APPENDIX B,
Analytical Methods
Sampled Volumes, Containers, and Preservation Techniques

Quality Assurance, Quality Control Objectives




CONTENTS OF APPENDIX B

Tables Page

B-1 Summary of Methods and Accuracy, Precision, and
Detection-Limit Objectives. ... viivvttervnrsensssrssasss Bu2
B-2 Sampling Constituents, Volumes Required, Containers,
Preservation Techniques, and Holding Times.........¢..0s B4
B-3 Summary of Internal Quality Control Requirements for
Laboratory and Field Analys@s......ccovvivrnvrnesvansses B=5

REFERENCBS-OC0.00Q.'Q"oooloottlloQtiouto'ioQot'.oilQJUQCCAIIOQOiB-‘ll

B~1



Table B-1, Oumsary of Methods and Accuracy, Precision, and Detection-Limit
Objectiven
Accuracy, Precision, Detection
parameter Method % Bias R8D* Limits
Anions
Alkalinity EPA 310.1 28 s 10 mg/L
HCO,*, €O,%" 8M 406C NAP NAP Nab
Br=, C1° 8M 429, modified 10 10 0.% mg/L
| EPA 340.2 ) 5 0.2 mg/L
8M 429, modified
g2~ EPA 376.1 NAP NAP 1 mg/L
80,2 EPA 375.4 or EPA 375.2 s 10 S mg/L
Cyanides
CN™ EPA 335,2 or EPA 335.3 18 1% 20 ug/L
SCN" 8M 412L 13 10 0.5 mg/L
Nitrogen
Free NH,~N EPA 351.2, modified 5 10 0.2 mg/L
Total Kjeldahl NH,-N EPA 351.2 s 10 0.5 mg/L
NO,/NO,=N EPA 333,2 or 10 15 0.03 mg/L
Alpkem A303 8170 02
Oorganics
Phenol EPA 420.2 10 10 20 ug/L
Volatiles CLP modified 40 25 Sample and analyte
dependent
semivolatiles® TCLP modified 40 25 Sample and analyte
dependent,
typically 10 ug/L
Other
cop EPA 410.4 using NAP NAP 50 mg/L
Hach system program 43
Conductivity EPA 120.1 5 10
Eh USGS (1976) NAP NAP
pH EPA 150.2 1 5



Table B-1. Summary of Methods and Accuracy, Precision, and Detectlion-Limit
Objectives (ocontinued)

Accuracy, Precision, Detection
Parsmeter Method % Bias R8D* Limite
Temperature 8M 212 NAP NAP
TOC 8M 503 18 18 10 mg/L

(combustion, coulometric
titration)

D8 EPA 160.1 NAP NA® 10 mg/L
188 EPA 160.2 NAP NAP
Trace Elements
As EPA 260.2 20 20 S ug/L
Se EPA 270.2 20 20 S ug/L
Hg EPA 245.1 20 20 0.5 ug/L
B, Ba, Ca, Cd, Cr, Cu, EPA 200.7 20 20 0,01 mg/L
Fe, Li, Mo, Ni, Vv, Zn
Al EPA 200.7 20 20 0,03 mg/L
K EPA 200.7 20 20 5 mg/L
Mg, Mn EPA 200.7 20 20 0,005 mg/L
Na EPA 200.7 20 20 0.5 mg/L
Pb EPA 200.7 20 20 0.0%5 mg/L

* RSD = Relative Standard Deviatlion (or coefficient of variation = ¢/m x 100,
where 8 is the standard deviation and m is the mean

NA = Not available

°  Includes acid extractables, base/neutral extractables, heterocyclics, and

PNAs

Referencest

EPA analyses (U.S, EPA 1983), SM analyses (AWWA 1985), CLP methods

(U.8. EPA 198%), USGS method (Wood 1976), Alpkem method (Alpkem 1987)
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Table B-32. Sampling Constituents, Volumes Required, Containers, Preservation
Techniques, and Nolding Times®
Volume A
Required, Container Holding
Constituents mL Required Preservation Techniques Time
Phenolias 100 Glass Unfilterad, add 0.1 g 28 days
CusO,. Add 1:4 H,PO,
to pH leas than 2.
Cool to 4°*C,
NH;, TOC, COD, 500 Polyethylena Unfiltered, add 1:10 28 days
No*" plus NO?- H,80, to pH less than 2.
Cool to 4°C,
Metals, 1000 Polyethylene Filter on site, Add 11l 6 months
thiocyanate® HNO, to pH less than 2.
Cool to 4°C,
Sulfate, TDS, Br- 300 Polyethylene Fllter on site. 28 days
c1-, Hcoj, cof” Cool to 4°C,
Sulfide 1000 Polyethylene Unfiltered. Add 10 mL 7 days
0.1 N Zinc acetate and
10 N NaOH to pH greater
than 9. Cool to 4°C,
Cyanide 1000 Polyethylene Unfiltered. Add 0.6 g 14 days
ascorbic acid. Add 10
N NaoH to pH greater than
12. Cool to 4°C.
Semivolatile 1000 Amber glass Unfiltered., Cool to 4°C. 7 days
organics®
Volatile 80 Two 40-mL Unfiltered. Cool to 4°C. 7 days
organics® glass vials
TDS 100 Polyethylens Unfiltered, Cool to 4°C, 7 days

¢ oObtained from U.8. EPA, EPA-600/4-79-020 (1983)
b obtained from AWWA, Standard Methods (1983)
¢ Obtained from U,8. EPA, EPA-600/4-82-029 (1982)
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Chemical Composition of Groundwater Samples from the
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GRI DISCLAIMER

LEGAL NOTICE This report was prepared by Radian Corporation as an account of
work sponsored by the Gas Research Institute (GRI). Neither GRI, members of
CRI, nor any person acting on behalf of either:

a, Makes any warranty or representation, express or implied, with respect to
the accuracy, completeness, or usefulness of the information contained in
this report, or that the use of any apparatus, method, or process
digsclosed in this report may not infringe privately owned rights; or

b. Assumes any liability with respect to the use of, or for damages result-
ing from the use of, any information, apparatus, method, or process
disclosed in this report.
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1.0 INTRODUCTION

The overall objective of this effort was to charscterize water
samples that vere associsted with the DOR- and GRI-sponsored RM1 UCG test in
Wyoming for orgenic constituents. The test was scheduled and performed in
1988 and samples were submitted to Radisn for analysis in August of 1987,
February of 1988 and Sep.ember of 1988,

These water samples were analyzed by Radian using GC/MS techniques
to identify and quantify the organic constituents found in the modified
Skinner 1ist (Guide to Petroleum Refinery Waste Analyses for Land Permit
Applications from John Skinner of the Office of Solid Waste) which includes
typical volatile snd semivolatile petroleum= and cosl—~derived chemicals, as
vell as selected compounds of snvironmental concern,

This report contains the results from the analyses performed on
these samples. All sample dsta and copies of the chain of custodies delivered
with the samples can be found in the tables at the end of this report,

2.0 SAMPLE HANDLING AND CONTROL

The Western Research Institute (WRI) collected all samples.
Sampling kits, which included pre-cleaned, QC checked containers, chain of
custody forms and trip blanks were provided by Radian. All sample containers
were series 300 obtained from I-Chem Research, Inc,, which are cleaned to EPA
protocols and QC analyzed, Samples were assigned numbers in the field by WRI.
All samples in this report are referenced by this field identification number,

From the information given to Radian, the first sample taken on
8/21/87 was & background sample taken before testing began, Samples were
received on four different occasions, A total of six field samples, plus
appropriate field blanks, trip blanks and matrix spikes, were analyzed when
subnitted. While Radian provided bottles and trip blanks for all sampling
events, trip blarks and field blanks were not resubmitted with the samples in
several of the events. When a trip blank was not submitted for volatile
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analysis (as noted in Table 1), the data from & system blank (deionized water)
has been included to demonstrate lack of contamination in the analytical
system. Adequate volume of sample for matrix apike and matrix spike dupli-
cates was subnitted for analysis with the initial baseline ssmples and for the
final cleanup sssessment, Adequate ssmple for s matrix spike only was
subaitted for the initial baseline sampling for semivolatiles.

