10 0 §8.8]8.918.0}7.
9 L [12 {10 |13 8‘ X {10 {12 {10 |14 ‘9 16 {11 |14 0 |14 {13 0 {13 |13 |16
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Hardness Mg/L

Type|[Start Date| Time Alkalinity]Conductivity| Res. C1 Réc.Temp.

Dilution Watér 20%XDMW | 4~28-94 " 100 ‘ 82.51 532
Final Eff..l Grab}4-26-94 3:50pPM 9.8 8.92 29.1 <0.0§ 4.7°C
Final Eff. 2 Grabl4-28-94 2:45PM 3.92 6.65 , 18.51 <0.05 - 5.2°¢c
Final Eff. 3 Grab|5-01-94 2:00PM 5.88 4.46 18.69 <0.05 2.9°C
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Client: WSRC ‘ Sample ID: UTR RR Bridge o INC:

)

Lag # : T2438 Start Date:. 4-28-94 . Time: 3:00 PM-

CHRONIC EFFECTS .
Control Effluent

TEST CONCENTRATION SC.DMW 6.25% 12.5% 25% 50% 100% .
Average young / female: 16.1 20 16 17.5 17.8. 21.8 {

Standard Deviation: 7.03  5.46 7.3 7.68 B.04 3.33

t = -1.3  0.0¢ -0.5 -0.6 ~1.86

Steel's = ' ’ 109 87 98 108 - 123.5

MSD= 7.07

Normality: Data Not Normal W= 0.84 -

Homogeneity:Data Homogeneaqus B = 7.38

Test Used: Steel's Test
Critical Steel’'s Value: 75
Critical t Value: 2.3

Chronic Toxicity

Chronic Toxicity
Ko-Observed-Effect Concentration (KOERC): >100%
Chronic Toxicity Lowest-Observed-Effect Concentration (LOEC): >100%
7 Day EC50: >100%

[
Chronic Toxicity

Chronic Toxicity

Chronic Toxicity
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1.0 INTRODUCTION

In April 1993 a water sarﬁple from seep UTR-029 was analyzed for a large number of inorganic and organic
parameters as part of the program for Sampling and Analysis of Water from Upper ﬂzfee Runs Creek and
Its Wetlands Near Tank 16 and the Mixed Waste Managéﬁzént chz'lity. Thét study demo};strated the preéence v
of elevated levels of aluminum (5.93 mg/L), iron (17.7 mg/L), manganese (1.9 mg/L), TSS (3081mg/L), and
zinc (32.5 mg/L), and a moderateiy high hardness (59 mg/L). A year later, in Apﬁl 1994, a chronic sufvi‘val
and reproduction toxicity test with Cerioéiaphnia dubia was conducted on the UTR-029 seep water by ETT
Environmental, Iné. This test showed the sample to be acutely and chronically toxic at 100% concentration,

although toxic{ty was removed through dilution to 50% concentration.

The p-resenc;e_ of acute énd chronic tbxicify in UTR-029 seep water tfiggeréd a partial chronic Toxicity
Identification Evaluation (TIE), of which Phase I was initiated in November 1994. Due to the detection of
elevated levels of several heavy metals in April 1993, a sample of UTR—629 seep water was analyzed for a
series of metals immediately prior to the start of the TIE. This study confirmed high levels of dissolved (or
colloidal) iron (2.09 mg/L). Other metals, such as aluminum, manganese, and zinc, which were demonstrated

to be elevated in April 1993, were fourid.to be present at much lower concentrations in November 1994.

As a result of data indicating elevated levels of several heavy metals in the seep samples, only those TIE
treatments effective at reducing' or removing metals toxicity were conducted. Specifically, the UTR-029
sample was subjected to four treatments; 1) adjustment to pH 10 followed by filtration, 2) addition of sbdium )
thiosulfate, 3) chelz;ltion with diSodium EDTA, 4) graduated pH. Chronic toxicity tests were conducted on
all treated samples. The purpose of this first Phase of the TIE was to determine if the toxicity in the seep
sample was consistent with identity as a heavy metal, by assessing if treatments for metals were effective

at removing toxicity.
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. 2.0 SAMPLING

A single grab sarhple of the UTR-029 seep water was collected by WSRC personnel on November 14, 1994. o
The sample was shipped by overnight delivery to ETT Environmental, where the TIE was conducted.
3.0 SAMPLE TREATMENTS

The samiple was subjected to a series of treatments to attempt to remove toxicity. Each trgated sample was
used in a chronic definitive toxicity test to determine the effectiveness of the treatment. The treatments and

results of the associated toxicity tests are summarjzed as follows:

Treatment - : Start Date - Sample ID ** = Toxicants removed

Filtered/pH 10 Adjustment 11/16/94 TI3278-8 metals insoluble at pH 10
Na Thiosulfate Addition 11/16/94 TI3278-15 residual chlorine; some metals
EDTA Chelation 11/17/94 TI3278-25 some metals; surfactants

Graduated pH 1116194 TI3278-26 ammonia; metals; sulfide

Baseline tests, in _which the seep sample was untreated, were set on the 16th and 17th of November. The
initial pH of the UAR-029 samples was 555. This value was considered to be near the lower pH tolerance
limit for Ceriodaphnia dubia. Therefore the pH of all undiluted test solutions was adjusted somewhat higher, .
to pH 6.00, so that toxicity -due to pH would not confound the results.

At test initiation it was not known whether the sample would demonstrate acute toxicity. If the sample
proved to be acutely toxic, and the toxicant Was a metal, it is likely that thé amounts of EDTA added for
chronic treatments (0.5 - 8.0 mg/L) would be insufficient to remove toxicity. Therefore, an EDTA addition
treatment at an acute level was also performed, using levels of EDTA high enough to remove acute toxicity

due to a metal, but chronically toxic to Ceriodaphnia dubia (45-190 mg/L).

Methodology for the indiQidual treatments is discussed below by treatment.
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3.1 Filtration/Adjustment to pH 10

A 2000 mL aliquot of the sample was adjusted to pH 10.09 with 0.25 mL of NaOH. A 200 mL aliquot of .

' dilution water was adJusted to pH 10. 00 with 0. 74 mL of NaOH, to serve as a control. Both the pH ad_]usted :

control and the pH adjusted sample were ﬂltered through a Gelman Type AJE glass fiber filter. The control
was filtered first. After ﬁltratlor} the pH was recorded. The pH of the control was readjusted to 8.04 with
1:25 mL of ‘H,SO, and the pH of the sample was readjusted to 6.08 with 0.45 mL oﬁ5H2804. This treated .
sample was used for th_é toxicity test identified as Filtrétion‘/pH 10 Adjustment. |

3.2 Oxidant Reduction
A25 g/L stock solutlon of sodium thxosulfate was prepared. This stock solution was added to ahquots of

undiluted sample water as follows;

Amt. Sodium Thiosulfate Amount Sample Final .Concentrati-on

200 L~ S00mL  1O0mgL
1000 pL . 500mL 5.0 mg/L -
2000pL - S00mL 10.0 mg/L

After addition of the sodium thiosulfate, the test solutions were allowed to sit for two hours. In the same

manner dilution water controls were treated with sodium thiosulfate, as follows;

-

Amt. Sodium Thiosulfate Amount 20% DMW  Final Concentration
40 L 100 mL . L0mgL
200 pL 100 mL 5.0 mg/L
400 pL 100 mL , 10.0 mg/L

Effluent test solutions were re-adjusted to pH 6.0 + 0.05, and control test solutions to approximately pH 8.00

+0.05, after addition of sodium thiosulfate.
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3.3 EDTA Chelation

A 15 g/L stock solution of diSadium EDTA was prepared by adding 7.5 g to 500 mL.of demineralized water.
This stock solution was used to prepare aliquots of sample with 45 mg/L, 19 mg/L, and 9 mg/L. These
aliquots were used for an acute definitive test. A 2.5 gL stock solution of EDTA was prepared by adding

| 16.7 mL of the 15 g/L stock solutlon to 100 mL of demmerallzed water. This stock solution was used to
prepare aliquots of sample with 0.5, 3.0, and 8.0 mg/L of EDTA. These aliquots were ‘used for a chronic

| definitive toxicity test. Dilution water controls were prepared in the same manner. After addition of the
EDTA the solutions were adjusted to the initial pH (8.0 for dilution wa_ter; 6.0 for UTR-029). Aliquots of

| sample with EDTA added were left for 24 hours prior to use in testing, because equilibration times can be
relatively slow for some metals. _Immediately prior to testing pH values were readjusted to the initial

measured pH. ' : R
3.4 Graduated pH Test
An effluent test was to be conducted at pH 6.0 and pH 8.5. A 1.5 L aliquot of efﬂuenf to be used for the test

at pH 6.0 was treated by adding 1.21 g/L of MES buffer to stabilize the pH. After MES addition the aliquot
was adjusted to pH 5.96 with 0.85 mL of NaOH. A 15L allquot of effluent to be used for the test at pH 8.5

- was treated- by adding 2.3 g/L of POPSO buffer to stabilize the pH. After POPSO addition the aliquot was

adjusted to pH 8.46 with 0.6 mL of NaOH. Buffers were also added to controls to check for buffer toxicity.
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4.0 TOXICITY TESTING METHODS

C tironic (3 brood) surv1va1 and reproduction toxicity tests were set w:th all treated effluent samples. The

basclmc tcst, the pH 10 adjustment/filtration test, and the graduated pH test were set with dilutions of 20%,
40%. 60%. 80% and 100% seep water. Dilutions of 25%, 50% and 100% were used for each EDTA
- treatment test, and dilutions of 20%, 60%, and 100% were used for each treatment of the sodium thxosulfate
addition test. The test organism was Cerzodaphma dubia. The dilution water was 20% diluted mineral water
(20% DMW) with ‘a hardness of 80-100 mg/L. Each test dilution was comprised of five replicate test
organisms. A treated control (one replicate) was prepared for each treatment set, where dilution water was

subjected to the same treatment as the seep samples.

[nitially the treatment test solutions were to be renewed on the second and fifth day after test initiation,

except in the graduated pH. test, where test solutions were to be renewed daily in conjunction with pH

adjustment. However, by Day 4 of the test it was clear that no acute toxicity was present in the sample, and
chronic toxicity appeared to be present in uﬁdiluted sample of the graduated pH test but not in the baseline
test. These data led to the conclusion that daily renewals were necessary for toxicity to be manifest.
Thercfore it was decided to change test solutions daily from Test Day 4 througﬁ the end of the test, to
maximize exposure of test organisms to toxicants. In addition, the 20% and 40% test concentrations were

discontinucd on Test Day 5, due to lack of chronic toxicity.

pH was measured at test initiation, test termination, and before and after test solution renewal, for the control

treatments and the 100% dilution treatments.

An acute toxicity test on seep sample chelated with diSodium EDTA was set with two replicates of ten test

organisms at dilutions 6f 20%, 40%, 60%, 80%, and 100%. The length of the test was 48 hours.
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4.0 RESULTS

A summary of the results is provided below. All treatments were effectxve at substantxally reclucmg or

removing toxncuy except the graduated pH test.

Treatment ' ~ Date - SampleID’  Result

Filtered/pH 10 Adjustment  11/16/94 ~  TI3278-8  Toxicity reduced

Na Thiosulfate Addition 11/16/94 TI3278-15 Toxicity reduced

EDTA Chelation 11/17/94 . TI3278-25 Toxicity reduced

Graduated pH ' 11/16/94 TI3278-26 Toxicity slightly greater at pH 8.5

. 4.1 Baseline Test . .

The baseline test indicated that the UAR-029 seep sample did not affect the suwival of Ceriodéphnia dubia.
Thﬁs, the sample used in this study was not as toxic as the samples collected in April 1994. No chronic
toxicity was noted in 20% and 40% dilutions prior to Day 5 of the test, when these c-i'ilutions were terminated.
Production of first and second broods by test organisms exposed to these dilutions was sxmxlar to that noted
in the controls. In the 60% and 80% dilutions reproduction over the course of the test was only slightly lower
than in the control (Table 1). This slight decrease was not considered to be significant. A substantial
redubtion in reproduction was noted, howéver, in 100% UAR-029 sample. This reduction was primarily
observed in the third brood, formed after daily renewals were instituted. Due to one replicate with
particularly low reproduction, the coefficient of variation (CV) for the effluent was relatively high (45%).
The CV for the control was low (18%). Although pH readings in the 100% efﬂuent started at pH 6.0 at each

renewal, pH levels drifted upward between renewals, reaching a maximum of 8.44 on Test Day 5.

4.2 Filtered / pH 10 Adjustment Treatment

Adjustment of the pH of the sample to a value of 10.09 resulted in a change in the color of the sample from
clear to a pale orange color. When the adjusted sample was filtered an orange precipitate was left on the

filters, which rapidly became clogged. Three separate filters were needed to complete filtration of the 3 L

of sample. The filtrate was clear.
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" Reproduction decreased only slightly with increasing sample concentration, reaching 2 minimum of 21.2
young per female in the 100% dilution (Table 1). This represented a maximum reduction in reproduction of
17%, which is not considered to be sngmﬁcant It is clear that adjustment of the pH to 10.09, in con_]unctlon-

with filtration, greatly reduced toxmty and likely removed it completely.
4.3 Sodium Thiosulfate Addition Test

Treated control data indicated no chronic toxicity was imparted By addition of either 1, 5, or 10 mg/L' of
sodium thiosulfate. As noted above, 100% UTR-029 sample was chronically toxic to the test organisms, with
a mean reproduction of 12.8 young per female. Addition of 1 mg/L of sodium thiosulfate increased mean
reproduction to 25.0 young per female (Téble 2), which was approximately the same as the dilution water
control (25.8). Thus, sodium thiosulfate (at 1 mg/L) was effective at removing chronic toxicity frorh the seep
wafer. At higher additions of sodium thiosulfate (5-10 mg/L), the sodium thiosulfate itself appears to have
- been chronicélly toxic. It should be noted that although 5-10 mg/L of sodium thiosulfate in the seep sample
was chronically toxic, the_same amount in dilution water was not chronically toxic. This suggests that
characteristics of the dilution water, such as higher hardness and alkalinity, may havé mitigated the toxicity

- of sodium thiosulfate.

4.4 EDTA Chelation

Treatment controls at 0.5 and 3.0 mg/L of EDTA addition indicated suppressed reproduction. Dissimilaﬂy,
the 8.0 mg/L control showed mean reproduction equivalent to the ungreated control. It is not‘ clear why the
lower EDTA addition treatments demonstrated chronic toxicity. The same pattern was evident in the 50%
sample dilution (Table 3), but not in the 100% sample concentration. At 100% sample concentration the 0.5
mg/L addition of EDTA increased mean reproduction slightly (15.8) as compared to the untreated sample
(12.8), but the reproduction remained substantially lower than in the untreated control (25.8). The addition
of 3.0 mg/L of EDTA was effective at removing toxicity from the sample. At higher levels of EDTA (8.0
mg/L) the EDTA itself appeared to be chronically toxic.

Acute toxicity testing using 45-190 mg/L indicated tl.lat 90 mg/L and higher amounts of EDTA were acute

- toxic to the test organisms. No acute toxicity was removed since none was present.
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4.5 Graduated pH Test

UAR-029 seep water was chronically toxic at 100% concentraﬁon both at pH 6.0 aqd pH 8.5 (Table 4)f There
was also a slight reduction in reproduction at 80% dilution in both pH regimes. It is likely that the presence |
of chronic toxicity at 80% concenﬁation, wh_ich was absent in the_.béseline test, is related to the daily Water
re;lewals throughout the test. The reduction in reproduction in the 100% concentration was greater at pH 8.5
than at pH 6.0. Thé MES buffer held the pH steady in the pH 6.0 treatment. Howevér, the POPSO buffer did
not prevent the pH from falling slightly by 0.1 unit over each 24 hour cycle. ‘ -
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5.0 DISCUSSION

Analyses of dissolved metals prior to the TIE treatments and tests, as discussed above, showed the presence
of 2.09 mg/L of irdn, 0.71 mg/L of mahganese, and 17.1 pg/L of zinc. Acute toxicity data generated at ETT
Eﬁvifonmengal have shown acute toxiéity from iron (spiked as ferric nitrate into 20% diluted mineral water)
to Ceriodaphnia dubia at levels as low as 0.26 mg/L, from manganese (spiked as manganese chlox;ide into

20% diluted mineral water) at levels as low as 62 mg/L, and from zinc (spiked as ziric sulfate into 20% o

. diluted mineral water) at levels as low as 50 pg/L. It is likely, due to the relatively low hardness and probébie’

low levels of humic and fulvic acids in the seep water, that these metals would be more toxic in UTR-029
water than in 20% diluted mineral water. If toXicity of metals is similar in the two types of water, there
appears to be more than enough iron present in the seep water, depending upon bioavailability, to be toxic

to the test organisms. It-also appears.that levels of manganese and zinc are too low to cause acute toxicity,

| although fhere may be enough zinc to produce chronic toxicity. The color change noted with pH adjustment

to pH 10, and the orange precipitate left on the filters, is also consistent with the presence of iron.

Each test, except the graduated pH test was effective at removing chronic tdxici_ty. These results are
consistent with the expectation that the toxicant would be a metal. Most cationic mctafs are less soluble at
an alkaline pH than at an acidic or neutral pH where the aquo ion form predominates. Thus, an increase in
pH tends to precipitate out metals and remove them ﬁom bioavailability. If the pH of a sample is raised to
10-11, and the sample is filtered before thé.pH is brought back to neﬁtral, the metals can be removed in the
precipitate on the filter. It is thought that this is what occured in the pH 10 adjustment/filtration test, and
based on the color of the precipitate, iron is the most likely metal. EDTA is known to be effective at reducing
the bioavaillcxbility of a number of cationic metals, including iron, manganese and zinc (EPA 600/6-91/003;
EPA 600/R—92/080).’These‘EPA documents also note that zinc is removed from bioavailability by sodium
thiosulfate, that manganese is not, and do not specify whether iron responds to this treatment. The
effectiveness of the sodium thiosulfate addition also testifies to the presence of a cationic metal toxicant, and
suggests that manganése is probably not the metal of concern. It may have been expected that chronic
toxicity would have been less at pH 8.5 than at pH 6.0, due to reduced bioavailability of metals such as iron
and zinc. However, EPA documents (EPA 600/6-91/003) suggest that zinc is in fact more toxic at pH 8.0

than at pH 6.5, and no data is presented on the effect of pH on iron toxicity.
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In light of the above discussion, it appears that chronic toxicity is likely due to cationic metals, and iron is

the probable primary toxicant.
6.0 RECOMMENDATIONS

It is recommended that a TIE Phase II be conducted in order to identify and confirm the cationic metal

FSER Em 42

causing the chronic toxicity in the UTR-029 seep water. This would involve preparation of treated or
simulated seep water which would then be spiked with the level of iron measured in the effluent and tested

to determine if the level of toxicity is parallel to that noted in the untreated sample.
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Table 1 .
: UTR-029 Chronic TIE Test Results _
Baseline Test and pH 10 Adjustment with Filtration Test
Westinghouse Savannah River Company

November 1994

Baseline Reproduction by Test Ditution _

Test Control 60% 80%| - 100% .

Replicate A 25 26| 17 17 Reproduction Data
|Replicate B 29 30 19 3 ” Baseline Test

Replicate C 18 18 23 16) < | '

Replicate D 27 S 21 19 6]l 3,

Replicate E 30 14 34 _ 124 L1

Mean Brood 1 4.6 1.6] 34 361 2,1

Mean Brood 2 6.6 6.2 7.0 - 42l § .1

Mean Brood 3 14.6 13.0 12.0 5ol =] -

Mean - 25.8 21.8 22.4 12.8 Control  60%  80%  100%
Std. Dev. 1.76 6.34 6.84 5.31 Effluent Concentration

Coeff. of Var, 18% 29% 31% 45%)| [MtMean Brood 1 BlMean Brood 2B Mean Brood 3]
Mean pH (old) 7.98 7.60

Mcan pH (now) 8.04 6.02

pH 10 Ad;j. Reproduction by Test-Dilution-

Filtratiom [Control 60%[ . 80% 100%} . NPT
Replicate A 75 57 3 751 pH 10 Adjustmment/Filtration |
Replicate B B 291 24 25] 22 30 —

Replicate C i 18] 21 25 ~21f] s2s

Replicate D 27 28] 21 18] So0l ENEE potd ENER
Replicate . 30 24 26 20| Bl

Mean Brood 1 4.6 3.6 2.8 30t 2.1

Mean Brood 2 6.6 5.6 5.0 54]l 8.1

Moan Brood 3 14.6 14.6 14| 128)] 1% : :
Mean 25.8 73.8 22.6 212 0 Control _ 0% 80w T io0%
Std. Dev. 476 2.68 4.16 1.92 uent Concentration

CoefF. of Var. 18% 11% 18% 9% [MBaseline B3pH 10 AdjfFiltration]
Mean pH (old) 8.55 7.78

Mean pH (new) 8.04 6.07
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| Table 2
UTR-029 Chronic TIE Test Results
[ Sodium Thiosulfate Addition Test
Westinghouse Savannah River Company
Novembefr 1994
Sodium Reproduction at 60% Dilution '1
I Thiosulfate 60% Effluent 60% Effient 60% Effuent
Addition 20% DMW withimgL - | withSmgl with 10 mg/L .
Diion Weter | NeThoadfute | NeThoedfste | NeThosufte Sodium Thiosulfate Addition
“{Replicate A 25 21 21 - 27 30
I Replicate B 29 30/no replicate 31 525 |- g
Replicate C 18 25 29 211 B, o
Replicate D 27 23 30 — 3l 3.1 i
: JReplicate E 30 8 24 23] &
! Meag Brood 1| 46| 44 57 40} §"° N
Mean Brood 2 6.6 86] 63 72} =-57 ‘o
Mean Brood 3° e X3 8.41 - 14.0 15.6"' 0 Oww S imgh  Er i O 0wl
i Mean . 25.8 214 26.0 268 Amt. of Sodium Thiosuffate
' Std. Dev. 476 8.20 4.24] 182
Cocff. of Var. 18% 38% 16% 18% .
Mecan pH (old) ; .
! Mean pH (new)
Sodium Reproduction at 100% Dilution
Thiosulfate . 100% Effluent |- 100% Efffuent 100% Effuent
Addition 20% DMW with | mg/L “Vith s mgfL. vithiomgL | . . .
. DivionWater | NaThomitie | NeThomiiwe | memioume || S0dium Thiosulfate Addition
E ' Replicate A ‘ 25 25 24 5 30 :
: Roplicate B 29] 27 13 Oll ca2st
Replicate C 18 31 25 ol 35,
Replicate D 27 23 9 7 gts
Replicate E - 30 19 4 20{no replicate 2
Mean Brood { 46 42 22— 220 TR EA By B
Mean Brood 2 - 66] 9.6 7.8 34)f =57 _
Mean Brood 3 146 l I2 82 00 » - 200OMW ENl WOmMOL Eff w1mot EM w Smor EN nom.
Mean 258 25.0 18.2 7.0 Amt. of Sodium Thiosullate
Std. Dov, 4.76 447 6.98 216
Coeff. of Var. 18% 18% 38% 31% ‘
Mean pH (old) 8.55 7.30 7.57 7.45
Mean pH (new) 3.04 6.02 6.00 - 598
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Table 3

UTR-029 Chronic TIE Test Results
EDTA Chelation Addition Test
Westinghouse Savannah River Company
November 1994

i
i

EDTA

production at 50% Dilution

“TIE-Phase [- WSRC UTR-029

Re ~ ' :
Chelation Untrested 50% Effluers | 50% Effivent | 50% Effivent .
(11/17/94) 20%DMW | withosmg | with3mgL | withBmgL EDTA Chelatlon
5 Dilution Water | &iSodium EDTA | diSodium EDTA | diSodium EDTA 50% Effluent Dilution
Replicate A 20 221. 10 19 25
Replicate B 15 4 22 25
Replioate C 22 4 18 18]| S20¢
|Replicate D 28 16 6 E] (- .
Replicatc E 26 19 7> nf] 8%
Mean Brood 1 34 - 42 4.2 381 £l
Mecan Brood 2 70 34 438 101l s |
{Mean Brood 3 11.8§" - 54 5.6 98l £ 57
Mean - 22.2 13.0 14.6 20.6 :
Std. Dev. 5.12 8.49 6.47 2.88 0 v Sl N 3mol
|CoefE. of Var. - 23% 65% 44% 14% Amt. of diSodium EDTA
Mean pH (old)
Mean pH (new)
[EDTA ~ Reproduction at 100% Dilution :
{Chelation Untreated 100% Effuent | 100% Efffucnt § 100% Effiuent -
(11/18/94) 20%DMW, | withoSmpl | with3mpL | withSmgL EDTA Ch&!atlf)ﬂ
Dilution Water_| &Sodium EDTA | disodium EDTA | diSodium EDTA 100% Effluent Dilution
Replicate A 30 9 30 26 30 7
Replicate B 20 23 33 25 B
Replicate C 32 17 26 23] 5§87
Replicate D 37 2 25 27| S201
Replicate E 29 28 21 9 g 151
Mean Brood 1 - 5.2 2.8 3.2 20 &
Mean Brood 2 8.8 4.4 8.0} . 8.0 c10 1
Mean Brood 3 15.6 8.6 15.8 12.0 = 5| pE e
Mean 29.6 158 27.0 220 :
Std. Dov. 6.19 10.47 4.64 742 O 0% oMW ER. wl O gL 'ER. w5 mglL EX. wi 3 mgiL EN. wi 8 gL
CoefY. of Var. 21% 66% 17% 34% Amt. of diSodium EDTA
‘{Mean pH (old) 7.79 7.53 7.43 7.28
Mcan pH (ncw) .03 597 6.03 5.99
13 ETT Environmental, Inc.




