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STANDARD REPGRT FORM

STATIC RENEWAL TESTS USING PIMEPHALES PROMELAS
(FATHEAD MINNOWS) AND CERIODAPHNTA DUBIA (DAPHNIDS)

Test Title: Clinch River - Environmental Restoration Program (CR-ERP)

Study, Ambient Water Toxicity

Principal Investigator: GCynthia L. Russell

Starting Date: July 22, 1993

Ending Date: July 29, 1993

Clinch River - Environmental Restoration Program (GR-ERP) personnel
and Tennessee Valley Authority (TVA) personnel conducted a study
during the week of July 22-29, 1993, as described in the Statement
of Work (SOW) document. [1] _The organisms specified for testing
were. larval fathead minnows, Pimephales promelas, and the daphnid,
Ceriodaphnia dubia. Surface water-samples were—collected by TVA
Field Engineering personnel from Clinch River Mile 19.0 and Mile
22.0 on July 21, 23, and 26. Samples were split and provided to
the CR-ERP and TVA toxicology laboratories for testing.

Exposure of test organisms to these samples resulted in no toxicity
(survival, growth, or reproduction) to either species in testing

e

Test Sample Identification (Chemical/Effluent/Elutriate, ete.):
Samples were collected for biomonitoring at the following two
sites: Clinch River Mile 19.0, downstream of the mouth of White
Oak Creek and upstream of Grubb Island, and Glinch River Mile 22.0,
downstream of Melton Hill Dam and upstream of White Oak Creek.
Clinch River samples were collected at approximately mid-channel.

Control and/or Dilution Water: Laboratory culture medium
consisting of moderately hard reconstituted water was used as
control and dilution water for toxicity tests. The water used for
daphnid testing was enriched with 10 percent filtered Tennessee
River water and selenium as described in Section 3.2.2.

1.0 EXECUTIVE SUMMARY
conducted by TVA.
2.0 SAMPLE COLLEGCTION/TREATMENTS
2.1
2.2
2.3

Sample Dates and Times: Test samples were collected on July 21,
23, and 26, 1993. Collection times were between 0900 and

1200 CDT.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nor
any of their employees, make any warranty, express or implied, or assusnes any legal liabili-
ty or responsibility for the accuracy, completeness, or usefulness of any information, appa-
ratus, product, or process disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United States Government or
any agency thereof. The views and opinions of authors expressed herein do not necessar-
ily state or reflect those of the United States Government or any agency thereof.
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2.4 Sampling Method: All samples were collected using an Isco
peristaltic pump with the inlet tubing lowered to approximately
1.0-1.5 meters below the surface. Pumping rate was approximately
two liters per minute. A 20 L composite was collected at each
station and partitioned (split) according to the workplan for
shipping to the TVA Aquatic Research Laboratory (ARL) at Browns
Ferry Nuclear Plant site or direct transfer to ORNL (DOE) personnel

in the field.

2.5 Pertinent Site Conditions: Weather conditions were clear and sunny
during sampling on July 21, 23, and 26.

2.6 Sample Storage/Handling: All samples were placed on ice in ice
chests after partitioning. Zero headspace was established in each
container by filling full and expressing any air bubbles before
sealing. Samples remained on ice until shipped or transferred
directly to ORNL (DOE) personnel. Excess composite sample was
discarded. Samples were stored in refrigerators at 4°C + 1°C after
arrival at the Aquatic Research Laboratory (ARL).

2.7 Sample Transport: Samples collected on July 21, 23, and 26 were
tranSported to Browns Ferry Nuclear Plant by overnight TVA mail
courier. Personnel from ARL picked up samples from the mailroom
and transported them to ARL. ’

2.8 Sample Pretreatment: Sample temperature was raised to 25°C in a
warm water bath and samples were aerated as necessary to bring DO
levels down to near 100 percent saturation. Adequate water for use
in test initiation or daily renewal was filtered through a 100 um
nylon mesh filter into 2000 mL beakers, and appropriate dilutions
were prepared where applicable.