Upon arrival at Radian, all ssmples were logged in the Radian Sample
and Analysis Management System ., They were assigned & unique internal
lsboratory number for each sample split, All samples were prepared and
analyzed vithin the required holding times.

3.0 ANALYTICAL PROCEDURES

Tables 1 and 2 list the semivolatile and volatile organic compounds
that were included in these analyses, As shown in the footnotes, standards
were not svailable for several compounds at the time of the analyses. Thase
compounds were searched for in sample analyses using a computer library search
which matches the spectrs of otherwise unidentified pesks against the NBS
library of 42,000 compounds, If these compounds had been tentatively identi-
fied on either the volatile or asemivolatile analysis, they would have been
quantitated assuming s response factor of one.

Samples were analyzed for the volatile constituents on the modified
Skinner list and additional compounds requested by ENSR following SW 846
Method 8240. The volatiles were quantitatively removed from the sample by an
inert gas purge and trap procedure and then analyzed by GC/MS, All samples
were spiked with labeled surrogate compounds before anslysis which are
reported to give an assessment of recovery,

Adequate sample was collected from the first sampling event (back-
ground samples) to snalyze 2 matrix spike and matrix spike duplicate. A matrix
spike is & split from a field ssmple spiked with known concentrations of
referance materialas and taken through the entire analytical process. The
matrix spike allows the laboratory to assess the efficiency of the analytical
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procedure and can indicate possible matrix effects. Recoveries of same of the
analytes in the matrix spikes were highar than normal which could indicate &
possible bias of results, however, recoveries for benzene, toluene and xylane,
the major volatile compounds found in the samples, were within normal ranges.

Samples for semivolatile analysis were prepared using SW-846 Method
3520, This involves & liquid-liquid extraction with methylene chloride, One
extraction is performed at a pH greater than 11 (to recover the base/neutral
fraction) and a second extraction is performed at a pH lesa than 2 (to recover
the acid fraction. As in the volatile analysis, all sanples were spiked with
labeled surrogate compounds before preparstion which are reported to give an
asseasment of recovery. After extraction, the organic extracts were concen-
trated and analysed for semivolatile constituents following SW846 Method 8270,

a GC/M8 technique,

Matrix spikes were performed on samples from the second and last
sappling events, During the time batween the two events the standard list of
compounds required for matrix spiking changed in the laboratory, thus results
for these two sets are on separate tables (Table 4 and Table 5). Results for
all compounds with the exception of dinitrotoluene were within normsl labora-
tory limits. Dinitrotoluene was not detected in any of the samples.

In both the volatile and semivolatile anslyses, the instrument
systems were calibrated and checked to be within the specifications of the
method before the analyses were run, Tuning criteria, calibration check
compounds and system parformance checks were all within the limits defined in

Methods 8240 and 8270,

In addition to the semivolatile analysis, the extracts prepared for
this procedure were screened for the presence of 2,3,7,8-TCDD(tetrachlorodi-
benzo~P-dioxin) according to the procedure in EPA Method 625. This involves
concentrating the extract to 0.2 mL and running it on the same GC/MS as used
for the semivolatile analysis, only under isothermal conditions and scanning
only the ions characteristic to 2,3,7,8~TCDD., The possible presence of

C-6




2,3,7,8~TCDD would be indicated if all three ions exhibit simultaneous peaks
at any point, None of the samples gave any indication of 2,3,7,8-TCDD,

4.0 RESULTS AND DISCUSSION

Neither the initial background samples nor the final samples (post
treatment and rinsing) had measurable quantities of any of the constituents of
interest., Samples taken during the demonstration contained benzene, toluene,
ethylbenzene, xylene, cresols, phenols and polyaromatic hydrocarbons. Samples
taken at the gas shack on 2/3/88 had the highest concentrations of contami-

nants,
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RARIAN

TABLE 3. VOLATILE ANALYSIS MATRIX SPIKE RECOVERY
8/21/87 SAMPLING

AJQEDAS~0
RO-B-9
Caspound n ”
(44515)  (44516)
Valaciles (Method 8240)
Acataitrile 216 214
Acrylonitrile 195 08
Bazens 109 113
Brasodichloromethans 139 145
Bromcmethane -3 81
Carben disultide 160 154
Cazbon tetrachloride a0 8
Gilorcbeszens 73 9
Chlorodibroncssthane & x]
Chloroethene 162 150
Chlcarofcem 119 115
Chlorcmsthans 151 142
1,2-Dibramo-3-chloropropsns 70 80
1,2-Dibrazoschene 98 106
Dibromcoasthens 98 105
pichlorodifluoramst bane 10 68
1,1-Dichlorosthens 142 161
1,2-Dichlorosthens 113 115
1,1-Dichloroethylens 134 130
trane~} ,2-Dichliorosthene 129 130
trane~1 , 4-Dichloro-2-taxens 156 166
1,2-Dichloropropems 118 120
ree-1,3~Dichlaropropens 105 109
cis~1,3-Dichloropropene 105 109
Hessnoos 204 211
lodcasthexs 7 70
Mathyl echyl ketaos 7 137
Mathylens chloride 165 153
1,1,1,2-Tetrachlcrosthens -] a
1.1,2,2-Tetrachlorosthans 90 1@
63 72
Tolums : 89 2]
Tribroscawchens bk} 80
1,1,1-Trichlorosthms 9% 104
1,1,2-Trichloroethee 122 128
Trichloroschens 81 8
Trichlaroflucrossthens 88 90
1,2,3-Trichloropropes 111 2
Vinyl chlorida 132 125
Exhylbermens & ®
Tyleoes 1@ 9
Styrens ] -4
Acstons 60 73
Matly) isbutyl ketcoe 112 138




TABLE 4. SEMIVOLATILE ANALYSIS MATRIX SPIKE RECOVERY FOR EMW9

8/21/87 SAMPLING

COMPOUND X RECOVERY
Acenaphthalene 91
Acenaphthene 77
4-Aminobiphenyl 73
Anilipe 56
Anthracene 88
Benz(a)anthracene 58
Benzo(a)pyrene 93
Benzo(b)fluoranthene 101
Benzo(g,h,i)perylene 66
Benzo(k)fluorsnthene 99
Benzyl alcohol 78
bis(2-Chloroethoxy)uethane 88
bis(2-Chloroethyl)ether 86
bis(2-chloroispropyl)ether 73
bis(2-ethylhexyl)phthalate 84
4-Bromophenyl phenyl ether 85
butyl benzyl phthalate 89
p-Chloroaniline 80
p-Chloro-m-cresol 84
2-Chloronaphthalene 97
2-Chlorophenol 2
4-Chlorophenyl phenyl ether 99
Chrysene 92
o~Cresol 717
m/p-Cresol 75
Dibenzofuran 94
Dibenzo(a,h)anthracene 90
1,2-Dichlorobenzene 13
1,3-Dichlorobenzene 67
1,4-Dichlcrobenzene 75
3,3'-Dichloroberzidine 84
2,4~Dichlorophenol 83
2,6~Dichlorophenol 82
Diethylphthalate 75
p-Dimethylarinoazobenzene 78
12-Dimethylbenz(a)anthracene 46
3,3'Dimethylbenzidine 45
2,4~Dimethylphenol 76
Dimethylphthalate 54
1,4~Dinitrobenzene 92
4,6~Dinitro-~o-cresol 103
2,4~Dinitrophenol 84

(Continued)




RAPIAN

TABLE 4. (Continued)