Table 4
UTR-029 Chronic TIE Test Results
Graduated pH Test
Westinghouse Savannah River Company
November 1994
20% DMW 60% Effiuert | 80% Effluent 100% Effluent
Untreated Adjusted Adjusted - Adjusted . ’
Dilustion Water 10 pH 6.0 to pli 60 to pH 6.0 Graduated pH Test
Replicate A 25 22 16 13 pH 6.0 Adjustment
Replicate B - 29 31 26 2 30
Replicate C 18 22 171, 4 c 25 |-
Replicate D 27 20 18 {nio replicate . £
Replicate E 30 22 7] 22 321§
 Mcan Brood 1 4.6 4.4 30 1.8} oi1s e
Mean Brood 2 6.6 58 6.6 1.6 né 104 S
Mean Brood 3 14.6 13.2 72 48]l 8 .| B
IMean 2581 234 168 8.2 25 oS :

Std. Dev. 4.76] 4.34 6.76 9.18 0 —on ovw o et s et 00
Cocff. of Var. 18% 1% 40% 112% Effluent Concentration
Mean pH (old) 7.98 6.23 6.06 597
Mean pH (new) 8.04 6.03 6.00 6.00

20% DMW 60% Effluent 80%Efuct  |; 100% Effiuent .

Undreated Adjusted Adjusted . Adjusted :

* Dilution Water . topHB.S . wpHBS topH 8.5 Graduated pH Test
Replicate A 25 23 . 19 S pH 8.5 Adjustment
Replicate B 29 27 25 4]l 3
Replicate C 18 28 23 np sl
Replicate D 27 21 11 1 2 ]
Replicate E 30 23 18 3| 82T
Mean Brood 1 4.6 4.6 3.2 3.2} 15 [y RENA - BEeA -]
Mean Brood 2 6.6 7.2 5.4 16} Tl by MEed  KEE
Mean Brood 3 14.6 12.6 10.6 0ofl 8 4|
Mean 258 244 192 43 ¥ e B
Std. Dev. 4.76 2.97 5.40 3.77 0 2n our o0 et o0 Bt 107% et
Cooff. of Var. 18% 12% 28% 79% Effluent Concentration
Mean pH (old) 798 336 $.38 839
Mean pH (new) 8.04 8.49 8.49 8.49
TIE-Phase I- WSRC UTR-029 14 1T Environmenta! fc
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1.0 INTRODUCTION

A Ch‘ronic' Toxicity Identification Evaluation (TIE) Phase I was conducted in Noverpber 1994 using |
Savannah River Site Outfall UTR-029 seep water. Phase [ testing indicated fhat cationic metals (particularly
iron) _weré the probable toxicants. This conclusion was reached as a result of the effectiveness of EDTA
chelation and filtration at pH 10 in removing toxicity from the seep water, and the obéervation of orange
precipitate on the filters (probably iron hydroxide). Cationic metal was though to be enhanced by the low

hardness and alkalinity of the effluent. -

The current phase of theé toxicity identification evaluation was conducted with the objective of identifying

and confirming iron, and possibly zinc or mangahese, as toxicants in the effluent.

TIE-Phase II- WSRC UTR-029 I ETT Environmental, [nc.;1/95
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2.0 SAMPLING -
A grab sample of the effluent was collected by Westinghouse Savannah River Company personnel on
January 5, 1995. The sample was shipped by overnight delivery to ETT Environmental, where the TIE was

conducted. The pH of the sample upon receipt was 5.49.

3.0 DESIGN OF IDENTIFICATION AND CONFIRMATION TESTS

3.1 Preparation of Simulated Seep Samples |

The first objccti\"é of this phase of testing was to prepare a simulated seep sample. This simulated seep
sample was then to be spiked with different metals of concern at the same levels as measured in untreated
seep water. Spiked seep sample was then to be treated with sodium thiosulfate, EDTA chelation, and

filtration at pH 10, so that the effectiveness of the treatments could be compared to the results of Phase .

The simulated seep sample was prepared by treating 15 liters of UTR-029 seep water by filtration at pH 10.
Gelman 0.45 micron membrane filters.were used. The treatment was conducted to remove cationic metals
through precipitation. After tregtmen‘t,-'t"hre_e different spiked simulated seep sambles were prepared; 1) -
simulated seep water spiked with 2.1 mg/L. of iron, 2) simulated seep water spiked with 17 ng/L of zinc, and

3) simulated seep water spiked with 2.1 mg/L Fe, 0.17 pg/L Zn, and 0.71 mg/L. Mn. Iron was spiked as iron

nitrate, zinc was spiked as zinc sulfate, and manganese was spiked as manganese chloride. -

3.2 Treatments of Spiked Simulated Seep Samples

In order to confirm iron, manganese, and zinc as toxicants in the UTR-029 seep water a series of treatments
was conducted on the simulated seep samples.'Treatments‘ included were those which proved to be most
effective in Phase I of the toxicity identification evaluation; filtration at pH 10, sodium thiosulfate addition

and EDTA chelation.

" TIE-Phase [I- WSRC UTR-029 2 ETT Environmental, [nc.;1/95




Filtration at pH 10

A 600 lﬁL portion of eacﬁ spiked seep sample was adjusted to pH 10 and filtered through a 0.45 micron
membrane filter. After filtration the pH was readjusted to a pH of 6.0 + 0.05 with H,SO,. A chroriic toxicity

test was conducted upon each treated sample

.Sodium Thiosulfate Addition

A 2.5 g/l stock solution of sodium thiosulfate was prepared. Three 400 mL aliquots of each simuxle.ted seep
sample were prepared. One aliquot of each was brought to | mg/L of sodium thiosulfate by adding 160 pL
of stock solution. A second aliquot of each was brought to 5 mg/L of sodium thiosulfate by adding 800.;1L
of stock solution. The third ahquot of each was brought.to 10 mg/L of sodium thiosulfate by adding 1600

pL of stock solution.
EDTA Chelation

A 2.5 g/L stock solution of disodium ED’I‘A was prepared. Three 375 mL aliquots of each simulated seep
sample were prepared. One aliquot of each was brought to 0.5 mg/L of EDTA by adding 75 pL of stock
soluﬁen. A second aliquot -of each was b;eught to 3 mg/L of sodium thiosulfate by adding 450 pL of stock
solution. The third alliquot of each was brought to 8 mg/L of sodium thiosulfate by adding 1200 pL of stock
solution. After addition of the EDTA the solutions were adjusted to pH' 6.0 + 0.05 with NaOH and allowed

24 hours of chelation prior to use in testing. _ -

33 Toiicit)z Testing

Seven-day / 3 brood definitive survival and reproduction toxicity tests were set with all treated samples. The
test organism species was Ceriodaphnia dubia. The dilution water was 20% diluted mineral water (20%
DMW) with a hardness 'of approximately 80 mg/L. Each test was set with five replicate test organisms at-
each dilution. A treated contro_l, in which dilution water was subjected to the same treatment as the effluent,

was prepared for each treatment set.

TIE-Phase [[- WSRC UTR-029 3 ETT Eavironmental, Inc.;1/95




" 4.0 Results

4.1 Baseline Test

The mean reprdduction of test organisms in 100% untreated UTR-029 was 14.8 young per female, only -

slightly less than the mean control reproduction (Table l) Higher reproduction (2[-24“'young per female)
* was noted at effluent dilutions of 20%, 40%, 60% and 80%. Results indicate that the January sample was.
only slightly toxic at a chronic level. However, because this sample was to treated to remove toxiciiy the

relative lack of toxicity was not considered a problem.

»

42 UTR-029 Seep Sample Treated by F iltration at pH 10

Treatment of the UTR-029 sample by filtration at pH 10 improved reproduction in 100% concentration by

only a small amount (Table 1), from a mean of 14.8 to a mean of 15.2.

43 Treatments for Iron -

When 2.1 mg/L of iron was spiked inté the filtered UTR-029, all the test organisms died within 24 hours
(Tables 1,2). No-acute or chronic effect was noted at 50% dilution (1.05 mg/L Fe). This confirmed that iron,
at the level measured in the effluent immediately prior to Phase I, can account for the toxicity noted in thé
UTR-029 sample used for Phase L. The greater degree of toxicify noted in this test than ﬁoted for the seep
sample in the Phase I baseline test (which was chronically toxic but not acutély toxic) may reflect difference

in the form of iron being added, or residual iron left in the effluent after filtration treatment.

When EDTA was added to the filtration treated/Fe spiked sample, acute toxicity was removed. 8 mg/L of
EDTA was most effective, resulting in a mean reproduction of 6.2 mg/L. Chronic toxicity remained. In Phase
[ of the TIE the EDTA chelation treatment removed all chronic toxicity. The remaining chronic toxicity

noted in this part of the study tends to corroborate the above hypothesis that residual iron left after filtration

TIE-Phase [I- WSRC UTR-029 4 ETT Environmental, Inc.;1/95




added to the spiked iron resulted in a total iron concentration (in this Phase II study) higher than was present .

in the Phase [ sample.

Addition of sodium thiosulfate to the filtration treated/Fe spiked sample reduced acute toxicity but did not

remove it (Table 2). Some reproduction by surviving test organisms was noted.

‘Filtration of the filtration treated/Fe spiked seep saniple removed acute toxicity from‘_tiw sample and was
relatively effective at removing chronic toxicity. Three out of the five replicates reproduced comparably to

the baseline control.

4.4 Tre_qtments Jor Zinc

Addition of 0.17 pg/L of zinc to the filtered seep sample did not cause acute or chronic toxicity in the seep - -
sample filtered at pH 10 (Table 3). It is clear from the results that the amount of zinc in UTR-029 is not high

enough to account for the toxicity noted during Phasc_a I

4.5 Treatments for Combined Iron, Manganese and Zinc

Addition of 2.1 mg/L of iron, 0.71 mg/L of manganese, and 17 pg/L of zinc to the filtered effluent resulted
in chronic toxicity (Table 4), reducing reproduction to only 2.0 young per female. This toxic effect was less
pronéunced than that noted spiking iron alone, Addition of EDTA at 0.5 mg/L removed chronic toxicity
from the filtration treated/Fe,Mn,Zn spiked seep sample, raising mean reproduction to 14.8 young per
female. Greater amounts of EDTA were not as effective. Sodium thiosulfate addition enhanced the toxicity

of the sample, resulting in acute toxicity. However, surviving test organisms did reproduce relatively well.

The same effect was noted for filtration of the sample at pH 10.
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‘ Table 1

- UTR-029 Chronic Phase II TIE Test Results

Cationic Metals: Fe, Mn, and Zn Spiked Sample Tests

Westinghouse Savannah River Company
January 1995

Baseline ' |  Reproduction by Test Dilution Treated | Reproduction by Test Dilution

Test Control 20%]| 40%| 60%] 80%| 100%] JUTR-029  }coml 20%| 40%| 60%]| 80%] 100%

Replicate A . .22 241 - 24 19 23 14| JReplicate A 24§ 26 14§ 19

Replicatc B 14] 261 251 21] 21} 14} IReplicate B 24 26 16} 15

Replicate C 29 23 25 25 19 211 Replicate C ' 26 ] no rep 14 10

Replicate D 3] 221 18] 221 20]  14] |Replicate D 24 20 o] 17

Replicate E 13]  26] 16] 181 23] 11| |ReplicatcE 18 ‘ 16f 19| 15

Mean § 16.2] 24.2] 21.6] 21.04 21.2| 14.8] [Mean | 23.2) - 17.6{ 1441 152

Mean pH (old) | N - " 6.96 | [Mcan pH (old) 748 I 7.08]

Mean pH (new) Y ' ) 6.02 | jMean pH (new) 793 ' » 6.02

Chronic Effects of Metal Spiking
H 0,

Fe Spiked Reproduction by Test Dilution Undiluted Sample (100%)

UTR-029 lcouot 1%| 5%] 10%| 50%| 100%

Replicate A o 28] 19 23] X §201—

Replicate B 320 171 14| 7 X Sl 8 &0 B

Replicate C 270 251 10| 17] X g

Replicate D 4] 12| 26| - 21 X & 10 |

Replicate E 3 6l 16] "9 X g

Mean . | 13.2} 17.6] 17.0] 1521 0.0 = STEil

Mean pH (old) 1 6.53 B B

Mean pl (new) IR 6.03 " Baseliine Treated wiFe  wiZn

Treatment

Zn Spiked Reproduction by Test Dilution Fe,Mn,Zn Reproduction by Test Dilution

UTR-029 Jjcowal | 20%| 40%| 60%] 30%| 100%] |Spiked Control 1%]| 5%| 10%| 50%]| 100%

Keplicate A 211 22 22 22 19} |Replicate A 20 26 18 22 3

Replicate B 22 22 23 22 101 [Replicate B 23 23 27 20 7

Replicate C 22 S 6 19 9| |Replicate C 7 7 4 2 0

Replicate D 16] 19] 21 18] 13| |Replicate D 14] 10 4] 11 0f.

Replicate 1 24 14 23 21 19| [Replicate E 9 9 21 9 0

Meun 21.0] 164] 19.0] 204] 14.0} [Mcan ' _ | 148] 128} 20
| Meun pH (old) , 7.62 | [Mcan pH (old) 7.61

Mcan pti (new) ‘ 6.04 | {Mcan pH (new) 6.01

TIEE-Phase [1- WSRC UTR-029 ETT Environmental, Inc.;1/95




I ‘ Table 2
UTR-029 Chronic Phase II TIE Test Results
Cationic Metals: Fe Spiked Treatment Tests
Westinghouse Savannah River Company

January 1995
Baseline Reproduction by Test Dilution Fe Spiked Reproduction by Test Dilution
Test Conteol 20%| 40%| 60%| 80%| 100%JJUTR-029 Jcows | 1%| 5%| 10%| -50%] 100%
Replicate A 22 24 24 19 23 14§ {Replicate A 0 28 19 ~22 X
Replicate B 14 26] 25 21 21| 14]|Replicate B 32 17 14 7 X
Replicate C 29 23 25 25{ 19 21} IReplicate C 27 251 10 17 X
Replicate D 31 .22 18 22} 20 14| JReplicate D - 4 12 26 21 X
Replicate E 13 26| 16 18 23 11§ {Replicatc E 3 6 16 9 X
Mean g 16.2] 24.21 216} 21.0] 21.2] 14.8]]Mean 13.2] 17.61 17.0f 15.2] 0.0
Mean pH (old) 6.96 | | Mean pH (old) - 6.53
Mean pH (new) ) * 6.02 | [Mean pH (new) ) 6.031
. Treatment of Iron Spiked Effluent
FeSpiked | Reproductionby TestDilution || .  Undiluted Sample (100%)
EDTA 0.5 mg/LEDTA {3mg/LEDTA |8 mg/LEDTA ‘ "
Addition - 50%)]| 100%| 50%] 100%| 50%] 100% §20 1
|Replicate A 31 o] 23 o] 27 8 |
Replicate B__ 4 ol 21 o] 24 d0]| ¥4 : 7]
Replicate C 29 0 27 0 27 0 8.
Replicate D 20l 7] 30 o] 29| m|| E°T
Replicate E .31 of 26 of 24 0 g 5 l_ 7 ]
Mean 248| 14| 254] 00]-262] 62 .
Mean ptl (old) 7.72 _7.80 131 o LEBIH | e B 1 ,
Mean pil (new) - 6.06 . 6.00 6.04 Baseline  w/Fe EDTA NaThio pH 10 Filt
- Treatment
Fe Spiked Reproduction by Test Dilution Fe Spiked Effluent Concentration
Na Thiosulfate| 1.0 mg/L NaThio |5 mg/l. NaThio |10 mg/L NaThio | |pH 10 - : '
Addition 60%1| 100%] 60%i 100%] 60%} 100%}}Filtration - 0% 60%} 80%] 100%
Replicate A ’ 17 10 10 8 20 7 HReplicate A 15 17 24 1
Replicate B ' 20 Xl 29 6 12 X} |Replicate B 23 24 24 22
Replicate C , 21 X 24 ] X | {Replicate C .24 16 221 15
Roplicate D 27 3X 3 4X 13 9| {Replicate D 27 251 18 14
Replicatc 51 X 13 X 5 7 }|Replicate B 24 20 20 0
Mean 18.0 261 158 3.6 11 4.6 ] |[Mean 22.6 204] 216] 104
Mean plt (ald) 7.06 1 699 7.28 | {Mean pH (old) 776 775|696
Mexa pll (new) 6.04 6.04] - 6.03 | {Mean pH (new) 6.02

lron was spiked into 100% effluent at 2.1 mg/L.

TIE-Phase 11 : '
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o Table3 = '
UTR-029 Chronic Phase II TIE Test Results
Cationic Metals: Zn Spiked Treatment Tests
Westinghouse Savannah River Company
January 1995
Baseline . " Reproduction by Test Dilution Za Spiked | Reproduction by Test Dilution
Test Control 20% 40% 60% 80%| 100%]JUTR-029 Control 20%| 40%| 60%| 80%]| 100%
. JReplicate A 221 24 24 19 23 14} Replicate A - 24 21} 22 22 22 19
Replicatc B__ 14 26 25 21| 21 14} | Rephicate B 24| 221 22| 23] 22| 10
Replicate C - 29| 23 25 25 19 21 | JReplicate C 26 22 5 6 19 9
Replicate D 3 22 18 22 .20 14 § IReplicatc D 24 16 -19 21 18 13
Replicatc E_- 13 26 16 18 23 11 ] JReplicatc E 18 24 14 23 21 19
I\Mean 16.2] 24.2 21.6 21.0 21.2 14.8 | IMcan | 2321 21.0] 164 19.0] 204 14.0
Mean pH (old) . " 6.96 | [Mean pH (old) 7.62
Mean pH(new) ' » 6.02} IMean pH (new) : 6.04
. . Treatment of Zinc Spiked Effluent
- - - » 1 °
[za Spiked”  Reproduction by Test Dilution__»_ o . Undiluted Sample (100%)
EDTA 0.5 mg/L EDTA 3mgLEDTA |  8SmgLEDTA
Addition " 50%| 100% 50%} 100% 50%| 100% §
Replicatc A 1] . _21] 9 15 15 5 g
Replicate B 22 12)- 23] 20f 19 3 3
Replicatc C 24 13 22 14 20 6 &
Replicate D 18 11 12 9Xj . 29 5 c
Roplicate E 24 17 25 151 20 3 $
\Mean ) 19.8]- 148 18.2 14.6 20.6 54
Mean pli (old) 7.76 7.50 7.66 o LH 10, R
Ncan pH (acw) 6.02 6.03 6.04 Baseline wiZn EDTA NaThio pH10Filt
Treatment
Zn Spiked : Reproduction by Test Dilution Zn Spiked Effluent Concentration
Na Thiosulfate ] 1.0 mg/L NaThio 5 mgy/L NaThio 10 mg/L. NaThio pH 10 -
_Addition 50%] = 100% 60%] 100% 60%)] 100%] |Filtration 0% - 60%| 80%| 100%
Replicate A 8X 13 211 - 20 20 9 Replicate A 15 ) 22 11X 9
Kepticstc B 13 10 24 24 21 11} |Replicate B 23 < 20] 17| 4
Replicate 22 7 25 19 20 7 { }Replicate C 24 - 22 23 16
Repheatc D) 26 19 21} - - 17 22 7} |Replicate D . 27 31 15 11
: Replicac £ - . 2 20 16] 18 26 15 | {Replicate E 24 26 18 13
= Mean 15.2 13.8 214 19.6 21.8 9.8 IMecan 22.6 24.2 16.8 10.6
= Mean pl (old) : 680) - 6.84 7.08 { |Mean pH (old) j 7.06
Mesplitoowy | 6.05 - 6.01 6.0t § IMcan pH (new) 6.04
] Zinc was spiked into 100% effluent at 17 Ha/L. :
HE-Phase 11- WSRC UTR-029 8 ETT Environmental, tnc ;1/95
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UTR-029 Chronic Phase II TIE Test Results

Table 4

Cationic Metals: Fe, Mn, Zn Spiked Treatment Tests

Westinghouse Savannah River Company

January 1995
Baseline Reproduction by Test Dilution Fe,Mn,Zn Reproduction by Test Dilution
Test Contral 20%| 40%]| 60%| 80%| 100%| ISpiked- Contral 1%f 5%| 10%]  50%]| 100%
Replicate A 22 24] 24 19 23 14| [Repticate A 20] 26 18 22} . 3
Replicate B i4 26 251 - 21 21] = 14} |Replicate B 23 23 27 20 7
Replicate C .29 23 25 25 19 21} [Replicate C 7 -7 4 2 0
Replicate D 3 22 18 22 20 14 | |Replicate D 14{ - 10 4] 11 0
Replicate E 13 26 16 18 23 11 ] {Replicatc E 91 -9 21 9 0
Mean 16.2] 24.2] 21.6] 210| 21.2| 14.3][Mean 146f 150{ 14.8] 12.8] 2.0
Mean pH (old) - . 696 | {Mezn pH (old) ) 7.61
Mean pH (new) 6.02 § {Mean pH (new) 6.01
E _ . N Treatment of Fe,Mn,Zn Spiked Effluent
Fe,Mn,Zn Spiked] Reproduction by Test Dilution 25 - Undiluted Sample (100%)
-|EDTA : 0.5 mg/LLEDTA | 3 mg/LEDTA | $mg/LEDTA . o
Addition 50%| 100%}§ 50%] 100%] 50%j 100% £ 20
Replicate A 21 19] "20] 9 16 7 £ |
Replicate B 14 13 14 X{ 211 6 g 15 1
Replicate C 16 8 20 X 11 5 §.
Replicate D 14 9] 23 15 23 13 « 10
Replicate E 21 15 25 X 21 8 g .
Mcan 17.2] - 14.8] 20.5] 48} 184] 7.8 =57
Mecan pH (old) 7.37 698 7.42 o
Mean pH (new) 6.03 601" . 601 EDTA
. N Treatment
Fe,Mn,Zn Spiked}| Reproduction by Test Dilution Fe,Mn,Zn Spiled Effluent Concentration
Na Thiosulfate 1.0 mg/L NaThio | S mg/L NaThio | 10 mg/L NaThio | IpH 10
Addition 50%| 100%] 60%]| 100%] 60%}{ 100% ] ]Filtration 0% 60%] 80%]| 100%
Replicate A - 25 8 22 X 23] O] iReplicate A 23 26 17 X
Replicate B 33 14 25 X 28 X ] JReplicate B 21 26 24 X
Replicate C 25 X 25 X 15 X | |Replicate C 1 22 24 X
Replicate D 30 X 29 X 30 X1 ]Replicate D 22 22 27| 4X
Replicate E 20 X 241 X 25 1] |Replicate E 14 13 7 5
\Mean 26.6 441 2501 00] 242 0.2 } JMean 16.2 21.8] 19.8 181
Mean pli (old) 7.47 7.46 7.39 | {Mean pH (old) 7.51
Mean pH (new) 6.04 6.04 6.01 | [Mean pH (new) 6.01

lron was spiked into 100% effluent at 2.1 mg/L, Zinc at 17 yg/t, and-NMangamese at 0.7+ muyriL.