COMPOUND 2 RECOVERY
2,4-Dinitrotoluene 103
2,6-Dinitrotoluene 90
Di-n~butylphthalate 94
Di-n~octylphthalate 84
Fluoranthene 98
Fluorene 117
Hexachlorobenzene 92
Hexachlorobutadiene 100
Hexachlorocyclopentadiece 27
Hexachloroethane 71
Hexachloropropene 82
Indeno(1,2,3-c,d)pyrene 85
Isosafrole 96
3-Methylcholanthrene 86
4 ,4Methylenebis(2-chloroaniline) 87
Methyl methanesulfonate 41
2-Methylnaphthalene 86
Naphthalene 85
1-Naphthylamine 60
2-Naphthylamine 47
2-Nitroaniline 92
3-Nitroaniline 92
4-Nitroaniline 84
Nitrobenzene 82
2-Nitrophenol &5
4=-Nitrophenol 81
N-Nitrosodi-n~butylamine 91
N-Nitrosodiethylamine 85
N-Nitrosodimethylamine 70
K-Nitrosodiphenylamine 96
N-Nitrosomethylethylamine 82
N-Nitrosomorpholine 84
N-Nitrosopiperidine 83
N-Nitrosopyrrolidene 82
Pentachlorobenzene 99
Pentachloronitrobenzene 101
Pentachlorophenol 140
Phenacetin gl
Phenanthrene 92
Phenol 79
2-Picoline 67
Pronamide 144

(Continued)
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TABLE 4. (Continued)

—
COMPOUND % RECOVERY
Pyrene 98
Pyridine 43
Safrole 91
1,2,4,5~-Tetrachlorobenzene 100
2,3,4,6-Tetrachlorophenol 93
1,2,4-Trichlorobenzene 98
2,4,5-Trichlorophenol 107
2,4,6=Trichlorophenocl 82

SURROGATE RECOVERIES

2- Fluorophenol 104
Phenol-dg 103
Nitrobenzene 95
2-Fluorobiphenyl 111
2,4,6~Tribromophenol 128
Terphenyl—d14 77
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TABLE S. SEMIVOLATILE ANALYSIS MATRIX SPIKE RECOVERIES FOR
9/22 SAMPLING (SAMPLE POINT #4)

— RESULTT IN %

COMPOUND MS MSD
Acenan! thene 81 79
p~Chloro-m~cresol 48 43
2-Chlorophenol 76 80
1,4~Dichlorobenzene 67 75
Di-n-propylnitrosamine 61 62
2,4-Dinitrotoluene 274QC 30QC
4-Nitrophenol 3.4 2.9
Pentachlorophenol 59 62
Phenol 41 53
1,2,4~Trichlorobenzene 85 84
SURROGATE RECOVERIES (RESULTS IN % RECOVERY)
2-Fluorophenol 90 101
Phcnol-ds 53 55
Nit robcnunq-ds 75 79
2-Fluorobiphenyl 128 121
2,4,6-Tribromophenol 33 28
Terphenyl-d,, 121 114

3! = Outside control Limits



CHAIN OF CUSTODY
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APPENDIX D.

Acute and Chronic Toxicity of Underground Coal Gasification Waters to

Ceriodaphnia dubia and Pathead Minnows (Pimephales promelas)

ENSR Consulting and Engineering, July 1993
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Prepared for:
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8600 Waest Bryn Mawr Avenue
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DISCLAIMER

LEGAL NOTICE: This report was prepared by ENSR Consulting and Engineering as an
account of work sponsored by the Gas Research Institute (GRI). Neither GRI, members of GRI,
nor any person on behalf of either:

a Makes any warranty or representation, expressed or implied, with respect to the
accuracy, completeness, or usefulness of the information contained in this report,
or that the use of any apparatus, method, or process disclosed in this report may
not infringe privately owned rights; or

b. Assumes any liability with respect to the use of, or for damages resulting from the
use of, any information, apparatus, method, or process disclosed in this report.
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1.0 INTRODUCTION

This report describes a series of aquatic toxicity tests conducted by ENSR Consulting and
Engineering's Fort Collins Environmental Toxicology Laboratory (FCETL) on several water
samples collected in conjunction with an underground coal gasification research project
sponsored by the Gas Research Institute, Acute toxicity tests were conducted according to
USEPA (1985a) guidelines using fathead minnows (Pimephales promelas) and water fleas
(Ceriodaphnia dubia). In addition, chronic toxicity tests (USEPA 1985b) were conducted using
Ceriodaphnia only. All study data are maintained in the FCETL archives, which can be accessed
through ENSR's office at 1716 Heath Parkway, Fort Collins, Colorado.




2.0 MATERIALS AND METHODS

2.1 Test Waters

All test waters were dalivered, packed on ice, to the FCETL by Western Research Institute (WR)
personnel. Results in this report are referred to by FCETL sample number; the WR! waell
identification and corresponding FCETL sample numbers are presented in Table 2-1. Initial
chemical characterization of the samples at the FCETL is given in Table 2-2. it was noted in the
FCETL test substance log that sample numbers 492 and 493 had a distinct odor of hydrogen
sulfide.

2.2 Dilution Water

Dilution water for all tests was moderately hard reconstituted water prepared according to
USEPA (1985a) guidelines. This reconstituted water is generally characterized by USEPA as
having hardness of 80 to 100 mg/L (as CaCO,), alkalinity of 60 to 70 mg/L (as CaCQ,), and pH
of 7.4 t0 7.8. Chemistry of the dilution water measured during testing was comparable to these
values, although pH tended to be 8.0 to 8.4.

23 Test Organisms

All Ceriodaphnia dubia were obtained from the FCETL in-house cultures. On the day prior to
test initiation, gravid females were isolated in dilution water at test temperature. On the day of
test initiation <24-hour old neonates were collected for use in the toxicity tests.

Fathead minnows were obtained from commercial suppliers (Aquatic BioSystems, Fort Collins,
Colorado, and Florida Bioassay Supply, Gainesville, Florida). All fathead minnows were
<24 hours old and appeared to be in good physical condition at the initiation of the tests.

24 Acute Test Methods

The acute tests were conducted according to USEPA (1985a) guidelines under static conditions.
During 1987/88 tests, Ceriodaphnia dubia were tested in 300-m| crystallization dishes containing
200 mi of test solution; during 1990, Ceriodaphnia dubia were tested in 30-ml plastic cups
containing 15 ml of test solution. The test duration for all Ceriodaphnia dubia acute tests was
48 hours.
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Table 2-1

Sample !dentitication for Underground Coal Gasification Waters

Collection WRI Well Identification «

FCETL Sample # Date Receipt Date Time Perlod

248 08/21/87 08/21/87 EMW 9 - Pre-Burn

259 11/04/87 11/04/87 EMW 9 - Pre-Burn

492 09/08/80 09/07/88 CPW1 - 15t Restoration

493 08/06/88 06/07/68 VIW1 . 1st Restoration

538 09/21/88 09/22/88 TWT (Treated) - 1st Restoraton

1702 09/09/90 09/10/90 ViW1

1703 08/09/90 09/10/90 EMW 9
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Table 2-2

Initial Chemical Characterization of Underground Coal Gasification Waters*

Alkslinity Hardness Conductivity

Sample # (mg/L. aa CaCoO,) (mg/L as CaCO,) (#mhos/em)
248 780 33 1,650
259 783 30 2,100
492 780 82 3,160
493 818 232 3,460
536 681 100 3,420
1702 484 920 4,200
1708 568 580 3,200

‘Chemical characterization conducted at the FCETL.




Fathead minnows were tested in 1-L beakers containing either 500 ml (1987/88) or 250 mi
(1990) of test solution under static renewal test conditions, Test solutions were renewed on &
dally basis using freshly prepared dilutions of tha initial samples; test duration was 96 hours.

In all acute tests, the test organisms were exposed to 6.25, 12.5, 25, 50, and 100 percent test
water (viv, test water:dilution water). A dilution water control was also tested concurrently. For
1987/88 studies (both species), ten test organisms were randomly distributed to each test
chamber and two replicates were tested per treatment, For 1990 Ceriodaphnia dubia tests, five
organisms were randomly distributed to each of four replicate chambers per treatment; for 1990
fathead minnow tests, ten organisms were randomly distributed to each of four replicates per
treatment. Ceriodaphnia dubia were not fed during the test. Fathead minnows waere fed 0.1 ml
of newly hatched brine shrimp nauplii once dally during testing. All acute tests were conducted
at 20°C under fluorescent lighting with a photoperiod of 16 hours light and 8 hours dark.

In addition to the underground coal gasification water tests, refarence toxicant tests, using either
sodium dodecyl sulfate (1987/88) or sodium chloride (1990), were conducted as appropriate
according to USEPA (1985a) guidelines. Acute (24 hour) reference toxicant tests were
conducted monthly with organisms from the FCETL in-house Ceriodaphnia dubla culture. Each
lot of fish obtained from a commercial supplier was also tested to determine the sensitivity range
of the test organisms.

2.8 Chronic Test Methods

Chronic Ceriodaphnia dubia survival and reproduction tests were conducted according to
USEPA (1985b; Method 1002.0) methods. Each sample was tested at the five concentrations
used for acute testing plus a dilution water control. Test chambers were 30-ml plastic beakers
each containing 15 mi of test solution. One Ceriodaphnia dubla neonate was placed in each
test chamber and 10 replicates were tested per concentration. Test solutions were renewed
daily using freshly-prepared dilutions of the original sample. Each chamber was fed 0.1 mi of
an incubated mixture of yeast, trout chow, and ground alfalfa leaves and 0.1 ml of an algal
suspension daily (Note: Ceriodaphnia dubla in the chronic study with sample #248 received

no algal supplement), Testing was conducted at 25°C under a 16h:8h light:dark photoperiod.
Test duration was generally 7 days, although tests may have been terminated earlier or later,

depending on the time required for production of three broods by at least 60 percent of the
control organisms.
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[ ]
2.6 Data Analysis

2.6.1 Acute Tests

Acute test results are expressed as the LC,, concentration, that concentration estimated to
cause 80 percent mortality of the test organisms in tho specified time pariod. The LC,, values
and their 95 purcent confidence limits were calculated, where possible, using an IBM compatible
pergonal computer and USEPA (1085a) software which uses moving average, probit, and
binomial probability methods. The specific method selected for reporting the test results was
determined by the characteristics of the data (Stephan 1977).

26.2 Chronic Teats
Chronic test results were anaiyzed using a point estimate method to calculate the IC,, value, that

concentration that reduced organism performance by 25 percent relative to the control.
Methods for calculating the IC,, were as described by USEPA (1989).
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3.0 RESULTS

3.1  Toxicity Resuits
3.1.1 Sample #248 (EMW? - Pre-Burn)

LCy, valuas for both Ceriodephnia dubla and fathead minnows were greeter than 100 percent
test material, indicating negligible acute toxicity for the EMWS-Pre-Burn sample (Table 3-1).
Survival was somewhat reduced among Ceriodaphnia dubia exposed to 100 percent test
rmaterial (85 percent survival in the 100 percent treatment group); howevaer, this effect was not
sufficient to Iinfluence the LC,, vaiue.

The EMW-Pre-Burn did cause chronic toxicity to Ceriodaphnia dubla, with both survival and
reproduction being adversely effected. Performance was, In fact, reduced by more than
28 percent in the lowest concentration treatment group, providing only an estimated IC,, value
of <6.28 percent test material.

3.1.2 Sample #2859 (EMW9 - Pre-Bum)

Fathead minnow acute tests were not corducted with this sample. Control mortality during the
Ceriodaphnia dubia acute test exceede-: the protocol-prescribed limit of 10 percent, thereby
placing into question the quality of the test results, Howaever, given that no mortaiity was
observed among test organisms exposed to 100 percent EMW9-Pre-Burn test water, the sample
was apparently not acutely toxic (Table 3-2).

Poor reproductive performance was observed Iin all chronic Ceriodaphnia dubia treatment
groups; average control reproduction (7.3) was below the protocol-prescribed minimum of 18
young per female. Nevertheless, survival and reproduction did show a decreasing trend with
increasing test concentration. An IC,, value of 14.2 percent was calculated, although this value
should be qualified because of the sub-standard control performance,

3,1.3 Sample #492 (CPW1 - 1st Restoration)
Significant mortality was observed among Ceriodaphnia dubla and fathead minnows exposed

to the CPW1-1st Restoration cavity water sample, LC,, values were 28,7 and 17.7 percent test
material, respectively, for these two test species (Table 3-3).
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Table 3-1
Toxicity Test Results for Sample #248 (EMWS - Pre-Burn)

Survival (%) In Acute Testa Cerlodaphnis Chronic Test Results
Ceriodaphnia Fathead minnow Mean Young per
Concentration (48h) (o8h) Survival Female

Control 100 1 80 18.8
6.25% 100 100 90 9.1
12.8% 80 100 90 LK}

25% o8 100 80 42

30% 98 100 30 0

100% a8 100 0 0

LCu »100° >100 [ <6.28°

* By inspection

13
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Table 3-2
Toxicity Test Results for Sample #259 (EMWS - Pre-Burn)

Survival (%) In Acute Teats Ceriodaphnia Chronic Test Regulta*
Ceriodaphnia Fathead minnow Mean Young per
Concantration (48h) (98h) survival Formale
Control 30 NA® 90 7.3—-—'
6.25% 100 NA 100 63
12.5% 100 NA 100° 7.7
25% 100 NA 100 4.2
50% 100 NA 40 01
100% 100 NA 10 0
LCy >100 NA 1Cys 14.2

* Reproduction was below the minimum protocol-prescribed quality criterion (15 young per
femaie).

® NA - Not appiicable: no fathead minnow test was conducted with this tast material.

¢ One organism was inadvenently killed in this treatment due to a technician error,

14
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Table 3-3

Toxicity Test Results for Sample #492 (CPW1 - 1st Restoration)

Survival (%) in Acute Tests

Ceriodaphnis Chronic Test Results

Ceriodaphnia Fathead minnow Mean Young per
Concentration (48h) (s6h) Survival Female

Control 100 100 90 15.0°
6.25% 100 100 100 16.2°
12.5% 95 100 S0 14.5°

25% 80 0 90 12.7°

50% 0 ] 0 0

100% 0 0 ] 0

LCy 28.7 17.7 Ic,, 25.3

* Two maie test organisms were observed in this treatment; these individuals were excluded

from the average reproduction calculation (i.e., n=8).
® One male test organism was observed in this treatment; this individual was excluded from the

average reproduction caiculation (i.e., n=9).
 Four male test organisms were observed in this treatment; these individuals were excluded

from the average reproduction calculation (i.e., n=6).
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Although total young production during the CPW1 exposure appeared to be below quality
control limits, numerous male test organisms were observed among the treatment groups.
While male test organisms are used in determining treatment group mortality rates, only female
test organisms are included in the calculation of average young production. Calculating
reproductive performance based on sample sizes adjusted to include only females indicated that
the test results for this study were of acceptable quality (control reproduction was 15
young/female). The CPW1 test material was chronically toxic to Ceriodaphnia dubia; the IC,,
value for the sample was 25.3 percent test material.

3.1.4 Sample #493 (VIW1 - 1st Restoration)

Acute toxicity of the VIW1-1st Restoration sample was observed among both fathead minnows
and Ceriodaphnia dubia. LC,, values for these two species were 85.6 and 35.4 percent test
material, respectively (Table 3-4). Fathead minnows appeared to be more sensitive to the
exposure.

Similar to the CPW1 study, numerous male test organisms were observed in the VIW1
Ceriodaphnia dubia chronic test. In this study, however, average control reproduction (13.3) feli
beiow the minimum required 15 young per female. Still, a marked decrease in survival and
reproduction was observed in the 100 percent test material treatment, and the calculated IC,,
value of §5.5 percent test material should generally refiect the chronic toxicity of the sample.

3.1.5 Sample #536 (TWT [treated] - 1st Restoration)

Tests with TWT treated water indicated no acute toxicity to either Ceriodaphnia dubia or fathead
minnows (LC,, values >100 percent test material, 100 percent survival in all treatment groups)
(Table 3-5).

Despite the lack of acute toxicity, this sample did show some chronic toxicity to Ceriodaphnia
dubia. The IC,s value for the TWT sample was 62.8 percent test material.

3.1.6 Sample #1702 (VIW-1)

Tests with the VIW-1 water sample indicated no acute toxicity to Ceriodaphnia dubia and fathead
minnows (LC,, values > 100 percent test material, >92.5 percent survival in all treatment groups)
(Table 3-6).