TIE-Phase [I- WSRC UTR-029

ETT Eavironmental, [nc.;1/95




so  DISCUSSION

Phasc | of the TIE for UTR-029 seep water indicated that metals were the most likely. toxicants present, and:
“the three metals detected at levels high enough to potentially cause tbxicity were iron, zinc, and manganese.
In this second phase of the TIE the results clearly point to iron as the metal of concerﬁ. No td*icity was
produced in the sample when levels of zinc measured for Phase | (17 pg/L) were spiked into treated efﬂuént.
Similarly, the addition of mangane&e"to iron and zinc did not increase the amount of to*icity._ In fact,
manganese appeared to mitigate the toxicity attributable to iron. In both Phase I and Phase Il EDTA and
filtration at pH 10 were found to effectively remove or reduce toxicity. Sodium thiosulfate was less effective

at removing toxicity in Phase II than in Phase [. The combination of all three metals produced a similar

degree of toxiéify to that produced by iron alone.

»
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1.0 INTRODUCTION

- Toxicity testihg of seep FSP-204 conducted in June 1994 by ETT Environmental demonstrated that the seep-

water was acutely toxic to Ceriodaphnia dubia at 100% concentration. Acute toxicity was not observed at
conéenti‘ations. of 50% or less. In order to determine the identity of the toxicant in ESP—204, a Toxicity
Identification Evaluation (TIE) was initiated in November 1994. Initially a scan for metals was conducted‘
to determine whether concentratlons of metals were hlgh enough to account for sample toxicity. In January

1995 a complete Phase I TIE was conducted using chronic test procedures (TierI and Tier II). Most of the

treatments utilized in Phase I were ineffective at removing toxicity. January testing was followed by

methanol elution of C-18 SPE columns which had been used to treat the seep water, and toxicity teéting of
dituted eluate,. Additional Phase I testing was oo‘nducted in.July 1995, to confirm results of January 1995
Phase I tests as well as employ addmonal treatments to remove toxicity. Based upon the results of Phase
I testing, indicating that cationic metals not chelatable by EDTA are the primary toxicants, Phase II testxng

was conducted in August 1995.

Laboratory analyses of multiple chemical and radiologiéal parameters for FSP-204 seep water were
conducted in 1989 and 1992 (WSRC—TR-93~289 Semi-Annual Sampling of Fourmile Branch and its
Seeplines in the F and H Areas: July 1992). Review of these data mdlcated relatively high !evels of
aluminum (0.443 - 35.9 mg/L), c;admxum (7.3 pg/L), iron (0.7 mg/L), manganese (2.56 mg/L), and zinc (103-
107 pg/L). The November 1994 metal scan indicated the presence of 10.6 mg/L of aluminum, 6.9 ug/L of -
cadmium, 27 pg/L of iron, 1.67 mg/L of manganese, and 33.9 pg/L of zinc.

A flow chart of the course of the investigation is presentéd in Figure 1.
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| Figure 1

rd

Flowchart of WSRC Seep FSP-204 Toxicity Identification Evaluation -

CHEMICAL
ANALYSES
1989-1992 |.
Definitive Toxicity Test
i June 1994
Metal Scan
November 1994
- PHASEITIE
- Jan-Mar 1995
ADDITIONAL PHASE I TESTS
July 1995
Metal Scan
July 1995
PHASE I TESTS : -
August 1995
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2.0 SAMPLING

The onicity Identification Evaluation (TIE) was initiated with a sample for metal analysis, collected on

October 28, 1994. Phase I testing was initiated with a grab sample of FSP-204 seep water collected on
January 26, 1995 by Westinghouse Savannah River Company personnel. On March 16, 1995 another grab-

sample of FSP-204 seep water was collected for treatment by C-18 SPE column fo":llowed by methanol
elution and toxicity testing.. On June 22, 1995 another grab sample was collected, which was used for
additional Phase I testing, metals analyses, and Phase I testing. Samples for use in toxicity testing were
preserved at 4°C. Samples for metal analysis were preserved with nitric acid. All samples were collgcted by
WSRC personnel and s}}ipped by ovemight delivery to ETT Environmental, where treatments and toxicity
testing were conducted. Metal analyses were conducted by TMA Eberline of New Ellenton, South Carolina.
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3.0 METHODS

3.1  TIE Phase I - Initial Treatments (January 1995)°

The seep sample was subjected to a series of treatments to attempt to remove-toxicity. Each treated sample
was used in a chronic definitive toxicity test to determine the effectiveness of the treatment. The treatments

of the associated toxicity tests are summarized as follows:

Treatment .. Start Date Sample ID Potential Toxicants Removed
Adjust to pH 3 1/31/95 TI3517 -1 Insoluble at low pH

Adjust to pH 10 131795 ~  TI3S517-2 Insoluble at high pH
Aerated at Initial pH 1/31/95 TI3517 -3 Volatile; oxidizable

Aerated at pH 3 ' 1/31/95. TI3517 -4 Volatile, oxidizable at low pH
Aerated at pH 10- - ' 1/31/95- TI3517-5 Volatile, oxidizable at high pH
Filtered at Initial pH 1/31/95 TI3517-6 ©  TSS '

Filtered at pH 3 ' © 1/31/95 . TI3517-7 Insoluble at low pH

Filtered at pH 10 1/31/95 TI3517 -8 metals; insoluble at pH 10
C-18 SPE at Initial pH 1/31/95 TI3517-9 non-polar organics, metals
C-18 SPE at pH 3 - 1/31/95 - TI3517-10 - non-polar organics . '
C-18 SPE at pH 9 : 1/31/95 TI3517-11  non-polar ofganics, metals

Na Thiosulfate Addition 1/31/95 TI3517-12 residual chlorine; some metals
EDTA Chelation - 131795 . TI3517-13 some metals; surfactants

Graduated pH 1/31/95 TI3517 ammonia; metals; sulfide

A baseline test, in which the seep sample was untreated, was also set on the 31st of January. The initial pH
of the FSP-204 sample was between 5.5 and 6.0. This value was considered to be near the lower pH tolerance
limit for Ceriodaphnia dubia. Therefore the pH of all undiluted test solutions was adjusted somewhat higher,

to pH 6.00, so that toxicity du;:-to pH would not confound the results.

Methodology for the individual treatments is discussed below by treatment.

3.1.1 Adjustment to pH 3

An aliquot of the sample;was adjusted to pH 3 with H,SO,. An aliquot. of dilution water also was adjusted

~ to pH 3 with H,SO,, to serve as a control. The pH of part of the pH 3.0 control was readjusted to pH 8.0 with
NaOH. The pH of part of the pH 3 sample was readjusted to 6.0 with NaOH. This treated sample was used
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for the toxicity test identified pH 3 Adjustment. The remaining volume of pH 3 sample was used for

additional treatments.
3.12  Adjustment to pH 10
An aliquot of the sample was adjusted to pH 10.0 with NaOH. An aliquot of dilution water also was

adjusted to pH 10.0 with NaOH, to serve as a control. The pH of part of the pH 10.0 control was readjusted
to 8.0 with H,SO,. The pH of part of the pH' 10 sﬁmple also was readjusted to 6.0 with H,SO,. This treated

. sample was used for the toxicity test identified piH 10 Adjustment. The remaining volume of the pH 10 -

sample was used for additional treatments.
3.1.3  Aeration at Initial pH - .

An aliquot of the untreated sample was vigorously aerated for a period of one hour with air-pumped by a
diaphragm aerator. A 200 mL aliquot of dilution water was also aerated for the same length of time. The
pH of the aerated sample was re-adjusted to pH 6.0 with HZSO4 and NaOH, and the pH of the aerated
dilution water was re-adjusted to-8.0.

-

3.14 Aerationat pH3

An aliquot of sample which had been adjusted to pH 3 was vigorously aerated for a period of one hour with
air pumped by a diaphragm aerator. Aeration increqsed'the pH slightly. An aliquot of pH 3 adjusted dilution
water was also aerated for the same length of time. The pH of the aerated sample was re-adjusted to pH 6.0

.with NaOH and the pH of the aerated dilution water was re-adjusted to 8.0.

3.1.5 Aeration at pH 10

An aliquot of sample which had been adjusted to pH 10 was vigorously aerated for a period of one hour with
air pumped from a diaphragm aerator. Aeration decreased the pH slightly. An aliquot of pH 10 adjusted
dilution water was also éerated for the same length of time. The pH of the aerated sample was re-adjusted

to pH 6.0 with H,SO, and the pH of the aerated dilution water was re-adjusted to 8.0."
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3.1.6  Filtration at Initial pH

An aliquot of untreated sample was filtered through a glass fiber *TSS" type filter which had been pre-rinsed
with deionized water. F i]tratibn changed the pH slightly. After filtration the pH of a portion of the filtered
sample was adjusted to 6.0. The remaining volume was set aside for treatment by a C-18 SPE column. An-‘
| aliquot of dilution water was filtered in the same manner, to serve as a treated control A portion éf the. -
filtered control was readjusted to pH 8.0. The remaining treated control ahquot was set aSIde for treatment .

by aC-18 SPE column
3.1.7. Filtrationat pH3

An aliquot of sample which had been adjusted to pH 3 was filtered through a glass fiber "TSS" type filter
whtch had been pre-rinsed with dilute H,SO,. Filtration changed the pH slightly. After filtration the pH of
a portion of the sample was readjusted to 6. 0 with NaOH. The remaining volume was set aside for treatment
by a C-18 SPE column. An aliquot of dilution water was filtered in the same manner, to serve as a treated

control. Part of the filtered control was r.eadjusted to pH 8.0 after filtration. The rema_ining treated cbntrol
| aliquot was set aside for treatment by a C-18 SPE column.

-

3.1.8  Filtration at pH 10

An aliquot of sample which had been adjusted to pH 10 was filtered through a glass fiber "TSS" type filter
which had been pre-rinsed with deionized water. Filtxﬁﬁo_n lowered the pH slightly. After filtration the pH
- of part of the sample was readjusted to 6.0 \;vith H,SO,. The remaining volume was set aside for treatment
by a C-18 SPE column. An aliquot of dilution water was filtered in the same manner, to serve as a treated
control. Some of the filtered control was readjusted to pH 6.0 after filtration. The remaining treated control

aliquot- was ‘set aside for treatment by a C—I8 SPE column.
3.1.9 (-18 SPE Column at Initial pH

An aliquot of the filtered sample at initial pH was pumped through a Baker 6 mL C-18 SPE column at a rate
of 10 mL per minute. Positive pressure was provided by a chemical metering pump. The column was initially

pre-conditioned with 25 mL of methanol and 25 mL of ultra-pure water.. After conditioning a 150 mL
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aliq_uot of dilution water was run through the column. The first 50 mL of dilution water were not kept, and
.the last 100 mL were readjusted to pH 8.0 and used as a treated control for toxicity testing. Aﬂer the dilution
water the aliquot of filtered effluent was run through the same column. The first 300 mL were readjusted to
QH 6.0 and used for toxicity testing. The second 300 m_L were adjuéted to pH 6.0 and used for anotﬁer

toxicity test. The:second aliquot was run to determine if the capacity of the column had been exhausted.

3.1.10 C-18 SPE ColumnatpH3

An aliquot of the éample which had been adjusted to pH 3 and filtered was pumped through a‘Baker 6 mL
C-18 SPE column at a rate of lb mL per minute. Positive pressure was provided by a chemical mgtéring
pump. The column was‘-initia'lly pre-conditioned with 25 mL of mefhanol and 25 mL of ultra-pure water.
~ After conditioning a 150 mL aliquot of dilution water was run through the column. The first 56 mL of
- dilution water were not kept, and the last 100 mL were readj'usted to pH 8.0 and used as é treated control for
toxicity testing‘. After the dilution Wate‘r the aliquot of pH 3 filtered seep sample was run through the same ’
column. -Th_e' first 300 mL were readjusted to pH 6.00 and used for a toxicity test. The second 300-mL were
also adjusted fo pH 6.0 and used for a toxicity test. The secohd aliquot was run t;> determine if the capaé,ity

.

of the column had been exhausted.

-

3.1.11 C-18 SPE Column at pH 10

An aliquot of the sample which had been adjusted to pH 10 and filtered was readjusted to pH 9.0 and pumped
through a Baker 6 mL C-18 SPE column at a rate of 10 mL per minute. Positive pressure was provided by
a chemical metering pump. The column was initially pre-conditioned with 25 mL of methanol and 25 mL
~ of ultra-pure water. After conditioning a 150 mL aliquot of dilution water was run through the column. The
first 10 mL of dilution water were not kept, and the last 90 mL were readjusted to pH 8.0 and used as a
treated control for toxicity testing. After the dilution water an aliquot of pH.9 filtered effluent was run
through the same column. The first 300 mL were readjusted to pH 6.0 and used for a toxicity test. The
second 300 mL also were adjusted to pH 6.0 .and used for a toxicity test. The second aliquot was run to

determine if the capacity of the column had been exhausted. '
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3.1.12 Oxidant Reduction

A 2.5 g/L stock solution of sodium thiosulfate was prepared. This stock solution was added to aliquots of

undiluted sample water as follows;

Amt. Sodium Thiosulfate Amount Sample Final Concentration

280 pL  700mL 1.0 mg/L
1400 uL- 700mL 5.0 mg/L
2800 pL 700 mL ) 10.0 mg/L

After addition of the sodium thiosulfate, the test solutions were allowed to sit for two hours. In the same

manner dilution water controls were treated with sodium thiosulfate, as follows;

Amt. Sodium lh-iosﬁlfate Amount 20% DMW Final Concentration

40 uL 100 mL 1.0 mg/L
200 L 100 mL 5.0mgL |
400pL 100mL | 10.0 mg/L

-

Effluent test solutions were re?adjusted to pH 6.0, and control test 501utio_ns to approximately pH 8.0, after

addition of sodium thiosulfate.
3.1.13 EDTA Chelation

A 2.5 g/L stock solution of diSodium EDTA was prepared by adding 0.625 g to 250 mL of demineralized
water. This stock solution was used to prepare aliquots of sample with 0.5, 3.0, and 8.0 mg/L of EDTA.
These aliquotS were used for a chronic definitive toxicity test. Dilution water controls were pfepare‘d in the
same manner. After addition of the EDTA thé solutions were adjusted to the initial pH (8.0 for dilution
water; 6.0 for FSP-204). Aliquots of sample with EDTA added were left for 24 hours prior to use in testing,
because equilibration times can be relatively slow for some metals. Immediately prior to testing pH values

in treated effluent and the control were readjusted to the initial measured pH.
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3.1.14 Graduated pH Test

An effluent test was to be conducted at pH 6.0 and pH 8.5. A 1.5 L aliquot of effluent to be'used for the test
at pH 6.0 was treated by adding 1.2 g/L of MES buffer to stabilize the pH. After MES addition the aljci(xbt
was adjusted from pH 4.35 to pH 6.00 with 3 mL of NaOH. A 1.5'L aliquot of effluent to be used for the
test at pH 8.5 was treated by adding 2.3 g/L of POPSO buffer to stabilize the pH. After POPSO addition the
aliquot was adjusted from pH 4.12 to pH 8.56 with 1.5 mL of NaOH. Buffers were also added to controls

to check for buffer toxicity.

32 Toxicity Testing Methods - Phase I

*

Chronic (3 brood) survival and 'repr'oduc’tion-toxicity tests were set with all treated samples during Phase I
.in January 1995.. The baseline test, the pH adjustment tests, the aeration tests, the filtration tests, the C-18
SPE treatment tests, and the graduated pH test were set with dilutions of 40%, 60%, 86% and 100% seep
water. Dilutions of 25%, 50% and 100% were used for each EDTA treatment test, aﬁd dilutions of 25%,
50%, and 100% were used for each treatment of the sodium thiosulfate addition test. The test organism was
Ceriodaphnia dubia. The dilution water was 20% dilutefi mineral water (20% DMW) with a hardness of 70-

90 mg/L. Each test dilution was com[;ﬁsed of five replicate test ofganisms. A treated control (five replicates) '
was prepared for each treatment set, where dilution water was subjected to the same treatment as the seép
samples. Treatment test solutions were renewed on Day 1 an_d Day 4 of the test. pH was measured at test
initiation, test termination, and before and after test solution renewal, for the control treatments and the 100%

- dilution treatments.

3.3 Methanol Elution (March 1995)

Methanol elution was used to attempt to elute potential non-polar organic compounds which méy have
become bound to the column matrix during treatment with a C-18 SPE column. Experience has shown that
with methanol elution non-polar organics will be.eluted from the C-18 SPE column, whereas cationic metals
will not. The procedure involved preparing 25; 50, 75, 80, 85, 90, 95, and 100% methanol solutions, diluted

with deionized water. A 1000 mL aliquot of seep water was pumped through a 6 mL Baker C-18 SPE column

TIE - Phase [/l WSRC FSP-204 9 ETT Environmental, Inc.;8/95




in order to remove non-polar organic compounds as the seep Water p.assed through the column (after the
column had been conditioned). Then, two 1.5 mL aliquots of each methanol solution were pumped through
the column. Both aliquots of each dilution were combined and diluted with 20% DMW to the original seep '
Water concentration. Each diluted methanol eluate was subjected to a chronic definitive toxicity test with

five replicates per test concentration.

34  Additional Phase I Treatments (July 1995)

Two treatments used in Phase I testing in Jmu&y 1995 were repeated in July 1995; filtration and graduated
pH. Due to the extensive acute to:;icity nofedin Phaée I, however, treated samples were subjected-to acute
B toxicity testing rather than chronic. In July 1995, the filtration procedure was modified. At both initial pH
(6.0) a:‘id at pH 11, the seep sample was filtered with two types of filters; a glass fiber (;l‘SS) type filter, and
a 'mc.mbrane (0.45 p) filter. This was déne to determine if the size of the filter pore affécted_rém’oval of
toxicity. The graduated pH test involved adjusting the pH. of the seep water to three pH vaiues; 6.5, 7.5, and
8.0. pH values were stabilized by use of the buffers MOPS, MES and POPSO.

New treatments used in July 1995, which were not used in J anuary 1995, included treating the seep water
with activated carbon, humic aci&, anion exchange resin, and cation exchange resin. Humic acid was added
at a concentration of 10 mg/L. Ahionic and cationic resin treatments consisted of a resin éolumns of l cm
X 25 cm, thfough which the seep water was trickled. Aeration of the sample was designed so that air pumped
through the seep water was collected and forced through 20% DMW in a second vessel. This was done to

determine jf toxicity was volatile and could be transferred to another solution by volatilization.

Acute toxicity tests conducted on each of these treatments involved dilutions of 20, 40, 60, 80, and 100%

seep water, with two replicates of five test organisms at each test concentration.
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3.5 Phase II Treatments

The first objective of this phase of testing was to prepare a seep sample which had cationic metals removed, -
but other ions and components left intact. The only treatment found to be effective at removmg most of the
cationic metals was cationic exchange resin. Even this treatment, however, was found to leave a resndual
amount of acute toxicity in undiluted effluent. Prior to treatment an acute deﬁmtgve toxicity test was
conducted to determine the baseline toxicity. Then, an aliquot of FSP-204 seep water was treated with cation
exchange resin. This solution also was sﬁbjected to an acute definitive toxicity test, with two réplicates of
five test organisms at each test concentration. Measured concentrations of Al, Cd, Fe, and Mn were
determined. The treated solutlon was then to be spiked with different metals of concern at the same lcvels
as measured in untreated seep water. Each metal was spike individually and the sample tested for acute
toxxcxty, ‘and all metals were spiked togethet and the sample tested for acute toxicity. Measured

concentrations of spiked solutions were also analyzed.

After cation exchange resin treatment, the maximum amounts of each metal spiked into “solution

corresponded to the amount measured in untreated seep water. The amounts spiked are summarized as

follows;

Metal of Concern Concentrations Tested

Aluminum 0,1.0,2.0,50,9.15mg/L . -

Cadmium 0,0.5,1.0,2.0,5.0 ng/L

Iron 0,0.1,0.2,0.5, 1.07 mg/L

Manganese 0,0.2,0.5, 1.0, 1.8 mg/L

Combined Metals
Treatment 1 - Al (1.0 mg/L), Cd (0.5 pg/L), Fe (0.1 mg/L) Mn (0.2 mg/L)
Treatment 2 Al (2.0 mg/L), Cd (1.0 pg/L), Fe (0.2 mg/L) Mn (0.5 mg/L)
Treatment 3 Al (5.0 mg/L), Cd (2.0 pg/L), Fe (0.5 mg/L) Mn (1.0 mg/L)
Treatment 4 - Al(9.15 mg/L), Cd (5.0 pg/L), Fe (1.07 mg/L) Mn (1.8 mg/L)

Aluminum, and iron were spike from acidic metal standards for use in metal analysis. Thus both were in the

nitrate form. Cadmium and manganese were spiked in the chloride form from standards made up from salt

1
crystals in deionized water.
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4.0 RESULTS AND DISCUSSION
4.1 Metai Analyses

The results of analyses of cationic metals of concern conducted before and during the TIE are summarized

as follows;

TABLE 1
Cationic Metal Analysis Results 1989-1995
Sample: WSRC Seep FSP-204

-Aluminum (mg/L

359 |, 0.44 10.6 ols
Cadmium (pg/L) 13 20 | 6o | 72
Iron (mg/L) " nodata | 07 | 0.027 | 1.07
Manganese (mg/L) no data : - 256 1.67 1.76
Zine (pg/L) 07 - | 103 33.90° | - 30.8

Arsenic, chromium, copper, lead, and mercury were consistently found to be present at below detection
limits. »Detectibn limits were 50 pg/L for arsenic, 20 pg/L for chromium, 10 ug/L for copper, 50 pg/L for
lead, and 0.1 pg/L for mercury. ‘

The data indicafe levels of aluminum rer_nain consisfen_tly high, except for the July 1992 value. It was
anticipated that much of the aluminum would be complexed in colloidal form and might not be biologically
available. Cadmium levels remained fairly constant at about 7 pg/L, again except for the July 1992 sample.
Irén levels fluctuated considerably, reaching a max‘imum of 1.07 mg/L in July 1995.’_Manganese ranged from
1.67-2.56 mg/L. During the two earlier studies zinc levels were about 100 pg/L; however, these levels fell
during 1994-1995 to about 30 pg/L. - '

Based upon the results of metal analyses, aluminum, cadmium, iron, and manganese were all considered to
be at concentrations which could contribute to seep water toxicity, although this would be dependent upon
the form of the metals present. Under normal hardness regimes, insufficient zinc was present to cause acute

toxicity. However, at very low hardness and alkalinity levels, zinc could not be discounted.
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42 Phase I TIE Testing (January 1995)

Phase I TIE results are summarized in Table II. Several treatments were found to be effective at reducing
toxicity in the seep water. These mcluded adjustment to pH 10, aeration at pH 3 and pH 6, ﬁltratlon and
filtration with a C—l8 SPE column The seep water was also found to be less toxic at pH 8.5 than at pH 6.0.
EDTA chelation was not eﬁbctwe at removing or reducing. toxicity. Several contro!s in the Phase I test

demonstrated poor reproduction, and it was suspected that volatiles in the seep water mély have had an effect -

due to volatilization through vigorous aeration.