Control reproduction in the Ceriodaphnia dubla chronic test (14.1) was slightly below the
protocol-prescribed minimum of 15 young per female. The test results, though potentially
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Table 34

Toxicity Test Resuits for Sample #493 (ViW1 - 1st Restoration)

Survival (%) in Acute Tests Ceriodaphnia Chronic Test Resuits
Ceriodaphnia Fathead minnow Mean Young per
Concentration (48h) (esh) Survival Female*

Control 100 100 100 13.3"
6.25% 100 100 80 15.2°
12.5% 100 100 100 13.0°

25% 100 100 100 17.0°

50% 100 0 80 12.4°

100% 3¢’ 0 20 0

LCy 85.6 35.4 [o3 55.5

* Reproduction was below the minimum protocol-prescribed quality criterion (15 young per
female).

® Four male test organisms were observed in this treatment; these individuals were excluded
from the average reproduction calculation (i.e., Nx6).

¢ Six mate test organisms were observed in this treatment; these individuals were exciuded from
the average reproduction calculation (i.e., n=4).

 Three male test organisms were observed in this treatment; these individuals were excluded
from the average reproduction calculation (i.e., n=7).

* One male test organism was observed in this treatment; this individual was exciuded from the
average reproduction caiculation (i.e., n=89).

'One organism in this treatment could not be found on Day 2 of testing and was presumed to

have died.



Table 3-5

Toxicity Test Results for Sample #5636 (TWT [treated] - 1st Restoration)

Survival (%) in Acute Tests

Ceriodaphnia Chronic Test Resuits

Cerioduphnis Fathead minnow

Mean Young per .

Concentration (48h) (96h) Survival Female

Control 100 100 100 17.2
6.25% 100 100 100 22.5
12.5% ‘ 100 100 100 227
25% 100 100 100 24.3
50% 100 100 100 23.8*
100% 100 100 80 05
LCy >100 >100 IC,, 62.8

* One male test organism was observed in this treatment; this individual was excluded from the

average reproduction caiculation (i.e., n=9),

18
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Table 3-6

Toxicity Test Resuits for Sample #1702 (VIW-1)

Survival (%) In Acute Tests Ceriodaphnia Chronic Test Resuits
Ceriodaphnia Fathead minnow Mean Young per
Concentration (48h) (e6h) Survival Female
Control 100 100 90 14.4
6.25% 100° 97.5 90 12.1
12.5% 100 97.5 S0 18.4
25% 100 95 100 25.6
50% 95 97.5 100 21.8
100% 95 92.5 90 14.0
LCy >100 >100 IC,, >100

* One organism in this treatment could not be found on Day 1 of testing (1st observation). It
was assumed that only four organisms were added to the test chamber at test initiation.




qualified for poor control performance, indicated no chronic toxicity of the test material (i.e., no
measurable effect on reproduction in the test material treatment groups reiative to that in the
control group). The IC,, value was >100 percent, given that performance was not reduced by
25 percent or more in any treatment group.

3.1.7 Sample #1703 (EMW-9)

Tests conducted with the EMW-9 water sample indicated negligible acute toxicity to either
Ceriodaphnia dubia or fathead minnows (LC,, values > 00 percent test material, >95 percent
survival in all treatment -oups) (Table 3-7).

Chronic toxicity was observed among Ceriodaphnia dubia exposed to the EMW-9 test material.
The IC,, value calculated for this study was 16.5 percent test material.

3.1.8 Reference Toxicant Testing

Results of reference toxicant tests conducted concurrently with the present testing program
indicate (1) that the test organisms were of acceptable sensitivity and (2) that laboratory
performance was satisfactory and consistent. These results are summarized in Table 3-8.

3.2 Chemical/Physical Monitoring

Throughout all tests, water quality parameters generally remained within acceptable levels

(Test Data).  With one exception, temperature was maintained at 20+ 1 and 25+ 1 °C In the
acute and chronic studies, respectively. The acute Ceriodaphnia dubia study with the EMW9

Pre Burn sample, #259 (11/04/87), was conducted at 25°C, rather than at 20°C. Measured pH
values in all test treatments ranged from 6.8 to 9.2, and dissolved oxygen was maintained at
=40% of saturation. Test samples and/or chambers were aerated as required to maintain
acceptable dissolved oxygen concentrations (see Test Data for information on any aeration

performed during specific tests).
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Toxicity Test Resuits for Sample #1703 (EMW-9)

Table 3-7

sSurvival (%) In Acute Tests

Ceriodaphnia Chronic Test Resuits

Ceriodaphnia Fathead minnow Mean Young per
Concantration (48h) (96h) Survival Fomale

Control 100 97.5 100 228

6.25% 100 100 80 168

12.5% 100 100 90 20.4

25% 100 100 80 13.8

50% 100 100 80 10.2

100% 100 95 20 0

LCu >100 >100 = 18.5

* None of the organisms in one replicate for this treatment could be found on Day 1 of testing
(18t observation). It was assumed that no organisms were added to the test chamber at test

intiation.

21
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Table 3-8

Results of Reference Toxicant Tests Conducted Concurrently
with Underground Coal Gasification Water Testing

Reference 24-Hour LC,, Acceptable Range
Test Spocias Test Date Toxicant (mg/L) (mg/L)
Ceriodaphnia dublas ce/87 sps* 3.1 21.75
11/87 SDS 117 0.8 - 151
09/88 sSpS 9.2 3.7 -18.9
09/80 NaCl® 1280 1109 - 1932
Fathead Minnow 08/21/87 sDs 3.8 09-69
09/07/88 sSDs 35 24.72
09/22/88 308 3.8 24 .67
09/10/90 NaCl 5833 4080 - 7574
'SDS - Sodium Dodecy! Sulfate.
NaCl - Sodium Chioride.
2
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4.0 SUMMARY AND DISCUSSION

Resuits of all toxicity tests conducted are summarized in Table 4-1. Neither of the pre-bum
samples showed acute toxicity; in contrast, both the CPW1 and VIW1 samples collected in
September 1988 were acutely toxic to both Ceriodaphnia and fathead minnows. Laboratory staff
made note of a strong sulfide odor from these two samples. As hydrogen sulfide is reasonably
toxic to aquatic life, it is quite possible that sulfide was the cause of toxicity, The TWT sample
collected later in September 1988 was not acutely toxic to either species, nor were either sample
collected in 1990,

With respect to chronic toxicity, EMW9 showed chronic toxicity to Ceriodaphnia in all samples
pre- and post-burn. The two pre-burn samples in particular had relatively high alkalinity
(760 mg/L as CaCO,); although this high alkalinity would be expected to cause some chronic
toxicity to Ceriodaphnia, it cannot account for all of the chronic toxicity observed. Previous
experiments conducted by ENSR for GRI indicated that the threshold for chronic toxicity of
bicarbonate to Ceriodaphnia is about 400 to 500 mg/L as CaCO,,

As part of another research effort sponsored by GRI, ENSR developed a series of logistic
regression equations called Salinity/Toxicity Relationships (STRs). These equations predict the
acute toxicity of a solution to Ceriodaphnia dubia, Daphnia magna, and fathead minnows based
on its major ion composition (for more information on the STRs and their derivation, consult
Gulley and Mount 1992), Because several of the present samples contained relatively high
concentrations of several major ions, the STRs were used to predict the amount of acute toxicity
that would be expected from these ions.

lon concentrations used for STR calculations are shown in Table 4-2. Predictions for the
August 21, 1987 sample from EMW9 corresponded well with the observed toxicity, with little
acute toxicity predicted or observed. Comparing predictions for the September 6, 1988 samples
is confounded by the lack of specific ion chemistry data. The available data are for a composite
of both CPW1 and VIW1 samples from that day; accordingly, the exact ion composition for each
sample individually is not known. Predicted toxicity to Ceriodaphnia was bracketed by the two
observed values, but the predicted LC,, for fathead minnows was considerably higher than
either of the observed values. This suggests that the acute toxicity of the CPW1 and VIW1
samples collected September 6, 1988 was caused primarily by something other than major lons,
possible sulfide as suggested previously.