These initial Phasé I tests did not definitively identify the type of toxicant present in the seep water. Caﬁonic
metals chelatable by EDTA appeared to be excluded as potential toxicants. This would include cadmium,
copper, iron, lead, manganese, and zinc. Cationic metals not chelafeable by EDTA (aluminum) hydrogen

sulfide (which would be effectlvely removed by aeration at pH 3), TDS, and non-polar orgamcs remamed

as potential candidates.
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43  Methanol Elution (March 1995)

As a result of the reduction in toxicity noted in Phase I with the use of a C-18 SPE column, 'métﬁanol elution
of C-18 SPE columns was conducted. The purpose was to distinguish between removal of non-polar organics
(which typically can be eluted by methanol) and cationic metals (which tend not to elute in methanol).’

" Results of methanol are summarized as foliows;

Reproduction by Test Dilution

Baseline (Untreated) 76 | 0.0 0.0 0.0 0.0
Treated w/ C-18 SPE 28 | 44 102 0.0 00 | 00
25% Methanol Fraction | 104 | | | 3.6 9.6
50% Methanol Fraction 32 S | us | 72
75% Methanol Fraction 13.6 - . - 14.6 11.0 -
80% Methanol Fraction 11.0 . 16.2 -12.8
85% Methanol Fraction | : 11.6 | ' 154 10.8
90% Methanol Fraction | s | 16 | 113
95% Metlianol Fraction | 1438 | 148 | 116
100% Methanol Fraction 168 72 9.6

The results of the methanol elution test series again indicated thaf some toxicity was removed by use of the
C-18 SPE column, as evidenced bjr the reproduction noted at 40% concentration. In untreated seep water at
40% concentration, no test organisms survived to reproduce. C-18 SPE treatment imparted a slight amount
of chronic toxicity to dilution water controls, reducing reproduction to approximately 10-13 neonates per
female. Elution of 80% and 100% effluent methanol fractions showed no substantial reduction in survival
or reproduction as compared to the contrbl's. Thus, it appears that the toxicity in the C-18 SPE column was
not effectively eluted in any methanol fraction. This indicated that the toxicant waé unlikely to be a non-polar’

organic. The data were consistent with a cationic metal toxicant, which would not be expected to elute from

the column.
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4.4 Additional Phase I Treatments (July 1995)

'Cor.lﬁrma'tion of the results of previous Phase I tests and cxploration of other treatments which might be
effective at removing toxicity were conducted in July 1995. A baseline acute definitive toxicity test wa3
initiated on July 28, 1995 (Table 3). The results confirmed the seep water was acutely toxic, with mortality

of all test organisms at all dilutions down to a 20% concentration.

Aeration of the seép water at initial pH and pH 3 did not remove or reduce toxicity at 48 hours. These results
conflicted with results of aeration treatment ciuring initial Phase [ testing. 20% DMW which was aerated with
air used to aerate the seep water did not demonstrate any toxicity. This suggested that no transfer of toxicity
through volatilization occurred. There was no evidence that volatiles such as hydrogen sulfide played a role
in sample toxicify. Thc discrepancy with earlier Phase I findings may reflect either anomalous results in the
first rcund'of Phase [ tests or a change in the toxicity of the sample between the two rounds of Atestin_g. A
volatile such as hydrogen sulfide may have been prescnt in'_gfeatel; concen'trations in January 1995 than in

July 1995.

The éraduatcd pH test indicated that seep water is considerably less toxic at a pH of 8.0 than at a pH of 6.5. -
24 Hour results at 50% concentratibn were particularly clear, éhowing 20% inortality at pH 8.0, 80%
mortality at pH 7.5, and 100% mortality at pH 6.5. The results confirmed the graduated pH treatment results
from January 1995. Toxicants which»are typically less toxic at pH 8.0 than at pH 6.5 include aluminum,
.copper, hydrogen sulfide, and lead. The presence of these toxicants would be consistent with the graduated
pH data. On the other hand, ammon_ia, cadmium, nickei, and zinc are typically more toxic at pH 8.0 than at

pH 6.5, and would appear to be less likely to be primary contributors to toxicity.

Filtration of the seep water with both glass fiber filters and membrane filters and membrane filters showed
that neither type of filter was effective at removing sample toxicity, either at pH 6 or at pH 11. This suggests
that toxicity is not in the particulate phase. It is though that aluminum toxicity is directly related to the

amount of aluminum which passes through a membrane filter.

1
0
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_ Table 3 A
Summary of Results of Additional Phase I TIE Testing
Sample : WSRC Effluent FSP-204
Subcontract Number: AB53050N
July 1995
, 24 Hour Cumulative Mean Mortality

Treatment ~ , 0%| 20%| 40% 50%| 60%| 80%| 100%
Baseline ‘ ' 0%{ 50%| 75% 100%( 100%| 100%
Graduated pH (6.5) : 0% 1 100% < 100%
Graduated pH (7.5) _ ' 0%| - ' 80% » 80%
Graduated pH (8.0) : 0% 1 - 20%| - : 70%
Sample Aerated at pH 3 © 0% 100%]| 100% ] 100%]  100%] 100%
Sample Aerated at pH 6 , : . 1 10% 0% 0% ' 0%| . 0%]| . 45%}

'120% DMW Aerated with Air from Effluent (pH3) . ' : 0%
20% DMW Aerated with Air from Effluent (pH 6) - ' T 0%]:
Glass Fiber Filtered (pH 11) _ C 0%] 100%] 100% 100%| 100%| 100% |
Glass Fiber Filtered (pH 6) _ ‘ 0%| 100%| 100%| | 100%| 100%]| 100%
Membrane Filtration (pH 11) 0% . 0% 0% : 0% 0% 0%
Membrane Filtration (pH 6) ' 0%| 100%| 100%| ° 100%{ 100%| 100%
Activated Carbon ) 0% 0% 0% ] 0% 0% 0%
Humic Acid ' 0%| 100%] 100% 100%] - 100%| 100%
Anion Exchage Resin . A 50% 10% 0% 0% 0% 0%
Cation Exchange Resin - 0% 0% 0% 0% 0% 0%

48 Hour Cumulative Mean Mortality

Treatment o , 0%| 20%). 40% 50%| 60%| 80%| .100%
Baseline o 0% 100%]| 100% 100%{ 100%| 100%
Sample Aerated at pH 3 o _ 0%| 100%] 100% 100%| 100%{. "100%
Sample Aerated atpH 6 - 10%| 100%| 100%] . 100%| 100%| 100%
20% DMW Aerated with Air from Effluent (pH 3) _ 0%
20% DMW Aerated with Air from Effluent (pH 6) . 0%
Glass Fiber Filtered (pH'11) : 0%| 100%] 100% 100%] 100%| 100%
Glass Fiber Filtered (pH 6) ) 0%| 100%| 100% - | 100%] . 100%| 100%
Membrane Filtration (pH 11) » 55% 90% 100% 100% 100% 100%
Membrane Filtration (pH 6) 0% 100%{ 100% 100%] 100%] 100%
Activated Carbon . 0% 85% 75% 95% 70% 100%
Humic Acid : ‘ 0% 100% 100% 100% 100% 100%
Anion Exchage Resin ! 90%|  50%|  40% 60%| 50%|  40%
Cation Exchange Resin 0% 10% 20% 0% 50% 40%

~ TIE - Phase I/l WSRC FSP-204 17 _ ETT Environmental, Inc.:8/95




Carbon treatment of the sample was iarglcy ineffective atfeducmé toxicity in the sample at 48 hours. Acute

toxicity was removed at 24 hours, but at 48 hours complete mortality was noted even in the 20% dilution.

Addition of 10 mg/L of humic acid to FSP-204 seep water was not effective at reducing toxicity. It was
thought that, if aluminum was the primary toxicant in the sample, humic acid might bind aluminum and

remove it from biological availability. There was no ‘evidence that this occurred with this treatment. |

* The final treatments used in Phase I tests were anion and cation exchange resins. Anion exchange resin‘
treatment results are difficult to interprét for two reasons. First, énion.exchange resin treatment produced
acute i‘oxicity in the controls, and second, the anion exchange resin was not 100% pure. The anion exhcange .
resin was separated from a mixed bed resin, and a small amount of cation exchange resin remained after
separation. Nevertheless, it appears that some tokic‘ity was removed by the anion exchange resin. The cation -
exchange resin was the mdst effective treatment for removing acute toxiciy. After 48 hours all significant
acute td)gicity was removed from concentrations of 20-60% seep wéter, and 40-5 0% mortality remained in

80-100% seep water. The results indicate that most of the toxicity can be attribted to cations of some fype.

In sum, the results of .July 1995 Phase I testing indicate thgit.the primary toxicants in FSP-204 are cations
which are more toxic at'pH 6.5 than at pH 8.0, are not volatilé, and are not readily chelatable by EDTA. The
potential toxicant best fitting this description-is aluminum. However, residixal toxiciy left by most of the
treatments suggests that other toxfcants, with diﬁ’e}ent characterisﬁcs, also play a role in toﬁcityL Based on

the results Phase II was designed to spike metals measured at potentially toxic levels into treated seep water.

4.5 Phase II Treatments (August 1995)

A baseline test of the sample of FSP-204 seep water collected on 6/22/95 confirmed that acute toxicity in
the sample had not degraded over time (Table 4; Figure 1). All test organisms died in 48 hours at sample
_concentrations of 60% and greater, and mortality was 70% even at a 20% dilution. This sample was once
again treated with cation exchange resin. Toxicity was removed at concentrations or 20, 40, 60, and 80%
FSP-204. However, toxi!city remained in the undiluted treated sample. Measured concentrations of several
metals were analyzed to determine the effectiveness of resin treatment in metal removal. Results are

summarized as follows;
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Cationic Metal Amount in Uﬁtreafed Sample Amount in Treated Sample
_ - (mg/L) (mg/L)
Aluminum - 9.15 0.0'}'
Cadmium 1 0.00724 <0.005
Iron - 107 <0.02
Manganese - 1.76 20.05 o
Zinc : -~ 0.0308 : ~ nodata |

Iron and manganese were reméved to levels below detection limits. Below detection limits neither:i_roil nor
manganése are likelS/ to be toxic. Although more than 99% of the aluminum wgé removed by cation
exchange resin, 70 pg/L remained. Aluminum would not be expected to be toxic at a éoncenuitic;n of 70
pg/L. Cadmium was reduced fr_dm over 7 pg/L to below ﬁle detection limit of 5 ug/L. The EPA water quality
criterion for cadmium m water of a hardness of 70 mg/L (the FSP-204 water hardness) is 0.86 pg/L, although
the EPA also reports ChI.'Ol’liC éifeéts on Daphhia magna at 0.15 pg/L. Clearly cadmium is toxic at levels well
below a detection limit of 5 pg/L. Whethér toxic levels of cadmium rexﬁaiileduafter cation exchange
“treatment is not known. What is appérent is that cation exchange resin markedly redu<;ed levels of cationic
metals in the samplé and also removed most of the acute toxicity. The resin also is likely to have removed
essential cations such as Ca*, Mg?*, and K*. It is possible that much of the toxicit noted in undiluted effluent

after treatment may reflect the absence of these essential cations.

After cation exchange resin treatment aluminum, iron, cadmium, and manganese were separately spiked into
treated samples, and all four metals were spiked together into a singlé treated sample. Results of toxicity tests
on iron spiked samples showed that a nominal concentration of 1.08 mg/L (measured concentration 1.07
mg/L) did produce significant acute toxicity. However, only 60% of the test organisms were killed by that
concentration of iron, and lower concentrations produced only a small amount of toxicity. This indicates that
sufficient iron is present in FSP-204 fo contribute toxicity, but that iron is unlikely to be the primary toxicant.
As noted previously, iron is removed by EDTA chelation; thus another toxicant would seem to account for
toxicity once iron is removed. Manganese was found not to be toxic at the levels present in the seep water,
at least on an acute toxi!city level. The highest nominal concentration of manganese spiked into treated

sample was 1.76 mg/LL (measured concentration 1.78 mg/L).

TIE - Phase [/I1 WSRC FSP-204 : 19 ETT Eavironmental, (nc;8/95




Aluminum was Spikéd into effluent at homihal concentrations of 9.15, 5.0, 2.0, and 1.0 mg/L. At 2 mg/L and
above, all test organisms were killed by aluminum. A measured concentration of 9.34 mg/L confirms thét
aluminum was spiked correctly, and incorporates the aluminum remaining after treatmeﬁi. Mdrtality was
40% at an aluminqm concentration of 1.0 mg/L These _déta indicate that aluminum is a prirhaxy toxicant in
FSP-204 seep water. As noted above, aluminum toxicity also fits the Phase I data, in which BDTA chelation
was ineffective, and toxicity was less at pH 8.9 than at pH 6.5. Cadmium also was found to be acutely toiic
at all concentratioﬁs spiked into the effluent (0.5 - 5.0 pg/L). It appea;s that cadmium also is a plrimary‘
toxicant-ir‘x the seep watér, perhaps the most important co'mp'onent. Cédmium would be expected to be
removed by EDTA chelation, however, once removed, there is sufficient aluminum to account for toxic_:ify

down to an effluent concentration.of 20% (as was observed).

*

TIE - Phase I/11 WSRC FSP-204 . 20 ETT Environmental, Inc.;8/95




R )
Table 4
FSP-204 Phase II TIE (Acute) Test Results
Cationic Metals: Al; Cd, Fe, and Mn Spiked Sample Tests
Westinghouse Savannah River Company
August 1995

Baseline Mortality by Test Dilution (48 Hr) Treated Mortality by Test Dilution (48 Hr) _
Test corot | 20%| 40%| 60%| 80%| 100%||FSP-204 Jcww | 20%| 40%| 60%| 80%| 100%]
Replicate A 0% 60%] 100%] 100%] 100%] 100%] |Replicate A 0% 0%| 0%] 100%
Replicate B 0%| 100%] 100%] 100%| 100%] 100% | |Replicate B 0% 0%]| 0%] 100%
Replicate C 20%}) 60%) 60%] 100%] 100%] 100% : '
Replicate D 0%} 60%} 100%} 100%] 100%} 100%

Mean 5% 70% 90%] .'100% 100%]| 100%]{ |Mean 0%| 0%[ 0%| 0%] 0%] 100%]
Mean pH (old) . 'Mean pH (old) - )
Mean pH (new) Mean pH (new)

Fe Spiked 48 Hr Mortality in 30% w/ Fe (mg/L) Cd Spiked a8 Hr Mortality in 80% w/ Cd (pg/L)
ESP-204  jcowo 0.10{ 0.20{ 0.50| 1.08} JFSP-204 Jconwat - 0.50] 1.00] 2.00] s.00
Replicate A 0% 0%] 0%] 0%]| 60%] JReplicate A 0% 100%{ 100%} 100%] 100%
Replicate B 0% 20%| 0% 20%| 60%] |Replicate B 0% 100%| 100%| 100%] 100%
Repiicate C 0% 0%] 0%] 20%] 80%} |Replicate C 0% 100%1 100%} 100%] 100%
"|Replicate D 0% 20%{ 20%! 40%| 40%] {Replicate D 0% 100%1{ 100%] 100%{ 100%
Mean 0% 10%] 5%| 20%| 60%{ |Mean 0% "100% 100%{ 100%{ 100%
Mean pH (old) Mean pH (old) : ;

Mean pH (new) Mean pH (new)

Al Spiked 48 Hr Mortality in 80% w/ Al (mg/L) Mn Spiked| 48 Hr Mortality in Spiked w/ Mn (mg/L)
FSP-204 Control 1.00] 2.00} 5.00] 9.341|FSP-204 Coatrol 0.20§ 0.50] 1.00] 1.78
Replicate A, 0% 80%| 100%| 100%] 100%] {Replicatc A 0% 40%] 0% 20% 0%
Replicate B . 0% 20%j 100%] 100%] 100%} |Replicate B 0% 20%| 0%] . 40% 0%
Replicate C 0% 0% 100%| 100%{ 100%| {Replicate C 0% 40%| 40%| 60% 0%
Replicate D 0% 60%] 100%] 100%| 100% | {Repticate D 0% 0%| 0%]| 0%| 40%
Mean 0% 40%] 100%] 100%| 100%)] [Mean 0% 25%] 10%]- 30%| 10%
Mean pH (old) Mean pH (old)

Mean pH (new) Mean pH (new)

Newr Due to restdual toxicity in 100% treuted sample, it was necessary to spike metals into non-toxic 80% concentration

t

TIE - Phase /11 WSRC FSP-204

21

ETT Environmental, Inc.;8/95




Table 4 (cont'd)

FSP-204 Acute Phase II TIE Test Results N
‘Cationic Metals: Combined Metal Spiked Treatment Tests
Westinghouse Savannah River Company )

August 1995

_ ALCd,Fe,Mn % Mortality by Test Treatment
Baseline % Mortality by Test Dilution Spiked . Coatrol Tl T2 [Ta3 [Tna
Test Control 20%] 40%| 60%)| 80%)| 100% ] ]Alspiked (mg/L) <1 -] 1.00} 2.00] 5.00] 891
Replicate A 0%] 60%] 100%] 100%] 100%{ 100% | |Cd spiked (ug/L) <1 1.00{ 2.00] 5.00] 7.20
Replicate B 0%] 100%} 100%] 100%] 100%| 100%] |Fe spiked (mg/L) <l { -0.10] 0.201 0.50{ t.0s
Replicate C - 20%| 60%| 60%] 100%] 100%| 100% | [Mn spiked (mg/L) <} - 0.20| 0.50f 1.00} 1.76
Replicate D 0%) 60%] 100%] 100%] 100%] 100%| JReplicate A 0% | 100%] 100%] 100%| 100%
Mean : 5%| 70%{ 90%} 100%] 100%] 100%] |Replicate B ' 5% 100%] 100%] 100%] 100%}
Mean pH (old) . ) i ) ) Mean pH (old) -
Mean pH (new) ) ) : Mean pH (new)

Note: The test in which the four metals were spiked together used 80% treated sample because 100% treated sﬁmpic retained residual toxicity.
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. ’ : Figure 2

‘ FSP-204 Phase II TIE (Acute) Test Results
Cationic Metals: Al, Cd, Fe, and Mn Spiked Sample Tests
Westinghouse Savannah River Company
August 1995

48 Hour Mortality Due to Aluminum

‘48 Hour Mortality Due to Iron
Baseline Test vs. Spiked Test .

Baseline Test vs. Spiked Test
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50 CONCLUSIONS

_ The results of the Toxicity Identification Evaluation lead to the following conclusions;

v

Volatiles, non—polaf organics, manganese, and ammonia do not contribute to FSP-204 toxicity. -

> Elevated levels of aluminum and cadmium are the principal causes of toxicity in FSP—204 water.
Both metals individually ’are sufficiently concentrated to render the seep water acutely toxic when
diluted to a 20% cdnéentraiion; Both metals can be l;u'gely rémoved by cation exchange resin,
although some toxicity remains. Residual toxicity may be due to small amounts of cadmium or
removal by the resin of éssential ions such as calcium, magnesiﬁm, and potassium.

» Iron is a minor contributor to FSP-204 toxicity. Iron levels appear to fluctuate in the seep and when

levels fall below 1.0 mg/L toxicity due to iron is probably absent.
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APPENDIX H

HSP-103 TIE Studié‘s (from ETT Environmental, 1995b and 1995f)
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2.0 SAMPLING

A single grab sample of the HSP-103 seep water was collected by WSRC personnel on January 5, 1995. The

- sample was shipped by overnight delivery to ETT Environmental, where the TIE was conducted.

- 3.0 SAMPLE TREATMENTS ‘

The sample was subjected to a series of treatments to attempt to remove toxicity. Each treated sample was
used in a chronic definitive toxicity test to determine the effectiveness of the treatment. The treatments and

results of the associated toxicity tests are summarized as follows:

Treatment Start Date - Sample ID Toxicants removed

Adjust to pH 3 ' 1/9/95 - TI3419-1 Insoluble at low pH
AdjusttopH 10 - . 1/9/95 TI3419-2 Insoluble at high pH

Aerated at Initial pH 1/9/95 TI3419-3 Volatile; oxidizable

Aecrated at pH 3 1995 - TI34194 Volatile, oxidizable at low pH
Aerated at pH 10 ’ 1/9/95 TI3419-5 Volatile, oxidizable at high pH
Filtered at Initial pH - 1/9/95 TI3419-6 TSS

Filtered at pH 3 ‘ 1/9/95 TI3419-7 Insoluble at low pH

Filtered at pH 10 1/9/95 TI3419-8 metals; insoluble at pH 10
C-18 SPE at Initial pH 1/9/95 TI3419-9 non-polar organics, metals
C-18 SPE atpH 3 1/9/95 - TI3419-10 non-polar organics

C-18 SPE at pH 9 1/9/95 TI3419-11 non-polar organics, metals

Na Thiosulfate Addition - 1/9/95 TI3419-12  residual chlorine; some metals
EDTA Chelation 1/10/95 . TI3419-13 some metals; surfactants
Graduated pH 1/9/95 TI3419 ammonia; metals; sulfide

A baseline test, in which the seep sample was untreated, was set on the 9th of January. The initial pH of the
HSP-103 samples was 5.37. This value was considered to be near the lower pH tolerance limit for
Ceriodaphnia dubia. Therefore the pH of all undiluted test solutions was adjusted somewhat higher, to pH

6.00, so that toxicity due to pH would not confound the results.

Methodology for the individual treatments is discussed below by treatment.
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3.1 Adjustment to pH3

A 3200 mL aliquot of the sample was adjusted to pH 3.03 with 0.1 mL of H,SO,. An 800 mL aliquot of

dilution water was adjusted to pH 3.07 with H,SO,, to serve as a control. The pH of 200 mL of the pH 3 = '

control was readjusted to 8.06 with 0.5 mL of NaOH. The pH of 800 mL of the pH 3 sample was readjusted
to 6.08 with 0.35 mL of NaOH. This treated sample was used for the toxicity test identified pH 3 Adjustment.

The remaining 2400 mL of pH 3 sample was used for additional treatments.

3.2 Adjustment to pH 10

" A 3200 mL aliquot of the sample was adjusted to pH 10.07 with 0.75 mL of NaOH. An 800 mL aliquot of |

dilution water was adjusted to pH 10.03 with NaQH, to serve as a control. The pH of 200 mL of the pH 10
control was readjusted to 7.99_ with H,SO,. The pH of 800 mL of the pH 10 sample was readjusted to 5.95

- with 0.5 mL of H,SO,. This treated sample was used for the toxicity test identified pH 10 Ad_;ustment The

remaining 2400 mL of the pH 10 sample was used for additional treatments.
3.3 Aeration at Initial pH

An 800 mL aliquot of the untreated sample was vigorously aerated for a period of one hour with air pumped

by a diaphragm aerator. Aeration increased the pH from 6.07 to 7.85. A 200 mL aliquot of dilution water

was also aerated for the same length of time.- The pH of the aerated sample was re-adjusted to pH 5.95 with
0.25 mL of H,SO, and the pH of the aerated dilution water was re-adjusted to 7.95.

34 Aeration at pH 3

A 800 mL aliquot of sample which had been adjusted to pH 3 was vigorously aerated for a period of one hour
with air pumped by a diaphragm aerator. Aeration increased the pH to 3.28. A 200 mL aliquot of pH 3
adjusted dilution water was also aerated for the same length of time. The pH of the aerated sample was re-

adjusted to pH 6.05 with 0.25 mL of NaOH and the pH of the aerated dilution water was re-adjusted to 7.95.
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i
L
Lo




3.5 Aeration at pH 10

A 800 mL aliquot of sample which had been adjusted to pH 10 was vigorously aerated for a plériod of one
‘hour with air pumped from a diaphragm aerator. Aeration decreased the pH to 8.12. A 200 mL aliquot‘ of
~ pH 10 adjusted dilution water was also aerated for the same length of time. The pH of the aerated sample
was re-adjusted to pﬁ 6.05 with 0.45 mL of H,SO4 and the pH of the aerated dilution water was re-adjusted
to 7.94.

3.6 Filtration at Initial pH

A 1400 mL aliquot of untreated sample was filtered through a 0.45 pm membrane filter which had been pre-
rinsed with deionized water. Filtration changed the pH slightly, to 5.95. After filtration the pH of 800 mL
of the filtered samples was réadjusted to 6.00 with 0.35 mL of NaOH. The- remaining 600 mL was set aside
for treatment by a C-18 SPE column. A 900 mL aliquot of dilution water was filtered in the same manner,
to serve as a treated control. 100 mL of the filtered control was readjusted to pH 8.03 _after filtration. The

remaining treated cbntrol aliqﬁot was set aside for treatment by a C-18 SPE column.

3.7 Filtration at pH 3

A 1400 mL aliquot of sample which had been adjusted to pH 3 was filtered through a 0.45 um membrane
filter which had been pre-rinsed with dilute H,SO,. Filtration changed the pH slightly, to 3.09. After -
ﬁltf'ation the pH of 800 mL was readjusted to 5.99 with 0.25 mL of NaOH. The remaining 600 mL was set
aside for treatment by a C-18.SPE column. A 900 mL aliquot\ of dilution water was filtered in the same
manner, to serve as a treated control. 100 mL of the filtered control was readjusted to pH 8.04 after filtration.

The remaining treated control aliquot was set aside for treatment by a C~18 SPE column.
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38 . Filtrationat pH 10

A 1400 mLL aliquet of sample which ltad beext adjusted to pH 10 was filtered through a 0.45 pm membrane
filter which had been pre-rinsed with deionized water. F iltraﬁon lowered the pH to 8.69. After filtration the
pH of 800 mL was readjusted to 5.99 with 0.25 mL of NaOH. The remaining 600 mL was set aside for
treatment by a C-18 SPE column. A 900 mL aliquot of dilution water was filtered in the same manner, to
serve as a treated control. 100 mL of the filtered control was readJusted to pH 7. 91 after filtration. The
remaining treated control aliquot was set aside for- treatment by a C-18 SPE column

3.9 C-18 SPE Column at Initial pH

"A 600 mL aliquot of the filtered sample at initial pH was pumped through a Baker 6 mL C-18 SPE column .

at a rate of 10 mL per minute. 'Positive.press;ure was provided By a chemical metering pump. The column
was initially pre-conditioned with 25 mL of methanol and 25 mL of ultfa—pure water. After conditioning a
100 mL aliquet of dilution water was run through the column. The first 10 mL of dilution water were not
kept, and the last 90 mL were readjusted to pH 7.85 and used as a treated coritrol for toxicity tes:ting. After
the dilution water the 600 mL aliquot of filtered effluent was run through the same column. The first 300 mL

were readjusted to pH 5.97 and used for the toxicity test labelled as TI3419-9A. The second 300 mL were
adjusted to pH 6.02 and used for the tox:cxty test labelled as TI3419-9B. The second ahquot was run to

- determine if the capacity of the column had been exhausted.

3.10  C-18 SPE Column at pH 3

-

A 600 mL aliquot of the sample which had been adjusted to pH 3 and filtered was pumped through a Baker

6 mL C-18 SPE column at a rate of 10 mL per minute. Positive pressure was provided by a chemical
metering pump. The column was initially pre-conditioned with 25‘ mL of methanol and 25 mL of ultra-pure
- water. After conditioning a 100 mL aliquot of dilution water was run through the column. The first 10 mL
of dilution water were not kept, and the last 90 mL were readjusted to pH 8.03 and used as a treated control
for toxicity testing. After the dilution water the 600 mL aliquot of pH 3 filtered effluent was run through the
same column. The -’pH after C-18 SPE treatment was 3.06. The first 300 mL were readjusted to pH 5.99 and
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used for the toxicity test labelled as TI3419-10A. The second 300 mL were adjusted to pH 5.97 and used for
the toxicity test labelled as TI3419-10B. The second aliquot was run to determine if the capacity of the

cdlumn had been exhausted.

311 C-18 SPE Column at pH 10

A 600"x-nL aliquof of the sémple which had been adjusted to pH 10 and filtered was.l readjusted to pH 9.00
and pumped throughé Baker 6 mL C-18 SPE column at a rate of 10 mL per minute. Positive pressure was
i)rovided by a chemical metering i)ump. The column was initially pre-conditioned with 25 mL of methanol
.and 25 mL of ultra-pure water. Aﬁe_r conditioning a 100 mL aliquot of dilution water was run through the
column. The first 10 mL of dilution water were not kept, and the last 90 mL were readjusted to pH 8.00 and
used as a treated control for toxicity testing. After the dilution water the 600 mL aliquot of pH 9 filtered
effluent was run through the same column. The pH after-C-18 SPE treatment was 8.31. The first 3().04"r>r-1L
- were readjusted fo pH 6.01 and used for the toxicity test labelled as 1‘13419&1 1A. The second 300 mL were
adjusted to pH 6.02 and used for the toxicity test labelled as TI3419—1 1B. The second aliquot was run to

determine if the capacity of the column had been exhausted.

3.12 Oxidant Reduction

A 2.5 g/L stock solution of sodium thiosulfate was prepared. This stock solution was added to aliquots of

undiluted sample water as follows;

Amt. Sodium Thiosulfate Amouﬁt Sample Final Concentration
280puL 700 mL 1.0 mglL
1400 pL 700 mL 5.0 mg/L
2800 L. 700 mL . 10.0 mg/L

After addition of the sodium thiosulfate, the test solutions were allowed to sit for two hours. In the same

manner dilution water controls were treated with sodium thiosulfate, as follows;
1
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' Amt. Sodium Thiosulfate Amount 20% DMW  Final Concentration

40puL 00mL 1.0 mg/L
200 pL 100 mL , 5.0 mg/L
400 pL 100 mL 10.0 mg/L

Effluent test solutions were re-adjusted to pH 6.0 + 0.05, and control test solutions to approximately pH 8.00

£0.05, after addition of sodium thiosulfate.

3.13 EDTA Chelation

A 2.5 g/L stock solution <;f diSodium EDTA was prepared by adding 0.625 g to 250 mL of demineralized.
water. This stock solution >was used to prepér'e aliquots of sample with 0.5, 3.0,-and 8.0 mg/L of EDTA.
These aliquots were used for a chronic deﬁniti:/e:toxicity test. Dilution water contrc;sls ‘were prepared in the
same {nanne;:. After éddi_tion of the EDTA the solutions were adjixstc_d to tﬁe initial pH (8.0 'for' dilution
water; 8.0 for HSP-103). Aliquéts of sémplc with EDTA.added were left for 24 hours prior to use in testing,
because equilibration times can be relatively slow for some metals. Immediétdy prior to testing pH values

in treated effluent and the control were readjusted to the initial measured pH.

3.14 Graduated pH Test

An effluent test was to be conducted at pH 6.0 and pH 8.5. A 1.5 L aliquot of effluent to bé used for the test
at pH 6.0 was treated by adding 1.8 g/L of MES buffer to stabilize the pH. After MES addition the aliquot
was adjusted to pH 6.00 with 0.35 mL of NaOH. A 1.5 L alfc.;uot of effluent to be used for the test at pH 8.5
" was treated by adding 3.4 gfL‘of POPSO buffer to stabilize the pH.‘ After POPSO addition the aliquot was
adjusted-to pH 8.55 with' 0.6 mL of NaOH. Buffers were also added to controls to check for buffer toxicity.
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40 TOXICITY TESTING METHODS.

Chronié (3 brood) survival and reproduction toxicity tests were set with all trez;ted effluent samples. The
baseline test, the pH édjustment tests, the aeration tests, the filtration tests, the C— 18 SPE treatme:nf tests, and
the graduated pH test were set with dilutions of 20%, 40%, 60%, 80% and 100% seep water. Dilutions of
60%; 80% and 100% were used for each EDTA treatment test, and dilutions of 60%, 80%, and 100% Were :
used for each treatment of the sodium thiosulfate addition test. The test organism was Ceriodc_zphnia dubia.

The dilution water was 20% diluted mineral water (20% DMW) with a hardness of 80-100. nig/L. Each Vte"st'
dilution was comprised of ﬁv_e replicate test organisms. A treated control (one repliéate) was |:5tepared for-

each treatment set, where dilution water was subjected to the same treatment as the seep éamples.

Treatment test solutions were renewed daily for the first four days of the test. pH was measured at test
initiation, test termination, and before and after test solution renewal, for the control treatments and the 100%

dilution treatments. » ' .
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m 5.0 RESULTS
- " Upon arrival the sample was observed to have a beige to brown coloration, with a small amount of suspended
W s detritus. The seep water was acidic when received, with a pH of 5.37. Both ‘the hardness . 6 mg/L) and
- ' , alkalinity. (38 mg/L) were Tow. In order to confirm that undlluted untreated sample was chromcally toxic,
. “five 72 hour old Cerzodaphma dubia which had been cultured in laboratory dilution water were placed in
_ ' HSP-103 seep water for 96 hours. These test organisms failed to reproduce normally and d_led within 96 -
. hours. This result was wnsideM to confirm toxicity and the TIE Phase I was initiated. The initial pH of all
— ' seep water used for testing was assigned as pH 6.00. A summary of the results is pfovided below. Only
. i aeration at pH 3 was effective at removing all toxicity from the seep water. .
P Treatment - Date Sample]D  Result
u' pH 3 Adjustment - 1/9/95 TI3419-1 Toxicity not reduced
i pH 10 Adjustment ©1/9/95 TI3419-2 Toxicity not reduced
Aeration at Initial pH 1/9/95 TI3419-3 Toxicity not reduced
Aeration at pH 3 ) - 1/9/95 - Ti3419-4 Toxicity removed
Aeration at pH 10 1/9/95 - TI3419-5 . Toxicity increased
Filtration at Initial pH 1/9/95 . Ti3419-6 Toxicity not reduced
—- Filtration at pH 3 1/9/95 .TI3419-7 Toxicity not reduced
. Filtration at pH 10 1/9/95 TI3419-8 Toxicity.increased
' C-18 SPE at Initial pH: 1/10/95 ‘TI3419-9 Toxicity not reduced
- C-18 SPEatpH?3 : 1/10/95 TI3419-10 Toxicity not reduced
V C-18 SPE atpH 9 1/10/95 - TI3419-11 Toxicity increased
Na Thiosulfate Addition 1/9/95 TI3419-12 , ,
m 1.Omg/L 1/9/95 Toxicity not reduced
5.0 mg/L ‘ 1/9/95 Toxicity not reduced
10.0 mg/L, ~ 1/9/95 . - “Toxicity not reduced
- ' EDTA Chelation : 1/10/95 TI3419-13 :
! 1.0 mg/L 1/10/95 . Toxicity not reduced .
' 5.0 mg/L 1/10/95 Toxicity not reduced | .-
* A' 10.0 mg/L < 11095 Toxicity not reduced
P Graduated pH 1/10/95 - TI3419 Toxicity remains at pH 6, 8.5
m " TIE-Phase I- WSRC HSP-103 9 ETT Environmental; 1/95
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5.1 Baseline Test

AR

The baseline test indicated ‘that the untreated HSP-103 seep sample did not affect the survival of
Cerioddphnia dubia (Table 1). This was dissimilar to the results of the screening test initiated upon sample

arrival, which indicated the presence of acute toxicity. The discrepancy may reflect greater sensitivity to the

toxicant-among 72 hour old daphnids used in the screening test than among 24 hour ‘old neonates used in the
‘baselme test. It could also mean that toxicity decreased over time. The baseline test was set 72 hours later

than the screening test. Based upon the results of the baseline test the sample used in thxs study was not as

1IR3 R 15110

 toxic as the samples collected in April 1994. Chronic toxicity was present, however, in the 100% and 80%
dilutions Mean reproduction in the 20% DMW control waier was 23.2 young per female. This decreased
to 18 8 young per female in the 80% dxlutlon and 4.0 young per femaie in undiluted (100%) sample. The
decrease in brood size was observed among first, second, and third brood organisms.

*

52  pH3 Adjustment Test

The pH 3 adjustrneﬁt test showed that acidifying the sample to pH 3 and returning the sample to the initial
pH did not reduce sample toxicity (Table 2). At 100% concentration, the pH adjusted seep sample was
considerably more toxic than untreated HSP-103. The pH 3 adjusted control did not reproduce well,
‘producing only three neonates during the fest. As this was a single replicate it may simply reflect a weak test

organism.

5.3 pH 10 Adjustment Test

" The pH 10 adjustment test showed that modifying the sample topH 10 and retuming the sample to the initial
pH did not reduce sample toxicity (Table 2). Undiluted effluent which was treated in this manner was more
toxic than untreated effluent. A change in the color of the sample was noted durmg treatment When NaOH
was added to the sample and the pH reached 10, the color of the sample gradually became a dark brown. The

mean reproduction of the treated control (22) was approximately the same as baseline test cdntrol (23.2).

a
¢

TIE-Phase - WSRC HSP-103 10 ETT Eunvironmeatal; 1/95




S.4 Aeration Treatment Tests

Aeration of the samélc at the initial pH and at pH 10 was not effective at removing samplé toxicity (Tables
3 & 4). Aeration at pH 10 (and readjustment to the initial pH) ihcreased the toxiéity of undiluted sample.
However, aeration of the sample at pH 3, followed by réadjustment to thie initial pH, removed all toxicity
from HSP-103. Mean reproduction in the [00% sample dilution (aerated at pH 3) was 2276 yoUng per femaie.

Controls aerated at the three pH values all demonstrated excellent reproduction, with means ranging from

22.0 to 33.0 young per female.

8.5 Filtration Treztmert Tests

Filtration of the sample at the initial pH and at pH 3 was not effective at removing sample' toxicity (Tables }
3 & 5). Aeration at pH 10 (and readjustment to the initial pH) increased the toxicity of undiluted sample.
Controls filtered at the initial. pH and pH 3 demonstrated excellent reproduction, with means of 24.0 and 22.0

respectively. The control ﬁltered at pH 10 reproduced poorly during the test.

5.6 C-18 SPE Column Treatment Tests

Treatment of the samplé with a C-18 SPE column at the initial pH, bH 3, and pH 9 was not effective at
removing sémple toxicity (Tables 6 & 7). Treatment at pH 3 and pH 9 (and readjustment to the initial pH)
increased the toxicity of undiluted sample. Controls filtered through the C-18 SPE columns at the initial pH
and pH 3 demonstrated poor reproduction, indicating chronic toxicity was imparted By the columns.

However, the control treated at pH 10 reproduced well during the test.
5.7 Sodium Thiosulfate Addition Test
Treated control data indicated no chronic toxicity was imparted by addition of either 1, 5, or [0 mg/L of

sodium thiosulfate (Table 8). As noted above, 100% untreated HSP-003 sample was chronically toxic to the

test organisms, with a mean reproduction of 14.0 young per female. Addition of 1,5 or 10 mg/L of sodium
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sodium thiosulfate did not increased meéan reproduction abave this baseline level. Thus, sodium thiosulfate

was not effective at removing chronic toxicity from the seep water.

5.8 EDTA Chelation

EDTA addition of between 0.5 and 8.0 g/L was not effective in reducing sémple toxicity (Table 9). Addition
of 0.5 g/L'to 100% HSP-103 resulted in reproduction similar to that in the baseline test. 3.0 g/L of EDTA
reduced'fepfbduction below the baseline level. 8.0 g/L of EDTA eliminated all réproductiom by the test

" organisms in the 100% sampb dilution. Sirﬁilarly, 8.0 g/L of EDTA added to a dilution water control

produced chronic toxicity.

5.9 Graduated pH Test

HSP-103 seep water was acutely and chronically toxic at 100% concentration both at pH6.0and pH8S -
(Table 10). Tﬁ’us both tests. showed greater tbxicity than thé baseline test. There are two possible
explanations for this phenomenon. First, in the baseline test the pH of all dilutions was allowed to drift
between renewals. As a result, the pH drifted up to as high as 8.5 over time. In the graduated pH test the pH |
6.0 adjustment test was maintained between pH 5.99 and 6.14, and thus the meﬁn pH was much lower.
Second, the buffers may have imparted some toxicity. The buffer controls indicated only a slight effect by
the POPSO buffer on reproductio.n ét'pH 8.5 but a substantial effect by the MES buffer at pH 6.0
(reproduction was reduced to 3 young during the test). It would appear then that the sample was more toxic
at pH 8.5 than ata more neutral pH, and, if toxicity at pH 6.0 was not simply an artifact of the use of buffers,

the samble may also have been more toxic at pH 6.0 than at a more neutral pH.

TIE-Phase I- WSRC HSP-103 12 ETT Eavironaeatal; 1/95




'.‘6;0A DISCUSSION

The results of the Phase [ Toxic('.ty [dentification Evaluation of seep HSP-103 indicate the presence of a.
toxicant {or more thah one ‘toxicant) which is pH sénsitiye and which can be either volaii!i;ed or okidi;ed '
to a less toxic form at an 'zgcfdic pH. It appears that the toxicant is not a cationic metal which can be removed
from bioavailability through EDTA chelation. The‘inefft‘:ctivenesé of the graduated pH test and-sodium

thiosulfate treatment suggest that ammonia nitrogen and residual chlorine are not toxicants.

Possible .toxicants which 'might fit the pattern of toxicity in the different treatments would include 1)
sulfide/hydrogen sulfide, 2) cationic metals which are not removed from bioavailability by EDTA chelation,
3)acid ydlati_lc organics which are ﬁot removed by a C-18 SPE column. Sulfide fits the pattern because at
pH 3 it would be in the form of H,S, which is volatile. Conversely, the hydrosulfide ion (HS"), the forrﬁ
preént at higher pH values, is soluble and nor‘x-vdlﬁtile. Metals such as aluminum, chromium, seleaium, and
arsenic are not chelatable by EDTA, and are not excluded from consideration by the results of testing. The
color of the effluent suggests the présence of humic or tannic acids. The presence of these natural organic
ligands undoubtably affects t};e toxicity, form, and bioavailability of .eith'er organic or metal toxicants in the

seep water.
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7.0 RECOMMENDATIONS

Additional testing will be necessary to determine the identity of the toxicant. Chemical analyses of the seep . :

water which should be conducted include sulfides, nitrites, cyanide, aluminum, and chromium. The aeration

HHE 1R

at pH 3 treatment and test should be repeated to confirm the effectivenéss of the treatment. This should be
done by both nitrogen spafging and by aeration, in order to differentiate between volatil_igation and oxidation - -
of the effluerit. Elution of the SPE columns with methanol should be conducted to determine if the toxicant
can be eluted from the column. Spiki;lg of metals suéh as aluminﬁm, iron, or niangancse in combination with

humic acid may provide information with regard to the color changes noted during pH adjustment. Results

of these analyses will provide valuable information for deciding the course of the TIE from this point. ,

»

=33
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"Table 1
HSP-103 Chronic TIE Test Results
Baseline Test
Westinghouse Savannah River Company
January 1995

Baseline Reproduction by Test Dilution ‘

Test Control 60% 80%|  100% . . -
Replicatc A 24 251 25 9 Reproduction Data
Replicate B 241 23 20 19| 30 Baseline Test

Replicate C . 26 27 20 .12 S5

JReplicate D 24 30] 33} I5H 3 20 |

Replicatc E 18y . 30 ‘14] 15 ¥ s

Mean Brood 1 4.2 14 26] . 22} £ "
-{Mean Brood 2 9.0 9.2 7.0 5.6 § 5

Mean Brood 3 10.0 13.4 9.2 621 = o | T RN

Mean 23.2 27.0 188 14.08} Contio! ~ 60% - 80% 100%
S Dev. 3.03 ~3.08 1.69] 3.7 Effient Concentration
Cocff.ofVar. | . 13% 11%]  62%]  27%)| MEMean Brood 1 Mean Brood 2 @Mean Brocd 3
Mean pH (old) 7.48 8.46 '

Mean pH (new) 7.93} - 6.02

. g :
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Table 2 )
, HSP-103 Chronic TIE Test Results
i pH 3 and pH 10 Adjustment Tests -
Westinghouse Savannah River Company
January 1995
JAdjusted to Reproduction by Test Dilution ' '
pH3 Control |~ 60%| 80%| 100% pH 3 Adjustment
Replicate A : 24] - 28 - 18 30
Replicate B~ 24 22 2
Replicate C 26 27 23 .é 25
Replicate D - 24 231 . 27 320+
RepliomesE | 18] 26| 26 25
 |MeanBrood 1 42 44 44] . I
[ Mesn Biood 2 9.0 8.6 6.8 §
Mean Brood 3 100] 122 120 =5 X : B §
Memm 2321 2% 232} @ TCotrol " 60%  80%  100%
15t Dev. 3.03 2.59 3.56 ’ Effluent Conpentration :
Mean pH (old) - 748 : .
Mean pH (new) 7.93
Adjusted to Reproduction by Test Dilution : :
pH 10 Control 60%|  80%| 100% pH 10 Adjustment
Replicate A — 24 25 26 X 20 o
Replicate B 241 27 28 X -
Replicate C 2 34 27 Xjl &%
Replicate D 24 24 27 Xt g2
Replicate E T 18 32 26 Xl S5
Mean Brood 1 42| 30 34 00] 2]
Mcan Brood 2 9 9.6 8.4 0.0 g s
Mean Brood 3 0] " 158] 150 00} = :
Mean ' 23.2 2841 - 26381 0 0 Cortiol 60% 80% 100%
Std. Dev. 3.03 4.39 0.84 0.00 Effiuert Concentration. -
Cocff. of Var. ) . 13% 15%] 3% 0% ) {- Baseline EPH 10 Adjustmentj
Mean pH (old) 748 : 765 N }
Mean pH (new) 7.93 " 5.99
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Table 3
HSP-103 Chronic TIE Test Results
- Aeration and Filtration at Initial pH Tests
Westinghouse Savannah River Company