D-23



Table 4.1

Summary of Underground Coal Gasification Water Sample Toxicity Testing Resuits

Acute Tests Chronic Tests
ENSR LCyo in % ICy in %
Sample Sample Ceriodaphnia Fathead Ceriodaphnia
Number Description (48h) minnow (96h) (3 Brood)
248 EMWS - Pre-Burn >100 >100 <6.25
259 EMWSI . Pre-Burn >100 NA 14.2
492 CPW1 - 1t Rest, 28.7 17.7 25.3
493 VIW1 - 1st Rest, 85.6 35.4 55.5
536 TWT (treated) - 1st .
Rest. >100 >100 62.8
1702 VIW-1 >100 >100 >100
1703 EMW-9 >100 >100 16.5
24
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Table 4-2

Major lon Concentrations (mg/L) and Predicted Toxicity

Sample
Parametesr
EMWS -- 8/21/87 CWE'-0/6/88  TWT - 9/88*
Sodium 539 800 930
Potassium 6 70 70
Calcium 7 80 9
Magnesium 4 14 13
Sulfate 370 1,130 1,210
Chloride 12 51 147
Alkalinity (as HCO,) 926 972° 830
Ceriodaphnia LC,, Observed >100 29/86 >100
(%) Predicted 99 67 67
Fathead Minnow Observed >100 18/35 >100
LCy, (%) Predicted >100 80 88

‘The CWE sampling point was a composite of the CPW1 and VIW1 sampling points used for toxicity

tests,
The TWT sample was a composite of several samples collected September 15 to 19, 1988.
JAverage of alkalinity in CPW1 and ViW1 samples.

25
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Interestingly, the TWT sample showed no acute toxicity, even though the predicted toxicity was
similar to that for the CPW1 and VIW1 samples. The ion concentration data (except for
bicarbonate) were not for that particular sample, but actually for a composite sample collected
a few days prior. It is possible that the chemistry data for the TWT sample s not representative,
although this does not seem termribly likely in that conductivity of the TWT sample was
comparable to that of the CPW1 and VIW1 samnples (Table 2-2). Sulfate and bicarbonate were
the lons primarily responsible for the predicted toxicity of the TWT, CPW1, and VIW1 samples.
The lack of toxicity in the TWT sample reinforces the previous conclusion that toxicants other
than major ions were likely responsible for the toxicity observed in the CPW1 and VIW1 samples.
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ERT TOXICOLOGY GROUP Page: S 3

FT. COLLINS, COLORADO ERT QA Form No. 1S
Effective: 3/87
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ERT QA Form No, 16

Effective: 3/8
"N w80

| SUBJECT: SURVIVAL AND REPROCUCTION DATA FOR CERIODAPHNIA SP. EFFLUENT TOXICITY TEST
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ERT QA Form No. 14
Effective: 3/87
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| SUBJECT: SURVIVAL AND REPRODUCTION DATA FOR CERIQDAPHNIA SP. EFFLUENT TOXICITY TEST
I

NOTE: XsDead Adult, no Young Produced before death.
1xs0ead Adult, one young produced before desth.
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ERT QA Form No, 15

) 1 " Effective: 3/87
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| SUBJECT: DAILY LOG
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[ALL ENTRIES MUST BE INITIALLED WITH DATE AND TIME:
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Pog e
oD GIYGC
SUMMARY OF FISHERS EXACT TESTS
NUMBER NUMBER SIG
GROUP IDENTIFICATION EXPOSED DEAD (P=. 05)

CONTROL 10 2
1 6.25 10 1
2 12.5 10 1
3 25 10 2
4 50 1o 7 *
5 100 10 10 *

| Press any key to continue ||

D-~38
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D743-582-001 CeriodaphniébReproduction
File: A:001 Transform: NO TRANSFORMATION

Shapiro Wilks test for normality

. . S T G SP n wn S P W S G G T S P S ey P S ey S D s G T Gu G G GIS G S D G W SR W e G S g S T e S D G SR W G GE GUR SIS G W ST G G S G G R G o SN G G S G

D = 1875.000

W = 0.974
Critical W (P = 0.05) (n = 40) = 0.940
Critical W (P = 0.01) (n = 40) = 0.919

- S R W e Gmp D W s SRS D Gub W SR W S G - S o

Data PASS normality test at P=0.0l1 level. Continue analysis.

D743-582-001 Ceriodaphnia Reproduction
File: A:001 Transform: NO TRANSFORMATION

Bartletts test for homogeneity of variance

- i WD D amp S T . T G WD W G W N W W n qus W R gy P R e W N IR P W S R W G S D VD W e S T g S S que T I G IR G S G G G G G T dap W T G G S G G R W SR WD e

16.59
11.34 (alpha = 0.01)
7.81 (alpha = 0.05)

Calculated B statistic
Table Chi-square value
Table Chi-square value

nnu

Average df used in calculation ==> df (avg n - 1) = 9.00
Used for Chi-square table value ==> df (#groups-1) = 3

- - R R W WD Gup P T G P WD GRS W G G R P W G S P T g S Gy I WS Gy N SN WD G G GNP R IR WD GND G IO G e TP S e S W G SED GND SIS TS SR D G W R Gup S S e e SRS G D SN W e SR W w0

Data FAIL homogeneity test at 0.01 level. Try another transformation.

NOTE: If groups have unequal replicate sizes the average replicate size is
used to calculate the B statistic (see above).
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D G (S9C
D743-582-001 Ceriodaphnia Reproduction
File: A:001 Transform: NO TRANSFORMATION
SUMMARY STATISTICS ON TRANSFORMED DATA TABLE 1 of 2
GRP IDENTIFICATION N MIN MAX MEAN
1 Control 10 0.000 35.000 15.800
2 6.25 10 0.0006 15.000 9.100
3 12.5 10 0.000 15.000 6.900
4 25 10 0.000 8.000 4.200
D743-582-001 Ceriodaphnia Reproduction
File: A:001 Transform: NO TRANSFORMATION
SUMMARY STATISTICS ON TRANSFORMED DATA TABLE 2 of 2
GRP IDENTIFICATION VARIANCE SD SEM
1l Control 138.622 11.774 3.723
2 6.25 28.989 5.384 1.703
3 12.5 32.544 5.705 1.804
4 25 8.178 2.860 0.904
D743~582-001 Ceriodaphnia Reproduction
File: A:001 Transform: NO TRANSFORMATION
STEELS MANY-~ONE RANK TEST - Ho:Control<Treatment
TRANSFORMED RANK CRIT.
GROUP IDENTIFICATION MEAN SUM VALUE df S1G
1 Control 15.800
2 6.25 9.100 87.00 77.00 10.00
3 12.5 6.900 81.00 77.00 10.00
4 25 4.200 73.00 77.00 10.00 *

Critical values use K = 3, are 1 tailed, and alpha = 0.05
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THE NUMBER OF RESAMPLES IS 80 # 2qg SNV

i?AAMQC%.?({ R Cj.JAJ£?& Q&F{%ﬂ.
**x%x LISTING OF GROUP CONCENTRATIONS (% EFF.) AND RESPONSE MEANS %%

A7
CONC. (%EFF) RESPONSE MEAN MEAN AFTER POOLING

.000 15.800 15.800

6.250 9.100 9.100
12.500 6.900 6.900
25.000 4.200 4.200
50.000 .000 .000
100.000 .000 .000

THE LINEAR INTERPOLATION ESTIMATE OF THE TOTAL IMPACT CONCENTRATION
FROM THE INPUT SAMPLE IS 3.6847.

50.000 .000 .000

100.000 .000 .000

THE LINEAR INTERPOLATION ESTIMATE OF THE TOTAL IMPACT CONCENTRATION
FROM THE INPUT SAMPLE IS 3.6847.

23X L2222 22222222 2222222222222 22222 22 222222222 2 22 2]

* BOOTSTRAP PROCEDURE TO ESTIMATE VARIABILITY *

* OF THE ESTIMATED ICp *

IZXIYXXR XXX EXIEXA SRS RESERSSSZES 2 2 2] g de g de vk de de ok de de e o e kg e ok
THE MEAN OF THE BOOTSTRAP ESTIMATES IS _4-5766. 7'7.93

IS 2.6097.
IS 2.6097.

/. Q.Z(Z’

THE STANDARD DEVIATION OF THE BOOTSTRAP ESTIMAT

AN EMPIRICAL 95.0% CONFIDENCE INTERVAL FOR THE
BOOTSTRAP ESTIMATE IS ( 2.3583, 13.1181).
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EMWS Pre Burn (11/4/87)
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ERY QA Form No. 17
Effective: 3/87
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Page: 207(’

ERT QA Form No. 16
Effective: 3/87

SUBJECT: SURVIVAL AND REPROODUCTION DATA FOR CERICOAPHNIA SP. EFFLUENT TOXICITY TEST

oas\-t | (64

NOTE: X=Dead Adult, no young produc'd bofora duth
1x=Dead Adult, one young produced before death.

|
| SPONSOR ¢ WRE PROJECT NUMBER: D P4/ 3-SE2
|TEST SUBSTANCE: __ /=F L LLUENT
|
IE"LUENHDMIDME/TIME |lN.' REPLICATE TOTAL | NO. LIVE | MOST vouuul
| CONC. |uo.t | |A|8|C|D|E|F|G|H|IIJ|LWE | ADULTS |IYANVADULT|
| || YR S R Y Y Y Y A | [ [
\Cotrnl )\ 1 ot 1@ 010 10101 Q01010101010 |__ 10 | 0 [
u__u__:' % A\ 0101012121 2121012101.Q |0 |0 |
|1 1.3.1tYo 045w 01010101010101010(01. 0 |__(0 |0 [
I AL 1010|1101 1011 |4 l—to |+ [
151 2R WA | 1|01 | 210\ L 1412 (O 1_5 |
L 16 | ol __1__1__.1__1__1_._ [ | tqg | |
|__,_|_7_|“/~°%5°1 uilg% I%El%lix 1S () A— / |
TOYI <
: | 19| !%I [ 'TE uyﬂ'as"ﬂ‘ | :
PRI IR c‘w .&IE_I_Q.LQI.D.I.Q.I.QLQI_QI% [0 |0 |
412 ,' 01010102121 2101010 4 l.__O_l 0 |2 |
|3 « 010101010101 0101010|_ @ |_(0 | 0O !
Ll 2101211 1010l lel 112 a2 |2 !
: -l .QIQ.:Q.{Q_I.L_I.Q:J_:.Q:.QIQ_} = | /g |— I
|l e |4 |—a |
] lrwl'-fg;g. C2EY ll‘/l;l?lvlowt Q8|10 |
1 |Tor s IR 17'1 17'171'5:0| 13'1 = 10| |
I
R RRD l"I_QI.QI.QI_Q.I_OI.QI_QI.QI.QI.QI Q| 1p | D0 [
——l2ia e | Q2101010121 R2121021L1Q1 0 |10 |2 !
N - N D CEUA0IQICINIOI0ICILIQIOI O |10 |__Q |
X A3l 10| u 1210| —4 | |
Z'_'L_:_s-:: .ﬂ.l_L_l.l_la_l.a.l.Ql l..J.IQI g | z ; L |
_ 6_IM208201¢A__|1__1__|__|__ |l | —‘?T [
17.|wown' |°| 1819 |3'1 | 8 || |
[ToT | (15" ONS 1_51 %%'9{6?71 ‘3'%[251 8 | |
|
I
|
|
I
[
!
[
|
I
[
|
|
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page: 3 of ¢
ERT QA Form No. 14
Effectiver 3/87

I
l

SUBJECT: SURVIVAL AND REPRODUCTION DATA FOR CERIODAPHNIA SP. EFFLUENT TOXICITY TEST

|TEST SUBSTANCE: __ AL LU ENT

| SPONSOR s LWIRT PROJECT NuMBeR: DR Y 3-5T2

I
l
I
I
|
l

NOTE: XsDead Aduit, no young produced before death.
1xsDend Adult, one young produced before death.

IEFFLUENHDAYIOATE/HHE llN ‘ REPLICATE TOTAL | NO., LIVE | MOST vouucl

ICDNC |N0 | | | A8 l c |;;‘} € I [ | G| N_l 1 | Jd |LIVE | ADULTS | 87 ANY ADULT|

|_Z5.__|__ NS ons |'°|_d_|9.| VIS _Ql_el_/.l_u..‘?.l./.él — 10 | a

__...U-i" .Q.LQIEI.Q.QI_QIQI.QIQI o |10 |0 |

| 2.1 iﬂ.l[ll.Ql.lell.Ql.Ql.QLQ.l Q \__ (0 o |

n 1311 _QI.Q_I.QI.D.I_QI.QI.O_I.Q.I_QLQ.I_.Q..I (o |0 1

| I_6_|\ 212 001010101010 141 4 |0 l—d |

|15 1'd2 D9\ 0|10 |10 |01 0\4 I2I10I10 I |__(O | /b |

) | l6 S N A O O Y Y T T 75> M - |

\L._ |-7.lu/_:ie";z_ew0|010|a1°|010|oxo{51LI (O |_& |

I_T@At0 L. % d | ! |

; :"\O“ g O | | | 2 33 =55 Vo |

50 |11/ oSO C IO @O 0010 Q1SS 0 (X7 |0 |

—_ 2y 2101910101 .q.l_mQ.IOl Q | L0 ) |

131 LILIPIOICIOICIQIOIQ| O |_ID |2 |

I . Q10| IQ_I.Q.I.Q.IQ.I.QLQI —Q 19 |12 I

15 0l 101X 1Q10 1L 101N |1 1 1 3 | |

= P e
L]

|ToT | _'_%_..__.1___%_@1_1 |~ | :

100 | 1 |4 QA.I_QIQ.LQ_I.QI_QI_QIQ_! Q | g |0 |

. I_I_QI.Q.I.Q.I.Q.LQI.Q_I Vo XN I 2 Y -

30 2108121010101, 0 |3 IO l

1! I.Q_I_Ql I_Ql_QI_Q.IQ.I_Q._I 2| Q |

—l 151 uu I.QI.QI.QI._Q_.I g —Q |

L1 I_QI_QI k- e —0 |

—l 7| S =) I

[Tor (IS O Ay < 11— T 1"7 —J
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ERT TCXICOLOGY GROUP
FT. COLLINS, COLORADO

Page: 46’7 7/

ERT QA Form No. 15
Effective: 3/87

| SUBJECT: DAILY LOG
!

JALL ENTRIES MUST BE INITIALLED WITH DATE AND TIME:
| 7 Y

I y . LA : o 17, ol R A7,

Wi ? ok rgg~ fr:,.: Y o)

I

/727 VAR S s~ oy 4N

|
I
l
I
I
I
I
!
|
14
|
(
|
[
l
l
I
l
I
I
|
l
[
i
[
|
[
l
!
|
|
!
I
l

|
|
I
|
I
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Lt - nﬂ-éCrw
THE NUMBER OF RESAMPLES IS 80 H-eq- 87 757
c o dubre el
**%* LISTING OF GROUP CONCENTRATIONS (% EFF.) AND RESPONSE MEANS #w#

CONC. (%EFF) RESPONSE MEAN MEAN AFTER POOLING
.000 7.300 7.300
6.250 6.300 6.947
12.500 7.667 6.947
25.000 4.200 4.200
50.000 .100 .100
100.000 .000 . 000

THE LINEAR INTERPOLATION ESTIMATE OF THE TOTAL IMPACT CONCENTRATION
FROM THE INPUT SAMPLE IS 19.1990.

100.000 .000 .000

THE LINEAR INTERPOLATION ESTIMATE OF THE TOTAL IMPACT CONCENTRATION
FROM THE INPUT SAMPLE IS 19.1990.

L AXA SRR A2 R 222 2 22X 2Ry ey

* BOOTSTRAP PROCEDURE TO ESTIMATE VARIABILITY *
* OF THE ESTIMATED ICp *
AL R Y R e R 2222

[C s
THE MEAN OF THE BOOTSTRAP ESTIMATES IS ((14.2117. /h'd.,,y.?_g

THE STANDARD DEVIATION OF THE BOOTSTRAP ESTIMATES IS 6.5277,

AN EMPIRICAL 95.0% CONFIDENCE INTERVAL FOR THE
BOOTSTRAP ESTIMATE IS ( 3.4990, 31.3602).