January 1995
Aerated at | Reproduction by Test Dilution _ | - L
Initial pH  [Contol | 60%| 80%] 100% Aeration at Initial pH -
Replicate A . 24 29 29 0 30—
Replicate B 2% 25 23] xol e
Replicate C i S 30 25 6l =
Replicate D 24 23 31 7 !320
Replicate E 18 23 29 2}l §15]
Mean Brood 1 12 34 36 32| X4l
Meaa Brood 2 9.0 72 82 . 3.0] a8
Mean Brood 3 100]__154] _156] ool =°
Mean 32| 2601 274| 70 0
Std. Dev. 3.03] _ 332] 3.29] . 4.58
Coeff. of Var. - 13% 13% 12%4 - 65%1}
Mean pH (old) ' 7.48 724}
Mean pH (new) 793 | 5.97|
Filtration at Reproduction by Test Dilution
Initial pH " jControl 60%] '80%|  100% _
Replioate A 24 25 22 0 2
Replicate B 24 29 23 19 cos
Replicate C_ 26 - 231 24 21| € J
Roplicate D 24 31 19 24 gm -
Roplicatc B I8 10 11 4] E1s]
Mean Brood 1 4.2 4.0 40F 28} e .1
Mean Brood 2 9 8.4 6.8 44] '§
Mean Brood 3 10] 112 9.0 g4l = 5
Mean 232 236] 19.8] 156 o -

. Control  60% 80% - 100%
Std. Dev. 303 823| 536|945 Effluent Concentration
Cocff. of Var. 13%]  35%| 27%| . 0% : _
Mean pH (old) 748 71 (st Baseline B8 Fitration|
Meaa pH (new) 7.93 C 601 '
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Table 4
HSP-103 Chronic TIE Test Results
Aeration at pH 3 and pH 10 Tests

' p .
i ; Westinghouse Savannah River Company - .
January 1995 :
Aerated at | - Reproduction by Test Dilution __ :
pH3 Control | -60%|  80%!| 100% Aeration at pH 3
Replicate A 33 29 0 35
: Replicate B 27 29 c 30
‘ Replicatc C - ) 30 27 -.-325 _______
Replicate D ‘ 27 27 |
. Replicatc E . 17 23 gzo BY B wmEl
’ Mean Brood | 6.0 40| 30 15
‘ Mean Brood 2 120 98] 170 ol §1w071
, Mcan Brood 3 150] 122 n2f 1l =s :
1 [Mean "~ 3301 260 212| 226 ) i .
St Dev. 000|520 1205 336 oMol ettt Conoentaion. 0"
Cocff. of Var. . 0% 20% 3% 15% T — —
MesaptLlold) %98 { M Baseline ‘ B Aeration at pH 3
Mesa pH (aew) 7.98 : :
Aeration at Reproduction by Test Dilution R e
pH 10 Control | 60%}  80%| 100%) Aeration at pH 10
Replicate A 24 25 23 X %0 : .
Replicste B 21 29 X c
Replicate C 1 24 23 X| s8¢
- Replicate D « 23 26 X &2
Replicatc E . 28 24 Xl S
IMcan Brood1 5 38 32 ool & 10
, Mean Brood 2 7l . 86 86 00} §
: Mcan Brood 3 16 1.8 13.2 00)f =5
Mean 28] 242 25 ) ol Mz, huin  EREN | RS
, StdDov. - 0.00] 259 255|000 ool Concee o 100
! Cocff. of Var, 0% 11%]| 10%] 0% . S o]
Ncea pH (a1d) 736 v | Baseline &l Aeration at pH 10
Mean pH (new) 7.98 ) : 6.03 ’L
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Table 5
HSP-103 Chronic TIE Test Results
Filtration at pH 3 and pH 10 Tests
- Westinghouse Savannah River Company
January 1995 '
Filtered at " Reproduction by Test Dilution . . !
|pE3 Control | 60%| 80%] 100% Filtration at pH 3
Replicate A 221 34 28 13 30 .
Replicate B - S 21 30 14 € o5 |
Replicate C 33 32 20} 2
Replicate D. 25 . 21 13 § 27
Replicatc E ' 10 1l ol EBss
Mcan Brood1 601 - 461 - 4.2 2.6 o 10
MeanBrood2 go] 76| 92| 32] §
Mean Brood 3 12.0] 124 11.6 62} =%
Men 2201 246 250 12.0 o oy v e
Sid. Dev, 0.00] 9.81] 7.42| 731 ontrol. ]
Cooff.of Var, - T 0%|  40%]  30%] _61% .. Effluent Concentration
Mean pH (old) 7.48 , 710 [- Baseline B Filtration at pH .3]
Mean pH (new) g02] . - 6.00
Filtered at Reproduction by Test Dilution o . . e .
pH 10 Control 1609l 80%| 100% | Filtration at pH 10
JReplicate A 7 13 7 X 30
Replicate B 20 15 X < 25
Replicate C ' 17 13 Xl €
Replicate D ' 17 19]  XJ| §27
Replicatc E N 14 20 X §.15 1 -
Mecan Brood 1 4 4.2 3.2 0.0 o« 10 |
Mean Brood 2 3] 72 50 00} §
Mean Brood 3 ol 48[ 66 ool =S MR :
Moan 7] 162 14.8 oli ol MEEA | K - |
Std, Dev, 0.00] 2771 522 000 Control 'EfﬂSO%: c 8?;. 100% -
Cosff. of Var. 0% 17%|  35%] 0% : uent “oncenfration
Mean pH (old) 7.55] 7.45 W1 Baseline B Filtration at pH 10}
Menn pH (new) 7.94 6.05 :
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Table 6
HSP-103 Chronic TIE Test Results _
C-18 Solid Phase Extraction at Initial pH and pH 3 Test
Westinghouse Savannah River Company

January 1995

Last Portion Reproduction by Test Dilution _ .
Inifial pH___ |Comrol | _60%] _ 80%] 100% C-18 SPE at Initial pH
Replicstc A 0 14 15 9 30
Replioste B X 10 13} < 5
Replicate C 24 0 sl £
Replicate D : - 26 0 27 20 -§20
Replicatc E . 23 120, 20 515
Mean Brood 1 . 0.0 1.0 24 48 PPN

* |Mesn Brood 2 ~ 00} 86 6ol 521 §
Mean Brood 3 00| 124 44 34} =°
Mean - _ 00 71.0 128 134 g +— '
Std. Dev. 0.00] 4.64] _ 9.73] _ 666 Control _ 60% 80%
GoetE. of Ve, 0% 21%|  76%|  50%) |- Effiuent Concentration
Mean pH (old) - 3041 | mBasetine B C-18 SPE Initial pH]
Mean pH (new) . ’ ' 6.00 :
Last Portion Reproduction by Test Dilution ' T
pH3 Control | . 60%]  80%| 100% . C-18SPEatpH3
Replicate A - 0 16 _13 3 30 '
Replicate B 19 26 1 c

|Repticate ' 18] 31 2 g%
Replicate D ! 27 33 2l 820,
Replicatc E - ' 23 22 4 815
Mean Brood 1 o] za] 36l _1af &, B8 PmEl Fa B |
Moan Brood 2 0 3.0 932 10} §
Menn Brood 3 0 104 12.2 oojl = 81
Mean 0 20.6 25 2.4 0 —Cortra 0% 0% 00%

. Std. Dev. 0.00]  439]  797] 14 , B0%

 Coottof Var. 0% 71% 1% 15% : Effluent Concentration
Mean pH (old) 7.47 [mBasetine  mC-18at pH 3]
Mean pH (rew) 5.96
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Table 7
HSP-103 Chrenic TIE Test Results
C-18 Selid Phase Extraction at pH 9 Test .
Westinghouse Savannah River Company

January 1995
Last Portion Reproduction by Test Dilution o i . !
pH9 - |conwot | 60%| 80%| 100% ‘ C-18 SPE atpH 9
" |Replicate A 231 21 20
R:phcatc B - 7 S5
Replicate C . 6 g
Replicats D 5 §_20 1Y — PR - e
‘{Roplicatc E : 10 §_15 :
Mean Brood 1 ' 6.0] 2.6} . n:__10
Mesa Brood 2 30| 40 g .
Mean Brood 3 140 3.2 =5 B
Mean 23.01 98 0 T —
Std. Dev. 0.00] 6.53 1°°%A
Coeff. of Var. - 0%)  67%) . ; )
Mean pH (old) { M Baseline BN C-18 SPEatpH 9|
Mean pH (new)
[
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Table 8
HSP-103 Chronic TIE Test Results
Sodium Thiosulfate Addition Test

Westinghouse Savannah River Company

January 1995
Sodium Reproduction at 60% Dilution
Thiosulfate ' 0% Efuent | 60EMomt | 60% Efuent
Addition 20% DMW with 1 withs with 10 . -

‘ Ditution Water “,mm ,,,“_.::k m,,.o::; l Sodium Thiosulfate Addition
[Replicate A__ 24 2 ~ 26 20]| 25 :
Replicate B 24 - 29 20 2611, 520
Replicate C 26 21 21 2l 371
Replicate D 24 21 20 19) 8151

" JReplicate E - 18}. - 22 . 18 17 10
" IMean Brood 1 4.2 2.8 » 16 3.2 & 5
Mosn Brood 2 9.0 8.0 8.6 92] 2
Mean Bmod3 10 12‘2 10.8 9.8 | § o 20% DA ETwtogh. EX.wWEmpl ETw i0mgA
Mean 23.2 .23 .21.0 2221 Amt. of Sodium Thiosulfate . -
Std. Dev. 3.03 3.39 424 5.07‘
Cocff. of Var. 13% 15% 20% 23%
Mean pH (old) 7.48 “ R
Mean pH (new) 7.93 :
Sodium Reproduction at 100% Dilution
Thiosulfate 100% Efffuert | 100% Efloent 100% Efluent )
Addition 20% DMW with 1 mg/lL. with S mgfl. with 10 mg/L. ) - :
. pluionWeter | NaThosifite | NaThomifite | NaThosdfate ' - Sodium Thiosulfate Addition
Replicate A 24 18 20 off 2 : ;
Replicatc B 24 12 13 20 =
Replicate C 26 5 23 5 5
Replicate D 24 0 0 13 815
Replicatc E 18 10 14 20 E40
Mean Brood 1 4.2 26 3.2 341l §
Meaa Brood 2 9 22 36 40} =°
Mecan Brood 3 10 4.2 7.2 6.4 O O TG e B v 1 ousT B w05 mgL i o 10T
Mean 23.2 90 14 13.8 Amt. of Sodium Thiosultate
Std. Dev. 3.03 6.86 8.86 8.52 B 100% Dilution
Cocff. of Var. 13% 76% 63% 62%
Mean pH (old) 7.48 7.29 7.43 137
Mean pH (new) 793 6.00 6.00 598
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Table 9
HSP-103 Chronic TIE Test Results
EDTA Chelation Addition Test
-Westinghouse Savannah River Company
' January 1995
EDTA Reproduction at 60% Dilution . . T ,
Chelation Untrested 50%Effluent | 50% Effuent | 50% Effuert , .
L 20%DMW | withosmgL | withdmgt | wimsmgr |l - EDTA Chelation
. Dilution Water | &Sodiu EDTA. | diSodium EDTA | diSodiun EDTA . 50% Effluent Dilution
Replicate A 24 23 19 14 : oo
Replicate B 24 27 24 8 30
Replicate C ‘ 26 il 27 0 §25
Replicate D 24| . 2] @ 023 4l 841
Replicate E - 18 27] . 22 411 3
Mean Brood 1 4.2 46} 4.2 4.4 a.15
‘|Mean Brood 2 9.0 10.6 7.2 1.6 T: 10 4
Mean Brood 3 10 104} 116 001l 8§ 5
{Mean — 232 256] . 23 6lf =°T
{54 Dev. 3030 297] 292 5.29 R T TR oy ooy
Cocff. of Var. : 13% 12% 13% 88% Amt, of diSodiqm EDTA
Mean pH (old) )
Mean pH (new)
EDTA Reproduction at 100% Dilution
Chelation Untreated | 100% Effient | 100% Effuere | 100% Effuent - .
’ 2oDbw | witosmg | witsmot - | winsmgr || EDTA Chelation
Dilution Water § &iSodium EDTA | diSodium EDTA | diSodivm EDTA 100% Effluent Dilution
Replicate A - 24 13 9 0 ’ .
Replicate B 24 17] 8] . 0 25
Replicate C 26 9 0 0 S 20
Replicate D 24 25 7 4] ‘§ i
Replicatc E . 18 -0 10 0 ? 15
Mean Brood 1 4.2 3.2 3.8 00K §
Mean Brood 2 9.0 52 - 30| ool %1
Mean Brood3 | 10.0 44 00 00}l § 5 —
Moan 23.2] 128 5.3 00]| =
Std. Dev. 3.03 9.28 3.96 0.00 0 305 OMW ER. /O gL 'ER, w 5 oL £, W 3 molL ER w1 8 mglL
Coeff. of Var. 13% 73% 58% 0% o Amt. of diSodium EDTA
Mean pH (old) 7481 167 7.46 7.49
Mean pH (new) | 7.93 6.00 6.00 60011
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o Table 10
HSP-103 Chronic TIE Test Results
Graduated pH Test -
Westinghouse Savannah River Company
January 1995. "
. 20% DMW 60% Efuent 80% Efluent 100% Efffuent
" Untrested Adjusted. | Adjustod Adjumed . _

DiluionWater |  topH60 wplisd | wpH6s ' Graduated pH Test
Replicate A 24 18 0 X _ pH 6.0 Adjustment
Replicate B 24 8 0 X 25
Reolicate C 26 7 0 Xl .
ReplicateD-___| 24 18] 22 xl| €%
Replicate E 18 1 - 11} X ‘!3 15
Mean Brood 1 . 4.2 2.4 1.8 00]] & |
IMeanBrood2 |  9.0] 32 3.4 T 00]] 10
Mean Brood 3 10 . 48f. * 14 0.0 § 5
Mean : 23.2 10.4 "~ 66| 0
Std. Dev. 3.03 744 - 934 0.00 o
Coeff. of Var. 13% 2%  14%% 0%
Mean pH (old) 7.48 6.14 - 6.10 5.99
Mean pH (new) 7.93 6.01 603} 6.02

20%.DMW ' . 60% Effluent 0% Efffuent 100% Effivertt

. Untreated Adjusted Adjusted Adjusted

Dilution Water toph 85 o pH &5 topH8S Graduated pH Test
Replicate A 24y . 23 ~ 13 X pH 8.5 Adjustment
Replicate B . 241 25 24 X 30
Replicate C \ 26 26 14 X c25
Replicate D 24 23 16 Xl =
Replicatc E —_18 31 23 x] 8%
Mean Brood 1 4.2 C 34 3.0 0.0} &1s
Mean Brood 2 90 . 90 7.4 00} T
Mean Brood 3 10 13.2 76 _00]l £,
Mean 2321 256 18.0 0.0 : _
Std. Dev. 3.03 3.29 5.15 "0.00 0 oo em et w0k et o e
Cocff. of Var. 13% 13% 29% 0% Effiuent Concentration
Mean pH (old) 7.48 8.17 208 .05 '
Mean pH (new) 7.93 $.53 .53 8.52
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1.0 INTRODUCTION

| 'Phase I Toxicity Identification Evaluation testing indicated that aeration of HSP-103 seep water at pI‘-IVB was
effective in reducing chronic toxicity. Aeration treatment is typically effective at removing toxicity either
“through sparging volatiles, okidation, or physical rcmoyzil through adherence of toxicants to the sides of the
aeration vessel (surfactants). Surfactants are not éonsideréd a possible source of toxicity in this séep water. *
Iﬁ order to determine if the mode of action is oxidation or sparging, a series of chronic tests of HSP-103 seep

water aerated and sparged at varying pH values was conducted. Seep water was first screene‘d, on May 2-9,

1995 to confirm that untreated sample was chronically toxic. Aeration and sparging treatments/tests were

performed on May 15-22, 1995, as follows;

Baseline Test (Unt_rea'tcd Effluent)
Adjustment to pH 3 Test
Adjustment to pH 10 Test
Aeration at Initial pH Test
Aeration at pH 3 Test |
Aeration at pH 10 Test
Nitrogen Sparging at Initial pH Test
Nitrogen Sparging at pH 3 Test
Nitrogen Sparging at pH 10 Test

WSRC - N2SPARGE ETT -3/95




2.0 METHODS
- pH Adjustment of the seep sample was conducted through addition of 1-5 N H,SO, and NaOH, as necessary.

Aeration was conducted using di_aphragm-typé aerators, tubing, and airstones. The duration of aeratic_m was

~one hour. After aeration samples were re-adjusted to the initial pH of the seep water (pH 6.0).

Nitrogen sparging was conducted using compressed nitrogen gas, tubing, and airstones. The duration of
nitrogen sparging was one hour. After sparging samples were re-adjusted to the initial pH of the seep water

(pH 6.0). -

Toxicity tests were conducted as Pass/Fail chronic survival and reproduction tests with the test organism
C’eriodaphnia dubia. Each test consisted of twemy replicates of tréated seep water and twenty réplicates of
a treated control: 20% Diluted Mineral Water (DMW) was used as dilution water for the controls.

WSRC - N2SPARGE 2 ’ ETT - 5/95




3.0 RESULTS AND DISCUSSION

The "screening"‘ test conducted on May 2-9, 1995 demonstrated that the seep water continued to demonstrate
chronic toxicity to aquatic invertebrates. Two Wegks later the baseline test indicated no reduction in toxicity

over time. Adjustment of the pH to 10 did not change the toxicity of the seep water. Results of the test on

seep water adjusted to pH 3 were anomalous. The control reproduction was suppressed to a mean of 12.8 and

the seep water test organisms had reproduction enhanced to a mean of 19.0. Possible explanations would
include contamination: of the control sample, removal of sample toxicity through pH adjustment, or
accidental switching of the control and effluent samples. In as much as no clear explanation of this test result:

is available, the result is best viewed with suspicion.

Aeration of the sample at any pH was effective at reducing chronic toxicity. Nitrogen sparging proved to
slightly mor§ effective at reducing toxicity than aeration. This is thought to be a result of the rate of spar_ging.
Sparging with nitrogen was administered at a more vigorous rate than sparging with air. As a whole, results
suggest that the_ mechanism of toxicity reduction is sparging, rather than oxidation. This is concluded
because nitrogen sparging was as effective as aeration. The results a&’e thus consistent with a volatile

chemical as the toxicant of concern.

WSRC - N2SPARGE 3 BT - 595
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TABLE 1

SUMMARY OF AERATION AND NITROGEN SPARGING TREATMENTS/T ESTS

Effluent: WSRC HSP-103

.

- May 1995 -

: Reproduction
pH Adjustment - Date Control | Effluent Comments
Untreated Effluent (pH 6.0) 5/2/95 19.4 7.1 |Effluent chronically toxic
Untreated Effluent (pH 6.0) - ' 5/15/95 16.3 6.3 |No decrease in toxicity over time
Effluent Adjusted to pH 3 . . 5/15/95 12.8 19.0 JAnomalous results - ?
Effluent Adjusted to pH 10 5/15/95 15.1 5.9 |No reduction in toxicity.

Reproduction
Aeration . Date Control | Effluent . Comments
Untreated Effluent (pH 6) 5/15/95 16.3 6.5 |Effluent chronically toxic
Aerated at Initial pH 5/15/95 17.4 12.8 | Slight decrease in toxicity
Aerated at pH 3 5/15/95 17.3 10.9 | Slight decrease in toxicity
Aerated at pH 10 5/15/95 174 11.4 |Slight decrease in toxicity

. B . Reproduction .
Nitrogen Sparged Date Control | Effluent Comments
"|Untreated Effluent (pH 6) 5/15/95 163  6.5]Effluent chronically toxic
Sparged at Initial pH 5/15/95 18.2 18.3 | Toxicity removed
Sparged at pH 3 5/15/95 18.4 10.8 |Slight decrease in toxicity
Sparged at pH 10 S/15/95 174 15.5|Slight decrease in toxicity

WSRC - NISPARGE
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APPENDIX |

Fourmile Branch TIE Studies
(from ETT Environmental, 1895c and 19985d)
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1.0 INTRODUCTION

‘During 1994 surface water samples from Four Mile Branch were used to culture Ceriodaphnia dubia in a.

study conducted by ETT Environmental, Inc. Records of seven day reproduction were niaintained du'ring the
period of study. Results indicated that surface water from Four Mile Branch was usually chromcally toxic

to C. dubia. Slgmﬁcant acute toxrcxty was also noted on an mtermrttent basis.

The presence of acute and chronic tox1c1ty in Four Mile Branch surface water triggered a chromc Tox1cxty

Identlﬁcatxon Evaluatlon (TIE), PhaseI of whxch is presented in this report.
Chromc toxxcrty tests were conductéd on all treated samples The purpose of this first Phase of the TIE was
to determine the characteristics of the toxxcant(s) and thereby assess the class of toxicant, e.g., metal non-
polar orgamc, or TDS, present in the stream water. In order to verify that chronic toxmlty was present in the

. sample prior to conducting all the treatments test orgamsms (Cerzodaphma dubia)were placed in undiluted

efﬂuent for two days to determine if survival or reproductlon were 1mpa1red

TIE-Phase I- WSRC 4MB
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2.0 SAMPLING

1995. The sample was shipped by overnight deliv.ery to ETT Environmental, where the TIE was conducted.

- 3.0 SAMPLE TREATMENTS

The sample was subjected to a series of treatments to attempt to remove toxicity. Each treated sample was

Treatment

Adjustto pH 3
Adjust to pH 10
Aerated at Initial pH

- AeratedatpH3
Acrated at pH 10

_Filtered at Initial pH

Filtered at pH 3
Filtered at pH 10
C-18 SPE at Initial pH
C-18 SPE at pH 3
C-18 SPE at pH 9
Na Thiosulfate Addition
EDTA Chelation
Graduated pH

’ Start Date

* the associated toxicity tests are summarized as Follows:

6122195
6122095
6122195

6/22/95

6122195

6/22/95
6/22/95

16122195

6/22/95
6/22/95
6/22/95
6/22/95
6/22/95

. 6£23/95

" A single grab sample of the Four Mile Branch surface water was collected by WSRC personnel on June 19,

. used in a chronic definitive toxicity test to detenhine the‘effectivéness of the treatment. The treatments-of

Sample D -

TI4177 -1
TI4177 -2
TI4177 -3

. TI4177 -4

TIA177 -5

TI4177-6 -
 TI4177 -7

T14177 -8
TI14177 -9
TI4177 -10
TI4177 -11
TI4177 -12 .
TI4177 -13

A1TFY
Ti4177

Potential Toxicants Refnoved

Insoluble at low pH

Insoluble at high pH-

Volatile; oxidizable '
Volatile, oxidizable at low pH
Volatile, oxidizable at high pH
TSS . o

‘Insoluble at low pH .

metals; insoluble at pH 10
non-polar organics, metals
non-polar organics

non-polar organics, metals )
residual chlorine; some metals
some metals; surfactants
ammonig;. metals; suifide

A baseline test, in which the seep sample was untreated, was set on the 22nd of June. The initial pH of the

Four Mile Branch sample was between 5.5 and 6.0. This value was considered to be near the lower pH

tolerance limit for Ceriodaphnia dubia. Therefox:e the pH of all undiluted test solutions was adjusted

somewhat higher, to pH _6.00, so that toxicity due to pH would not confound the results.