C: \STATS\BOOTSTRP>

D-48



CPW1 Restoration (9/7/88)

49 Auguat 1099
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ERT QA Form No, &
Effective: 2/87

ELT #902
Spe LeS0 - 9. /b

i SUBJECT: ACUTE TOXICITY DATA SHEEY

|

spowsors __ W RT PROJECT NUMBER: S0 06/ -S82 07
|TEST SUBSTANCE: Test speciEs:

[SAMPLE INFORMATION AND DESCRTPTION POUND ON PAGE Y720F THE TEST SUBSTANCE USAGE LOG

|
| TEST CRGANISM NISTORY

I -

Lot u 090658 DATE MAINTENANCE/ACCLIMATION BEGAN: ?/é/gf
I : AINTENANCE/ACCLIMATIO

jLise ma? 4ZW CONDITION Of ommm:___ﬁ@b
|

|see pace AMpor COLLECTION/RECEIPY

MORTALITY (X) IN 48 HOURS PRIOR
10 TESTING:

/_Q&ﬂ/[-/ X

[LOG FOR RAW DATA

|
|see pace 225br

.‘ ‘Q
OR RAW DATA ON HOLDING

I 22l '

| TEST CONDITIONS

|

| RANGE-FINDING | sTATIC | TINE ADOED | TEST | TESTY

| | | SURSTANCE/ANIMALS | LOCATION | SYSTEN
(X oermninive — RN T 11 | o O Barm X open

| ! ! | g |—nom
| | | | !

|TEST CONTAINER |SOLUT IO LUTION VOLUME |  TEST CONTAINER

[OINENSTONS | HEIGHT |

|TESY _CHAMBER VOL. (L) |TESY
1.6, 3.8, 38

| 10,3, 38 |

COMPOSITION

| |A-2omm & ASS
|proTocOL: £ P4 PSS | ! !
[DILUTION WATER TYPE LIGHTING R10D
| t 24 #/£ — ING - PHOTOPER10D; /%—
|CIRCLE ONE: TEST SUBSTANCE AS ACTIVE INGREDIENT/piC | SOLVENT/CARRIER
| |

ST CONCENTRAT{ON |
Y m/t w/t g/t Wﬁz-sj /2.5) 25, 80, /@ | 71710%/
| |
| AMOUNT o'f summc;/) SOLVENT/CARRIER
|srocx ADDE ) AI// Y, /2-5, 25; 50) /6?9/ 200 : CONCENTRATION
| | i
|STOCK SOLUT ION
|USED (e.g. 1,2,3) A//A’ 'L A///4
:moun OF 30! ! i

v LVENT

T A 1
| COMMENTS s !

Em p— 1@/

|
|
I
|
I
|
|
|
|
|
|
|
I
|
[
i
I
I
|
|
|
|
|
|
|
I
|
I
|
I
I
!
I
|
I
l
|
I
I
|
|
l
|
|
|
|
|
|
|
|
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ERYT QA form No. 7
Effective: 2/87

SUBJECT: ACUTE TOXICITY DATA SHEET -

810LOGICAL DATA

I
I
|

| SPONSOR

WRT

PROJECT NUMBE

JTEST SUBBTANCE:

! Haob

TEST SPECIES:

R Z?jgg - %/"‘ ,53'2-:..!.)7

»
]
|
|
[
:
|OATE | g | 2% | o8 | T2-Houm | 96-HoUR |
| 14 ?'zﬁ__l_im_.l 4"%&_1 ! !
|ANIMALS FED N I Y I l [
l L Yte  Yre | Ne | |
|
o d0 oo | Moo : }
[DATA BY | | l I I I
| %8 V% 4/ n 4/ | n t
|NOMINAL | | | | [ l | a [ | | |
|CONCENTRATION | | | wo, | | NO. | | WO, | | NO. | . | NO. |
Ime/t ug/t  nasi] REP l oss |ALIV§ | oss |ALW! | 08s |ALW! | oBS |ALIVE l 088 [ALIVE |
[ | | 1 [ [ [ 1 |
|conThoL . R Y e I
' Y S A A .3' N ——
| - s
A S S S S T T/ o e e
bz, g 2| 129 | | IOIﬂNFl’! | | | I
|4 | (N I_LQ._IMI._Q_I | | ! [
|2< — l 9 | K. S Y N 2 I I | l
: S T e e e e
0 : 8 et
| 3 2| [ | © 1 [ [ | I
| 00 | S |—Q == — [ [ [
| % | fd el ] © T T | | l |
| | ] | | | | | | | | | |
| | | | n ; 1 | | | | [ :
[ l | | | | | I : | [ [ !
| | | s ! | [ ! | 1 | l |
| | 1 I [ [ | | | | | | [
| I [ [ | | | | | | | | I
[ | | [ l | | | | [ | l [
[ | | [ I | | [ [ l [ ! |
| OBSERVATION KEY |
|W8 « OBSERVATION WAS MADE AND NOTHING OUT OF THE ORDINARY WAS OBSERVED l
IAS * AT THE SURFACE GY - QYRATING PRE - PRECEPITATE l
IN” » MUSCLE SPASM DRK « DARK PIGMENTATION FOS - FILM ON SURFACE l
jCLE - COMPLETE LOSS OF EQUILIBRUIM NEN - HEMORRMAGIC + UNDISSOLVED CHEMICAL |
|PLE « PARTIAL LOSS OF EQUILIBRIUN RAR  RAPID RESPIRATION * NOT FOUND l
[L"ll « LETHARGIC G - GULPING * LIGHT PIGMENTATION |
{HYP - HYPERACTIVE CLDY+ CLOUDY SOLUTION |
|ERR - ERRATIC |
]
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ERT QA Form No, 14
Effective: 3/87

SUBJECT: SURVIVAL AND REPRODUCTION DATA FOR CERICOAPHNIA SP. EFFLUENT TOXICITY TEST
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OTE: XaDeed Adult, no young produced before death.
1xu0ead Adult, one young produced before death,
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NOTE: XeDesd Adult, no young procduced before death.
1xsDead Adult, one young produced before death.
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ERT QA Form NO. 14

Effectiver 3/87
| SUBJECT: SURVIVAL AND REPRODUCTION DATA FOR CERIOCODAPHNNIA SP. EFFLUENT TOXICITY TESTY |
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ERT TCXICOLOGY GROUP Page: u
FT. COLLINS, CCLORADO ERT QA Form No, 1§
Effestive: 3/87

| SUBJECT: DAILY LOG A743 . 582~ D0

|
|
[ALL ENTRIES MUST BE INITIALLED WITH DATE AND TIME: |
|
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THE NUMBER OF RESAMPLES 1S 80 .
<. o™i ﬂb};yl.

*** LISTING OF GROUP CONCENTRATIONS % EFF.) AND RESPONSE MEANS ##+

CONC. (%EFF) RESPONSE MEAN MEAN AFTER POOLING
.000 15.000 15.647
6.250 16.222 15.647
12.500 14.500 14.500
25.000 12.667 12.667
50.000 .000 . 000
100.000 .000 . 000

THE LINEAR INTERPOLATION ESTIMATE OF THE TOTAL IMPACT CONCENTRATION
FROM THE INPUT SAMPLE IS 26.8382.

100.000 .000 .000

THE LINEAR INTERPOLATION ESTIMATE OF THE TOTAL IMPACT CONCENTRATION
FROM THE INPUT SAMPLE IS 26.8382.

LA AR A A A AR R R 2222 XY YT R T

* BOOTSTRAP PROCEDURE TO ESTIMATE VARIABILITY *

* OF THE ESTIMATED ICp »
R L R R R R R R R R R L)

THE MEAN OF THE BOOTSTRAP ESTIMATES I 25.3382, o1 7»?-—93
THE STANDARD DEVIATION OF THE BOOTSTRAP ESTIMATES IS 4.9849.

AN EMPIRICAL 95.0% CONFIDENCE INTERVAL FOR THE
BOOTSTRAP ESTIMATE IS ( 11.7121, 30.3779).

C:\STATS\BOOTSTRP>
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