Methodology for the individual treatments is discussed below by treatment.

TIE-Phase [- WSRC 4MB
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T 34 Aeration at pH3

3.1 Adjusiment to pH 3

A 3200 mL aliquot of the sample was adjusted to pH 3.01 with 1 mi; of H,SO,. An 800 mL 'aliquot' of .
dilution water was adjusted to pH 3.02 with H,SO,, to serve as a control. The pH of 200 mL of the pH 3
control was readjusted to 8. 01 with NaOH. The pH of 600'mL of the pH3 sample was read_;usted to 6.03

-with 1 mL of NaOH. This treated sample was used for the toxicity test 1dent1ﬁed pH 3 Ad_]ustment ‘The’
remaining 2400 mL of pH 3 sample was used for additional treatments.

32 Ad_jusfment topH 10

A 3200 mL ahquot of the sample was adJusted to pH 9.95 with 0 7S mL of NaOH An 800 mL alxquot of
dllutlon water was adjusted to pH 9.95 with NaOH, to serve as a control. The pH of 200 mL of the pH 10

" control was readjusted t06.35 with ‘H,SO,. The pH of 600 mL of the pH 10 sample was readjusted to 6 30'
'w1th 0.4 mL of H,SO,. This treated sample was used for the toxicity test 1dent1ﬁed pH 10 AdJustment. The

remammg 2400 mL of the pH 10 sample was used for additional treatments.

3.3 | Aeration at Initial pH

An 800 mL aliquot of the untreated sample was vigorously aerated for a period of one hour with air pumped )
by a diaphragm aerator. Aeration decreased the pH from 5.50 to 3.96. A 200 mL aliquot of dilution water
was also aerated for the same length of time. The pH of the aerated sample was re-adjusted topH 5 98 with -

~ 0.5'mL of NaOH and the pH of the aerated dilution water was re-adjusted to 7.96.

N R H i ’ - ’ ,'; )
.An 800 mL aliquot of sample which had been adjusted to pH 3 was vigorously aerated for a period of one

hour with air pumped by a diaphragm aerator: Aeration increased the pH to 3.46. A 200 mL aliquot of pH
3 adjusted dilution watex? was also aerated for the same length of time.. The pH of the aerated sample was
re-adjusted to pH 6.00 i";vith 0.6 mL of NaOH and the pH of the aerated dilution water was re-adjusted to
7.94.
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35 Aeration at pH 10

A 800 mL aliquot of sample which had been adjusted to pH 10 was vigorously aerated for a penod of one
hour with air pumped froma dlaphragm aerator. Aeration decreased the pH 10 8.76. A 200 mL ahquot of
pH 10 adjusted dilution water was also aerated for the same length of time. The pH of the aerated sample
was re-adjusted to pH 5.95 w1th 0. 75 mL of HZSO4 and the pH of the aerated dilution water was re-adjusted '
to8.1.

3.6 Filtration at Initial pH | .
A 1400 mL aliquot of untreated sample was filtered through a glass fiber "TSS" type filter which had been
pre-ﬁxi‘s_ed with deioni_zed water. Filtration changed the pH slightly, from 5.81 10'6.05. After ﬁitratien the
- pH of 800 mL o_f the ﬁitered'eaznple was kept at 6.05. The remaining 600 mL was set aside for trea&ﬂedt by
aC-18 SPE column' An 800 mL aliquot of dilution water was filtered in the eame manner, to serveasa -
treated control. 100 mL of the filtéred control was readjusted to pH 8.16 after filtration. The remaining

treated control aliquot was set aside for treatment by a C-18 SPE column.

3.7 - Filtration at pH3

A 1400 mL aliquot of sample which had been adjusted te pH 3 was filtered through a glass fiber “TSS" type
filter which had been pre-rinsed with dilute H,SO,. Filtration changed the nH. slightly, to 3.06. After

| ﬁltratien the pH of 800 mL was readjueted to 6.04 with 1.1 mL of NaOH. The remaining 600 mL was set

"aside for treatment by a C-18 SPE column. 'An 800 mL aliquot of dllutlon water was filtered in the same
manner, to serve as a treated control 100 mL of the filtered control was readjusted to pH 7.94 after filtration.

The remaining treated control aliquot. was set aside for treatment by a C-18 SPE ‘column.

i
!

|
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remammg trcated control ahquot was set asnde for treatment by a C-18 SPE column.

: . ' : _ ‘i'Ai' "I:l'

3.8 Filtration at pH 10

A 1400 mL aliquot of saniple which had been adjusted to pH 10 was filtered through a glass fiber "TSS" type
filter which had been pre-rinsed with deionized water. Filtration lowered the pH to 9.31. After ﬁltration'._the
pH of 800 mL was readjusted to 6.28 with 0.6 mL of H,SO,. The rernaining 600 mL was set aside for

treatment byaC-18 SPE column An 800 mL aliquot of dilution water was filtered i in the s same manner, o

serve as a treated control. 100 mL of the filtered control was readjusted to pH 6. 34 aﬁer ﬁlttatlon The

N

3.9 - C-18 SPE Column at Initial pH - | - - -

A 600 mL aliouotb of the ﬁhefed Saxhplc at initial pH was pumped through a Baker 6 mL C-18 SPE column

at a rate of 10 mL per minuté. Positive pressure was provided by a chemical metering pump. The coluhm '
was initially pre—conditioned' with 25 mL of methanol and 25 mL of ultra-pure water. After conditioning a -
150 mL aliquot of dllutlon water was run through the column. The first 50 mL of dxlutton water were not

kept, and the last 100.mL were readjusted to pH 7.85 and used as a treated control for tox1clty testing. Aﬁer

the dilution water the 600-mL aliquot of filtered effluent was run through the same column. The first 300 mL -

were readjusted to pH 5.94 and used for the toxicity test labelled as TI4Y77-9A. The second_ 300 mL were
adjusted to pH'6.05 and used for the toxicity test labelled as TI4177-9B. The second aliquot was run to

determine if the capaci_ty of the column had been exhausted.

310 C-18 SPE Column at pH 3

A 600 mL ahquot of the sample which had been adjusted to pH 3 and filtered was pumped through a Baker
6 mL C-18 SPE column at a rate of 10 mL per minute. Positive pressure was provided by a chemwal
metering pump. The column was initially pre-conditioned with 25 mL of methanol and 25 mL of ultra-pure
water. After conditionihg a 150 mL aliquot of dilution water was run through the column. The first 50 mL
of dflution water were nj‘ot kept, and the last 100 mL were readjusted to pH 8.05 and used as a treated control
for toxicity festing. After the dilution water the 600 mL. aliquot of pH 3 filtered effluent was run through the
same column. The pH after C-18 SPE treatment was 3.13. The ‘ﬁrst 300 mL were readjusted to pH 6.03 and

TIE-Phase I- WSRC 4MB 5 ETT;June 95




—~—d

used for the toxicity test labelled as TI4177-10A. The second 300 mL were adjusted to pH 6.04 and used for

the toxicity test labelled as TI4177 10B. The second ahquot was run to detenmne if the capacity of the

-column had been exhausted.

3.11 C-18 SPE Coluinn at pH 10

A 600 mL aliquot of the.sarﬁple which had been adjusted to pH 10 and filtered was readjusted to pH 9.05

and pumped through a Baker 6 mL C-18 SPE column aﬁ a rate of 10 mL per minute. Positive pressure was

~ provided by a chemical metering pump. The column was initially pre-cbnditioned with 25 mL of methanol .-

and 25 mL of ultra-pure water. After condltlomng a 100 mL ahquot of dilution water was run through the

colufnn. The first-10 mL of dilution ‘water were flot kept, and the last 90 mL were readjusted to pH 8.19 and

~ used as a, treatcd control for toxmty testmg After the dilution water the 600 mL ahquot of pHO filtered

effluent was run through the same column. The pH after C-18 SPE treatment was 7.62. The first 300 mL
were readjusted to pH 6.01 and used for the toxicity test labelled as TI4177-11A. The second 300 mL were

adjusted to pH 6 07 and used for the toxxclty test labelled as TI4177-11B. The second ahquot was run to -
: .determme if the capacxty of the column had been exhausted.

3.12 Oxidant Reduction

A 2.5 g/L stock solution of sodium thibsulfatq was prepared. ‘This stock solution was added to aliquots of ‘

undiluted sample water as follows;

Amt, Sodium Thiosulfate - Amount Sample . Final Concentration

280 uL, | 700mL . LOmgL
1400 L - 700 mL - 5.0mglL
2800 L ~ 700mL 10.0 mg/L

i
1

After addition of the sodium thiosulfate, the test solutions were allowed to sit for two hours. In the same

manner difution water controls were treated with sodium thiosulfate, as follows;

TIE-Phase I- WSRC 4MB : 6 ‘ ETT;June 95
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Amt. Sodium Thiosulfate Amount 20% DMW Fmal Concentratxon

40 uL - 100 mL 1.0 mg/L
200 pL 7 100mL 5.0 mg/L

400pL 100 mL . 10.0mglL

Effluent test solutions were re-adjusted to pH 6.28 + 0.05, and control test solutlons to approxxmately pH
8.04 - -8.14, after addition of sodium thiosulfate. ‘ '

3.13 EDTA Chelation

A 25¢glL stock solution of dlSodlum EDTA was prepared by adding 0.625 g to 250 mL of demmerallzed
water. ThlS stock solutlon was used to prepare aliquots of sample with 0.5, 3.0, and 8 0 mg/L of EDTA.

| These ahquots were used for a chromc def'mltlve tox1c1ty test. Dilution water controls were prepared in the'
same manner. After addmon of the EDTA the solutions were adjusted to the_ initial pH (8.0 for dilution
;;vater; 6.0 for Four Mile Branch). Aliquoté of sample with EDTA added were léft for 2_4 hours pridr to use
in tg,stiﬁg, because equilibration times can be relatively slow for some metals. Immedidtely prior to testing

pH values in treated efﬂuentjax"xd the control were readjusted to the initial measured pH. -

-3.14 Graduated pH Test

An effluent test was to be conducted !at pH-6.0 and [;H 8.5. A 1.5 L aliquot of effluent td be used for the test
. atpH 6.0 was treated by adding 1.2 g/l of MES buffer to stabilizs the pH. After MES addition the ahquot
was adjustéd from pH 4.35 to pH 6.06 with 3 mL of NaOH. A 1.5 L aliquot of effluent to be used for the
 testat pH 8.5 was treated by adding 2.3 g/L of POPSO buffer to stabilize the pH. After POPSO addition the
aliquot was adjusted frdm pH 4.12 to pH 8.56 with 1.5 mL of NaOH. Buffers were also added to controls
to check for buffer toxicity. ‘ |
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' treatment set, where diltution water was s_ubJected to the same treatment as the séep samples.

40 TOXICITY TESTING METHODS

,Chromc (3 brood) survival and reproductxon tox1cnty tests were set thh all treated effluent samples The

baseline test, the pH adjustment tests the aeratxon tests, the ﬂltratron tests, the C-18 SPE treatment tests and
the graduated pH test were set thh dilutions of 40%, 60%, 80% and 100% seep water. Dilutions of 25%,_

0% and 100% were used for each EDTA treatment test, and drlutlons of 25%, 0%, and 100% were used
for each treatment of the sodium. throsulfate addition'test. The test organism was Cerzodaphma dubza. The

-dilution water was 20% drluted mineral water (20% DMW) witha hardness of 70-90 mg/L. Each test dilution "

. was compnsed of five rephcate test orgamsms A treated control (five replrcates) was prepared for each

' Treatment test solutlons were renewed on Day and Day 4 of the test. pH was ‘measured at test nutxatron
:test texmmatxon, and before and after test solutxon renewal, for the control treatments and the 100% dtlutlon '
| treatments T : )
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5.0 RESULTS

Upon arrival the sample was observed to havé a reddish-brown coloration, with a small amount of suspended
detritus. The stream water was acidic when recéived, with a pH of 5.50-6.00. Both the hardness (19.61mg/l,)'
. and alkalinity (4.1 mg/L) were low.- The initial pH of all Four Mile Branch water used for testing was -

assigned as pH 6.00. A summary of the résults is provided below..

. Treatment Datt ~ - SamplelD  Result
. pH 3 Adjustment 6/22/95 TI4177-1 - Toxicity increased
~ pH 10 Adjustment - - 6/22/95 TI4177-2 Toxicity not reduced -
* Aeration at Initial pH - - 6122/95 TI4177-3 Toxicity not reduced
AerationatpH3 6/22/95 . TI4177-4 . Toxicity not reduced
Aeration at pH 10 6122195 - TI4177-$ Toxicity not reduced
Filti‘atEOn at Initial pH 6/_‘22/93 - 'TI4177-6 . Toxicity removed
Filtration at pH'3 . 6/22/95 TI14177-7 Toxicity reduced -
Filtration at pH 10 - 6/22/95 TI4177-8  Toxicity reduced
'C-18 SPE at Initial pH - - 6/22/95 TI4177-9  Toxiciy removed
"C-18SPEatpH3 = . 62295 ~ - TIAL77-10 . Toxicity not reduced -
C-18SPEatpH9 6/22/95 - TI4177-11 Toxicity reduced
Na Thiosulfate Addition 622195 =~ TIA177-12° e
 1omg/L - - 62295 - ' Toxicity reduced -
50 mg/L - . 6/22095" .- Toxicity not reduced
* 10.0 mg/L 62295 o ; Toxicity not reduced
“EDTA Chelation - 6/23/95 . TIA1T7-13 -
1.0 mg/L N 6/23/195 . ' Toxicity not reduced ’
5.0 mg/L C 623795 . : Toxicity reduced -
10.0 mg/L- 6/23/95 . “Toxicity removed’ : _
Graduated pH 6/23/95 TI4177 Toxicity remains at pH 6, 8.5

Treatments which were effective in removing or reducing toxicity included filtration, C- 18 SPE, éodium '

thiosulfate addition at 1.0 mg/L, and EDTA addition at 5 mg/L and greater. Filtration was most effective at

the initial pH. The C-18 SPE treatment afforded no additional reduction in toxicity beyond the reduction’

produced by filtration.
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5.1  Baseline Test (Table 1)

The baseline test indicated that the untreated Four Mile Branch Water was chronically toxic to Ceriodaphnia
dubia (Table 1). Chronic toxicity was present in'the both the 100% and 80% dilutions. Mean reproduction
in the 20% DMW control water was-18.2 young per female. This increased to 20.8 young per female in the

60% dilution and decreased to 12.4 young per femalé in the 80% dilution, and 1.6 ydung'per female in -

undlluted ( 100%) sample. It was noted that aﬂer renewal of the test solutzon on Day l the pH of the 100% o

effluent treatment decreased gradually to 532 This low pH hkely contributed to the reduction in o

reproduction. Reproductlon in the 100% efﬂuent dllunon was not only reduced but also delayccl with f' rst-

broods not being released until Day 6

-~

52 pH 3 Adj ustment Test (Table2) .

ThepH3 edjt]snnent test showed that acidifyiﬁg the eample topH3 and retuming_the sémpie to the initi_a!
pH did not reduce sample toxicity '(Taﬁle 2). It 'was noted that a yellow-brown precipitate (ﬂbc) formed
during the treatment, although the toxicity was not:affecte'd Undiluted treated effluent was acutely toxic, and
it appears that the treatment may have enhanced toxu:lty Survwmg test orgamsms in undiluted treated -

efﬂuent were smaller in sxze than those in other test concentratlons
53 ‘pH 10 Adjustment Test (Table2) -

The pH 10 adjustment test showed that modifying the sample to pH 10 and returning the sample to the initial -
* pH did not substantially reduce sample toxicity (Table -2). The mean reproduction of. the treated control
(4.6) was poor. Surviving test. organisms. in undiluted treated effluent were smaller in size than those in

~ other test concentrations. Treated effluent exhibited a darker yellotvv color than untreated effluent.
5.4 Aeration Treatment Tests (Tables 3,4)

Aeration of the sample at the initial pH, at pH 3, and at pH 10 was not effective at removing sample toxicity
(Tables 3 & 4). Surviving test .organisms in undiluted treated (aerated at initial pH) effluent were smaller
in size than those in other test concentrations. Aeration of the sample at pH 3, followed by readjustment to

the initial pH, resulted in a yellow-brown p_recipitate, as noted in the pH 3 adjusted treatment. Controls
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aerated at the initial pH and pH 10 reproduced adet;uately. However, the control aerated at pH 3 reproduced -

poorly, with a mean of 5.2 young per female.
5.5 Filtration Treatment Tests (Tables 3,5) -

) Filtration of the sample at the initial pH, pH 3, and pH 10 Wete all effective at removing or reducing.samiple
toxicity. Filtration at the initial pH was the most effective, and removed all sample _toxtcity..Controls filtered
at the initial pH demonstrated excellent reptodU'ctio_n. The'cqnt‘rols filtered at pH 3 and pH 10 reproduced
poorly during the test. | | ' | | »
56  C-18 SPE Column Treatment Tests (Tables 6 & 7)

Trce_étment of the/sample with filtration and a _C{IS SPE cplumn"‘at the initial pH was effet_:tive at rerhoviﬁg_ '
sample toxicity (Tables 6 & 7). Itis apparent, however, that tf;xicity was tembve‘d by filtration prior to .
f‘tr‘eatment with the C-18 SPE column. The C-18 SPE column provided no additional treatment. Similariy,
treatment of the sample with filtration and a c-18 SPE column at pH 10 reduced sample toxicity but did not
completely removed. - Again, toxicity was likely removed by fi ltratlon ‘prior to treatment w1th the C—18 SPE -

- column. The C-18 SPE column prov:ded no additional treatment. Trcatment of the sample with filtration and

a C-18 SPE column at pH 3 was not effective at removing sample tox1c1ty In fact, the column seems to have -

added toxicity..Our experience shows that it is not unusual for C-18 SPE columns to 1mpa|1 chronic tox:cxty'

- when used at fow pH values. This is confirmed by the control _treated by the C-18 SPE column at pH 3.

- 5.7 Sodium Thiosulfate Addition Test (Table 8)

- Treated control data indicated no chronic toxicity was imbartéd by addition of either 1, 5, or 10 mg/L of
sodium thiosulfate. Addition of 1 mg/L of sodium thiosulfate slightly increased mean reproduction above

the baseline level. Addition of 5 mg/L of sodium thiosulfate did not reduce chronic toxicity. Addition 6f 10 .

mg/L of sodium thiosulfate was acutely toxic to the test organisms.
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5.8 EDTA Chelation (Table 9)

Reduction in chronic toxicity be_éame increasingly effective with increasing amounts of EDTA. Addition

of 8 g/LL to. 100% Four Mile Branch stream water resulted in reproduction similar to that in the baseliuc;t:est -
control. It is possible thatgreater amounts of EDTA may have enhanced reproduétion in'Four Mile Branch ‘
water to an even greater degrcc 3.0 g/ of EDTA increased reproduction shghtly, and 0.5 mg/L did not
improve reproductlon above the baselme level. Greater than 0.5 mg/L of EDTA in control dzlutlon water was‘.

- ct_zromcally toxic.

- 59 ,Graduated pH Test

Four Mile Branch v"/atér’_was ac'utely',an&» chronically toxic at 100% concentration bbirhr at bH 6'.(_)'and pH 8.5
(Table 10). Thus both tests showed greater toxicity than the baseline test. It would appear that the toxicant
is less toxic jat a neutral pH than at either pH 6.0 or at pH 8.5. Use of buffers appeared to contribute some

chronic toxicity (as evide_nced'_ by the treated controls), particularly the POPSO buffer.’
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6.0 DISCUSSION

The results presented above show that filtration and EDTA chelatlon were effecttve at removmg or reducmg-
toxicity. Addition of | mg/L of sodium thlosulfate also mitigated toxncnty to a' minor degree Aeration and
pH adjustment did not reduce foxicity, and treatment with a C-18 SPE column provided no additional
treatmen't beyond the effect of filtration. This ;Sattem of treatment effectiveness-is tqnsiSfent with cationic
metals as a likely class of toxicants. Due to the effectiveness of filtration, it appears tfia(t' fhe cationic metals
may be bound to filterable suspended solids. The precipftate observed when Four Mile Branch water was ‘
adjusted to pH 3 was notable. Metal hydroxide precipitates are normal ly associated with alkaline pH values.

. The prec:p:tate may have been humic acid, which by definition is the fraction of humic substances whlch'
is soluble in alkaline solutlon but is precxpxtated by aexdlf'catlon -

. ‘. - . . N ,
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7.0 RECOMMENDATIONS

It is recommended that a TIE Phase Il be conducted in order to identify and confirm the cationic metal
" causing the chronic toxicity in the Four Mile Branch surface water. This would be preceded by zmalysesi of

metals in the creek water, to determine which metals may be present at potentially toxic levels. -

/ '
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l ' b " Tablel |
_ , F our Mile Branch Chroenic TIE Test Results
1 . ' o ~° Baseline Test
Westmghouse Savannah R1ver Company
;- o S - June 1995 ;
_ Baseline Reproduction by Test Dilution '
! " |Test - lcomrol | eo%|  sow] 100%) - B
‘ Replicate A ) 1 24  Reproduction Data
: Replicate B - o7l 23] 13 2 » : Baseline Test
Replicate C A 19] ] RS T] I :
: ReplicsteD |- - 18] - 20 201 - 3l %
Réplicatc E 19 21 2 0 -giﬁ'-
' Mcan Brood 1 281 . 38 24fL . 16 210
! MeanBrood2. § -~ ~ 661 78] 40 004 - § 51
: McanBrood3 - - 9.2 ' 9.2 60! 0.0} = ol
Memn 1 186 20.8 1241 16 o
 Istd. Dev._ L.14] _ 1.92] __ 6.50 114 . :
Coeff. of Var. |, 6%] . 9%]  52%] . 71%)| [MMeanBrood 1 MIMean Brood 2E8Mean Brood 3
- Mean pH (old) ~ R 5.40 : S '
Mean pH (new) 8.4 : a )
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Table 2 _
Four Mile Branch Chronic TIE Test Results
pH 3 and pH 10 Adjustment Tests -
Westinghouse Savannah River Company

.- , B June 1995
| : ’
|Adjusted to Reproduction by Test Dilution __|l. ' o K -
pH 3 " {Control . 60%|  80%| . 100% pH 3 Adjustment
[Replicate A 19 20 6] o o _ _
Replicate B ' 19 16 12} 6l - R
Replicate C - 18 21 19] - 6} ,_gzo‘ '
ReplicateD . 20 16| 'ol L .
Replicatc E - _ S b e 18 o)l &7
MeanBrood 1 - 331 34| 30], T04) 10
MemBrood2 L 73] . 50| 62| '2.0{ $sl
IMeanBrooas -} 801 861 701 o0} ="
N 18.7]  18.6] . 162 2.4| 04
|5 Dev. — | 0.58] 241] 268|329
l -~ Jcocftofvar. - 4 3%{  13%| 17%| 137%
- Mean pH (old) ) ’ ; ) C 6.62 )
g Mean pH (rew) - . - sorfl__
Adjusted to  {-_ Reproduction by Test Dilution_ ” : T '
IpH10 - Control 60%| . 80%| 100%}|- pH 10 Adjustment
Replicate A .~ -+ ] - 3 16]. 20 9. a5 _ -
Roplicatc B . 7. - 15 . 15| 8ff _~ _ .
ReplicateC___ s| 16 17 4]l 20 f— '
" JReplicateD - - |- 5] - 6] . 18] - 0 -3 45 |
Roplicatc E B ' 4l &
Mean Brood 1_- 33 33 301 2.0} x10;
MomBrood2 Y. 73| 65| 55|  26) § s -
Mocan Brood 3 80l - 60] - 90 04l = |} Rt ol
Mean 461 158 17.5 50 O ool T 60% 80%  100%
] Sid. Dev. . 0.58t.  7.06] . 803} ..3.61§ - ‘Effluent Concentration :
‘J . fd‘:": :;‘::;;) i 3% 4% 46% : g/;_ [mBaseline ®2pH 10 Adjustment |
Mean pH (new) ) . 5.97
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Table 3 ,

Four Mile Branch Chronic TIE Test Results
Aeration and Filtration at Imitial pH Tests
‘Westinghouse Savannah River Company

June 1995
. .

Aerated at Reproduction by Test Dilution U . '
Initial pH _ |Control |  60%| 80%| " 100%]|| . Aeration at Initial pH
Replicate A 17 16 19] 10 25 — ' -
Replicate B 8 19 a8l ul .
Replicate G -~ ¢ 17 21 19 12 £2
Replicate D 17) - - 22 17 ol‘ 315l

" |Replicatc B 27 21 of &
Mecan Brood 1. 25). 34 32 , laj o104
Mzan Brood 2 .50 6.8 6.6 - 2.6 b '8 ‘5 |

 |MeanBrocds 73] 108 90| 28} = R e B E .
Mean ‘ 14.8] . 21.0]. 18.8]. . 66} O - MREE_, BESRL | NG SCRRSR

— ooH Control -80% - 100%

sape | 40] 406 L4 607 e Goncer boion
CosfiofVar. - | - 31%| 19% 8%|  92% —
Meaa pH (old)_ N 1. s1s [isase““e“"e'a“?"!
Mean pH (new) 6.00 e e

" {Filtration at | ‘Reprodiction by Test Dilution - 4 ) . - L L _
Initial pH - |Control | 60%] . 80%] 100% Filtration at Initial pH
ReplicatcA ) 16 5] 20 14 o5 . - .
Replicate B 19 21 2] asit L
Replicatc C - 17 18] 16 14l £2
Replicate D 191 - 200 18 17l 3
Replicate E 18 12 ol &

 IMeanBrood 1 3 34 3.0 48} €10
Mean Brood 2 as] ~ 581 62l 52|l § 4|
Mcan Brood 3 9.5 92| 64 sgff = ¢ }
Mesn 1781 1841 156 1538 - Q - - :
St D “is0]  230] 3.8 217]| ot Concoion
Cocff. of Vac. C31%|  13%|  23% 0% S— A
Meaa pH (old) — o [ Baseline B Filtration |
Mean pH (new) 604

|
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Table 4

- Four Mﬂe Branch Chronic TIE Test Results
Aeration at pH 3 and pH 10 Tests
Westmghouse Savannah River Company

June 1995
Aerated at Reproduction by Test Dilution : . S
pH 3 Control 60%]  80%| 100% Aeration at pH 3
 Replicate A 11 -12 7 25 :
ReplicateB - 1 12 ud I 1 B c
Replicate €______ of 121 2 27
Replicate D 0l 14 5 3 15
Replicaic E 5{ 13 1 3
MecanBrood 1 1.8 2.2 1.8 e 10
Mean Brood 2 1.8 3.8 24 S 5|
Mecan Brood 3 2.0 5.0 1.0 =1 g o ||
- Mes 561 110 52 01 : |
Sid Dov. ST 400] 402 ortro! Emﬁ@mﬂw 00% -
Cocff. of Var. 103%]  36%|  771% .
Mown oE1 (o) A | BN Baseline ﬂAerahonatpH3|
- {Méan pH (riew) :
- [Aeration at . Reproduction by Test Dilution_ if N
|pH 10 IControl | 60%| * 80%| 100%]| Aeration at pH 10
JReplicate & 7. 16l 17 21 s ' *
Replicatc B. 17 18 i8] o) _T
Replioate C Bl 16| 14| 10 i £2
Replicate D 19| - 19 17 V] -
Replicatc E 15 14 9 l 5
Mean Brood L 356 36l 32l £10]
Mean Brood 2 60| 58 50 300 § ¢
MeanBrood3 83| 74 7.4 4] = 1 -
Mean . | 18] 168| 160 66l o A '
Std Dov._ Lis| 164|187 527 Conlrol e Conottion | 0°
Cooff. of Var. . 6% 10% 12% 80%\l -
Mean pH (old) . - 5t (= Basefine W Aeration at pH 10]
Mean pH (new) 6%“
i
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! _ Table 5 A
Four Mile Branch Chronic TIE Test Results
| Filtration at pH 3 and pH 10 Tests
; Westinghouse Savannah River Company
- June 1995
- | _
| . |Filtered at Reproduction by Test Dilution ; . o
: ‘ Control | . 60%]  80%] 100% Filtration at pH 3
4 20 _19] 14 25 : ; '
3] 18 16 15t o
4l 17 16 oll S22
ol - 17l 17| 10}l g4
) I afl g1
36] 38| _42f 36} 10
1ol 58] - SRl 36l §
“20] 78 701 - 34] =
“ 661 1741 . 171 106 0 - . S
6.95]. 1.82] 141|434 . Control EfﬂGO%I Con Bo% . 1o0%
,  JCocfE. of Var. 105%| -~ 10% 8% 41%} . — N -
- Mean pH {o1d) ) ) T 5o}l [ mBaseline, BFilration atpH3] - -
Mean pH (new) 6.07 NES—
. - - ¥ ]
B T - |
“{Filtered at Reproduction by Test Dilution ) e T |
pH 10 Conirol | 60%| ~_ 80%] 100% Filtration at pH 10
Replicate A 5 6] . 17 9 25— -' —_—
Replioste B ) T R R E] |
Replioate C 4] 171 - 16 12f £
Replioato D 0 3] 17 8l B451
Replicsto E .2 17— 2l &
IMean Brood | L2 36l 40 34 %10_-
{Mean Brood 2 14] 54| . 48 381§ 5|
Mean Brood 3 0 6.8 7.5 36} = ]
Moan 26| 158] 163{. 108 0 T 60% ppv
Std. Dev. T 595]  1.64) 731 2.17|| o 80%
Coof. of Var, 105%]  10%]  45%| 0% Effluent Concentration - .
Mecan pH (old) ' 5.94)| | Baseline B3 Fitration at pH 10}
Mean pH (new) 607 . :
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- Table 6

Four Mile Branch Chronic TIE Test Results
Filtration / C-18 SPE at pH 3 and Initial pH
Westinghouse Savannah River Company

June 1995
Filtered/C-18 SPE Reproduction by Test Dilution - ' : _ ST
at Initial pH Control | 60%]  80%) - 100%]|. C-18 SPE at Initial pH
Replicato A 9] - 17 “201 15l o
Replicate B 1 19 15 i B
Replicate C 11} .- 22 21 13 %20
‘{Replicate D 6] 16 - 15 21% .§ ’
Replicate E~ 5 1 2L 11} ‘5,15"
MeanBrood1 24 381 30 38l &10
Mecan Brood 2 40f 58 5.61 5.2 § 5
Mean Brood 3 1.2/ 9.0} 9.8 sS4l = . ,
" |Mean 76| 185] 184] 144]}  O° 50% T 400%
Std. Dev. 241| 265]  3.13] 3,97 7 Effluent Concentraion. -
Cocff, of Var. 32%)- 14%}- 17%}- 28% lBaséﬁne B Filtered/C-18 SPE]
MeanpH (old) ' . 6.75 E@Fitered - - .
Mean pH (new) 6.04
. |Filtered/ C-18 SPE Reproduction by. Test Dilution . S
lat pH 3 Control | 60%]  80%] 100%}} ‘C-18 SPEatpH 3
Replicate A 0 11 12 - 211 ‘ .
Replicatc B 0 3 0 4l > '
{Replicate C 3] 15 .0 off 220
Replicate D 0 24 . 5 6 § 15 b
Replicate E 1 . 4 -12 7 E_ .
Mean Brood 1 0.8 341 = 34 22| <107
Mean Brood 2 0] 38 2.4 16} §sl
.~ |Mean Brood o] 42 0.0 00} = | B m S i
Mean 08| 114] 58] 38 O T Contol  60% . 80% | 100%
Std. Dev. 1.30] 8.62 6.02] 286 Effluent Concentration
Cocff. of Var. 163%] -76%] 104%] - 75% i Baseline EAFilt/C-18 SPE-pH 3
Mean pH (old) 5.77 B Fitered - pH 3 . : ’
Mean pH (new) 6.00 )
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- ~ Table 7
Four Mile Branch Chronic TIE Test Results
- Filtration / C-18 SPE at pH 9
Westinghouse Savannah River Company
' ‘June 1995

Filtered/C-18 SPE | Reproduction by Test Dilution .}| . g T .
|at Initial pH Control [ 60%] - 80%] 100% ' e | .
|Replicate s 17019 23 9 9.188PE. atpH9
Replicate B 17 7). 20) 12]] 25 -
Replicste C __ 16 19 9l 10} S0
- [ReplicateD. 2] 15| 1o 16 315
Replicatec E - . { - 18] 23 12 o}l &
MemBroodl |~ 34| 36| 34| 38} «10
Medn Brood 2 - 64 .60 68f - 58] 8 st
MeaBrood3 80 90l 46| 38| T, E&E- v
Mean - -' 17.8]  186] 148] 134 Control - 60% . 80%  100%
A N K7 X 7 N0 N X 71 | F— E‘“"e"?c‘:fmf“j'z_'::spé s
Coeff. of Var. -~ - 11%|  16%| 43%| 30%l| Baseline .. . i
Mean pH (old) EE ' 147 -m'?t-b"-"‘-PH"A ~ S
Mean pH (new) - , ~ 6.0} ' ' -
h
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, Table 8
Four Mile Branch Chronic TIE Test Results .
- Sodium Thiosulfate Addition Test
Westinghouse Savannah River Company
’ June 1995,
Sodium Reproduction at 50% Dilution. ] ' _ ]
Thiosulfate ‘ S0%Efuent | S0%EMuert | 50%Efuent I‘ o ‘
Addition - 2% DMW viiimgl | wihsmgl | witiiomgL - . : o
' Dilufion Water | NaThiomifte | NaThioalfte | NaThomdfate _ Sodium Thiosulfate Addition
Replicate A 20 23 17 22| s -
Replicate B i7) . 23 21} 12 Sa0
|Replicate C 19 24y 31 24 B
 {ReplioateD _ 18] 24 18] 20]l B15]
Replicate E___ ) 26]  *4| - 221" &1 |
Mean Brood 1 — 28] 20| 33 46l g,
Mean Brood 2 6.6] .76 3.2 . 724 =.
Mean Brood 3 9% 124 60} = 84 Q +
Mean 1861 - 24| - 12.6 2028 -
Std. Dev. - 1.14 o L22) 844 . 492
CoefE. of Var. 6% . 5% 67T% - 28%
Mean pH (old) . C ' 6.63
[Mesa pH (new) 607
Sodtum Reproduction at 100% Dilution_____||.
Thiosulfate | 1005 Emuent | 100%Eftient | 100%ESk | 100% Efuent '
Addition ° it | - with1mgr withSmgt, | withiompr i . S
- T Na THonifate Na Thionifate N‘m Nl’ﬂlonime : ) SOdlum TthSUlfate Addltlon
Replicate A 2 10 0 0 20 i M -
_ [Replicate B 2 6 6] o4l 5 ’
Replicate C - 1 8 3 _Off 8%
Replicate D 3 12| 1 0 g.m
Replicaic E 0 11 3 o] &
Mean Brood 1 1.6 26f. - 18 00} & 5
Mcan Brood 2 ¢ 221 - 08f . 00l = .
Mean Brood 3 0 4.2 e 0.0 . 0.0 0,' m g s 10 mgL
Mean- 1.6] . 9.4 2.6 0.0} Amt. of Sodum Thiosuffate
Std. Dev. 1.14 241 2.30] __ 0.00
Cooff. of Var. 71% 26% 89% N/A _
Mean pH (old) 6.57 6.95 ' .
Mean pH (new) 6.05] : . 6.05
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- Table 9
Four Mile Branch Chronic TIE Test Results
EDTA Chelation Addition Test
Westinghouse Savannah River Company
- , June 1995 - .
EDTA Reproduction at 50% Dilution - : S
Chelation - | Untrested | ‘sowEfuent | So%Efuent | 50% Effuent ; .
T sreonew | witosngt | witiomgt | withémat } EDTA Chelation
. Dilution Water | diSodium EDTA | diSodium EDTA { diSodiven EDTA - 50% Effluent Dilution
Replicatc A |- 20} . 21y = 17 20 25 - :
Replicatc B 17 14 24 - 16 .
Replicats C 19 19 23 25|| S§20+
Replicate D 18] 200 20 24]| &
 [ReplicatcE | 9] - 21 IS 25 »’gjs--
" {MeanBrood1 28] = 38 40f - 34 &0l
MemBrood2 | 66 52 65 70}l €
MemBrood3 | 92| - 100] 105 -~ 116]| £ 's5]
Mean E '18.6 19.0 - 21 22H i
_ Std. Dev.” - - 114} . 2.92 3.16 -3.94 0 0 DMW ENwW.SmiL EMw3Imgl = EN.w8mgl
Cooff of Var. | . 6%  15%| _ 15% 18%]| © Amt of diSodium EDTA- -
* |Mean pH (old) . - ) : e -
Mean pH (new)
EDTA : Reproduction at 100% Dilution )
Chelation 100% Effuere | 100% Effivere | 100% Effioint | 100% Effiyert R .
" b witow | withosmgL | witdmgr | withgmgL h EDTA Chel,.atlon.
ESofum EDTA. | &5ctiom EDTA | &Sodium EDTA. | isodium EDTA "+ 100% Effluent Dilution
Replicatc A 2 5 10 16 0
Replicate B . 2 1 : 6 - 15
Replicate C 1 -5 1 - 4l §..1
) |ReplicateD - 3 5 7 13 S
Replicate E 0 8 ul| 2 ‘0
Mean Brood 1 1.6 1.4 3.2 2.2 &
MeanBrood2 | 0.0 1.8 a4 52| g .
Mecan Brood3 | 0.0 00]" 0.8]- 70]| 2 51
Mean 16 40 8.4 14.4 1
Std. Dev. 1.14 2.00 2.07 1.14 0 osmol " 3mgL T amot
Coeff. of Var. - 1% 50% 25% 8% ) Amt. of diSodium EDTA
MeanpH (old) ] . 6.65 6.73 6.82
Mean pH (new) 6.03 5.99 5.96 6.04
i
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: Table 10
Four Mile Branch Chronic TIE Test Results
Graduated pH Test v
' : : Westinghouse Savannah River Company
- , o ‘ June 1995 '
‘Cumulative % Mortality .
40% Effuent 60% Effvent. | -80%Efluent | 100% Efffvent o . : -
o ' - Graduated pH Test
. pH6.0 j i j " : '
CPERD | s | A el ] A pH 6.0 Adjustment
topH 6.0 topli 60 to pH 6.0 to pH 6.0 S ) .
Day 1 (rencwal) 0% 0% 0% 0% . 100%
Day2 0% | 0% 0% 0% || , %
Day 3 (rencwal) 0% ° 20% 0% 40% "§ 60%
Day4 _ 0% 20% - 20% 80% - 2 %
Days I 0% | 20% 20% 80% I R |
Dayé .. . 0% . 20% 20%° | 80% o I ] Bl
DayT ~ ) 0% 20% 20% 80% % Ony Vrorwady Oey3ooened - Bad
MeampH©ld | - 61| 66 I3 || = . CifuentConcenraion
Meaa pH (new) 601|604 603] 6.03 B 40% Effuent BRG0% Effiuent
L : - ) 3 80% Effluent [3100% Effluent
Cumulative % Mortality _— Graduated pH Test
) . 40% Effivert . 60% Efffuent B0% Efffuent 100% Efffuent PH 85 Adjustment
pHS.S . Adjusted Adjosted Adjosted Adjusted " oo% —— :
= . . @ g ES WSS WpHSES wpHES : .
' Day 1 (renewal) 0% | 0% .| 0% 0% 2%
Day 2 : 0% 0% 0% 0% {g' 60%
Day, 3 (roncwal) 0% -1 0% . 20% . 0% = 40% : -
Day4 0% 0% 20% 60% # o%
Days 0% 0% 40% 100% e ¥ ‘
Day 6 0% 0% 40% 106% s Effiuent Goncentration
Day? _ 0% __1 0% 40% 100% ™ 40% Effluent B160% Effuent
Mean pH (old) 8.41 8.39 8.47 837 ’ " le80% Effuent [1100% Effluent].
Mean pH (new) 8.43 8§47 8.47 - ] -

TIE-Phase [- WSRC 4MB 25 v ETT;June 95

sx
H
H




e iconmental ne. o ' o (864) 877-6942 - FAX (864) 877-6938
P.O. Box 16414, Greenville, SC 20606 - . ' -4 Craftsman Cout, Greer, SC 29650

ACUTE TOXICITY IDENTIFICATION EVALUATION
~ PHASEII -

Client: Westinghouse Savannah River Company
Sample ID: Four Mile Branch

July 1995




1.0 INTRODUCTION

A Chronic Toxicity Identification Evaluation (TIE) Phase I was conducted in June 1995_ using Four Mile
Branch Water from the Savannah Rivef Site. Phase I testing indicated that cationic metals (particularly iron)
were the probable toxicants. This conclusion was reached in considetafion of the eﬁ"é_ctiveness of EDTA
chelaﬁdn and filtration in removing toxicity from the seep water as well as the orange—briown color. Cationic

metal toxicity was thought to-be enhanced by the low hardness and alkalinity of the effluent.

The current phase of the toxicity identification evaluation was conducted with the objective of identifying and
confirming iron as the pr1mary toxicant in the effluent,

.
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2.0 SAMPLING

A grab sample of the effluent was collected by Westinghouse Savannah Rivér Company personnel on July 25,
1995. The sample was shipped by overnight delivery to ETT Environmental, where the TIE was c-,onduc_ted.

3.0 DESIGN OF IDENTIFICATION AND CONFIRMATION TESTS

3.1 Sample Preparation

- The first objective of this phase of testing was to r‘emdve the toxicant (thought to be iron) to produce a non-

toxic sample, and then to spike the toxicant back into the solution in order reproduce the initial toxicity.

The non-toxxc sample was prepared by treating 2 liters of Four Mlle Branch water by filtration at pH 9, pH
was adjusted by addmg NaOH dropwise until the pH was raised to 9.00 + 0.05. Gelman 0.45 micron
membrane filters weré used to filter the pH adjusted sample. An aliquot of the pH adjusted and filtered sample
‘was tested for chronic toxicity to confirm that toxicity had been removed. The remainder of the pH adjusted
and filtered sample was adjusted back to the initial pH and spiked with iron. Iron was spiked at concentrations
of 1.0, 2.0, 4.0, and. 6.2 mg/L. This range was chosen S0 as to start at the measured concentration of ironv
(6.2 mg/L) andA deteﬁnine the level at which iron would exhibit no btoxicity. Iron was spiked from an acidic

solution of 1000 ppm iron standard (iron nitrate).

3.2 Toxicity Testing

Three chronic definitive toxicity tests were set; 1) a baseline test of untreated effluent to confirm the presence
of toxicity, 2) a test of pH adjusted / filtered effluent to confirm that the treatment removed toxicity, and 3)
a test with a serieé of different spiked concentrations of iron. Seven day /3 brood definitive survival and
reproduction toxicity teéts were set with all treated samples. The test organism species was Ceriodaphnia

dubia. Each test was set with five replicate test organisms at each dilution.

TIE-Phase [I- WSRC FMB ) ETT Environmental, Inc.;7/95




4.0 Results
4.1 Baseline Test

The mean reproduction of test organisms in the dilution water control (20% DMW) was 19;6 young pér female
(Table 1). Higher reproduction (23.2 young per female) was notgd at the 60% sample concentration. At the
80% sample concentration reproduction was eSsentially the same as in the dilution water control . However,
at 100% (undilutéd) sample concentration chronic toxicity was nbted, with reproduction reduced to a mean

of 12.6 neonates per female. No acute toxicity was noted.

4.2 Four Mile Branch Adjusted to pH 9.0 and Filtered

_Treatment of the Four Mile Branch _samﬁle by filtration at pH 9 removed chronic toxicity, improving
_ reproduction in 100% concentration from a mean of 12.6 neonates to a mean of 19.4. This confirmed the
effectiveness of filtration in removing toxicity. )

4.3 PH Adusted / Filtered Four Mile Branch Sample Spiked with Iron

Iron spiked at 1 - 2 mg/L into Four Mile Branch water was not acutely or chronically toxic. However, iron

spiked at 4 - 6.2 mg/L resulted in acute toxicity in the sample.
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5.0  DISCUSSION

Phase I of the TIE for Four Mil"e Bmﬁch water indicated that metdlé Were the most likely toxicants present, and
iron was detected at levels high enough to cause toxicity. In this second phase of the TIE the results Suppdrt
the identification of iron as the toxicant of concern. When iron was spiked into non-toxic sample at ievels
measured in Four Mile Branch water (6.2 mg/L), toxicity was noted. Toxicity in spiked sample was in fact
greater than the original amount.of toxicity. Thig may be attributed to the inability to exactly reproduce the

proportions of particulate vs. dissolved metal in the spiked sample.
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Table 1

Four Mlle Branch Chronic Phase II TIE Test Results

Cationic Metals: Fe Spiked Treatment Tests

Westinghouse Savannah River Company
July - August 1995

Dilution Water, Reproduction by Test Dilution Four Mile Br. Reproduction by Test Dilution
(0% DMW) Day3 {Day4 IDays |Dayé {Day7 [Total Untreated fcouat 60%! 80%] 100%
Replicate A 01, 4 0 6 10 20 ] |Replicate A 25 25 23 17} .
Replicate B 0 4 0 5 12 21{ IReplicate B 17 24 16 7
Replicate C 0 3 0 5 9 17 |Replicate C 23 24 21 14
Replicate D 0 3 Of 8 10 21 ] IReplicate D 18 21, 19 14
Replicate E 0 0 3 8 10 21 } |Replicate E 15 22 18 11
Mecan ) 0.0 281 06| 64) 102] 20.0]{Mean 19.6 23.21 19.4]| 126
Mean pH (old) _ 8.09| {Mean pH (0ld) 8.09 751
Mean pH (new) 8.01 | {Mean pH (new) 8.01 724
Four Ivﬁle Br. Reproduction by Test Dilution Four Mile Br. Reproduction by Test Dilution
pH 9 Filtered i - " pH 9 Filtered Amount of Fe Spiked
20%DMW | 100% Fe Spiked Unspiked - L0 2.0 4.0} 6.2] -
Replicate A 20 - 201 {Replicate A 18 23 17 0 0
Replicate B 21 18] IReplicate B 181 18 18 0 0]
Replicate C 17 21| {Replicate C 18 19 23 0 -0
Replicate D 21 191 [Replicate D 19 21 11 0 0
Replicate E 21 19§ |Replicate E 15 17 18 0 0
Mean 20.0 19.4§ |Mean- - 17.6 19.6] 174 0.0] 0.0}
Mean pH (old) Mortality 0% 0%) - 0%| 100%| 100%
Mean pH (new) Mean pH (old) 763| 736} 701) 741
Mean pH (new) ~ 6.53 6.60 6.38 6.44

20

Mean Reproduction

Mean Reproduction by Treatment

Four Mile Branch

20% DMW

FMB - pH 9 Filt.

1mg/L Fe

FMB - Untreated

4 mg/L Fe
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