2.9 Test Treatments: Samples from Glinch River Mile 19.0 and Mile 22.0
were tested at 100 percent (undiluted) and diluted to 50 percent
using the appropriate culture media.

3.0 TEST ORGANISMS/CULTURING CONDITIONS

3.1 Species: Pimephales promelas, Fathead minnow

3.1.1 Source: ARL inhouse culture

3.1.2 Culture Water: Culture medium consisted of 50 percent

dechlorinated tap water and 50 percent moderately hard
reconstituted water. Dechlorination was achieved by activated
carbon filtration and verified by DPD titration. Reagents for
reconstituted water were added to reverse osmosis product water.

Both waters were passed through a pack column degasser to bring
dissolved gases to saturation. Culture medium was continuously
aerated to help ensure aseptic conditions. Total hardness was

approximately 95 mg/L as CaCOj.
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3.1.3

3.1.4

3.1.5
3.1.6
3.1.7
3.1.8
3.1.9
3.1.10

3.1.11

3.2
3.2.1

3.2.2

3.2.3

3.2.4

Temperature of Culture: 25°C + 1°C

General Maintenance: Adult fathead minnows are maintained in glass
aquaria in a flow through recirculating system. Flow rate to
aquaria used for spawning is one aquarium volume per hour.

Approximately 20 percent of the water volume is replaced twice
weekly. Adults are fed three times ddily. Sexually mature fish
are placed in 21-L glass aquaria (one male, four females) and
reproduction is checked and recorded daily. Spawns are removed
from aquaria and incubated in 1-L glass beakers under aeration to
the proper stage of development for the target test.

Fish health is monitored regularly and corrective action is taken
if necessary. Spawning frequency from individual aquaria is
tracked and sexually spent individuals are replaced as necessary.
Every 4-6 months a group of the same age fish from at least three
spawns is reared to adults for replacement spawners.

Spawn Date: July 17, 1993
Hatch Date/Time: July 21, 1993/1015 CDT - July 22, 199370645 CDT

Culture/Acclimation Watef: Moderately hard reconstituted water
Acclimation'Temperature: 25°C + 1°C

Mean Dry Weight at Start of Test: 0.06 mg

Diseases and Treatment: None.

Food and Feeding: Larvae were fed brine shrimp (Artemia) nauplii
<24-h old twice daily beginning after hatching to ensure food

availability if larvae began feeding prior to test initiationm.

Species: Ceriodaphnia dubia, daphnids

Source: Inhouse culture, TVA, Aquatic Research Laboratory

Culture Water: Moderately hard reconstituted water containing
10 percent filtered Tennessee River water and 1.0 ppb
selenium. [2] Total hardness was approximately 95 mg CaCO3/L.

Temperature of Culture: 25°C % 1°C

General Maintenance: Adults used to produce neonates for test
initiation are selected as neonates from broods as described below
on 2 or 3 consecutive days 6-10 days prior to test initiation.
(Adults up to 14 days old may be used for neonate production.)
These animals are raised individually (a brood may be raised as a
group until Day 3 at which time animals are transferred to




3.2.5

4.0

jndividual cups), and a record is made of their reproduction.
Their fourth brood is generally the second brood with 8 or more
young and is the earliest brood used for test initiation.

Mass cultures may also be maintained in 8-L glass battery jars in
light and temperature controlled incubators. New cultures are
started weekly (7-10 days) with approximately 50 neonates. These
neonates are selected from the third or fourth brood of the adult,
from broods containing 8 or more young.

Food and Feeding: Food used for Ceriodaphnia cultures and this
study was obtained from a commercial source (Aquastar) and consists
of YCT and Selenastrum prepared according to EPA requirements.
Individual animals contained in cups with 15 mL medium were fed
0.1 mL food and algae at renewal.

TEST METHODS

4.1

4.1.1

4.1.1.2

4.1.2

4.1.3

4.1.4

4.1.5

4.1.6

4.1.7

4.1.8

4.1.9

4.1.10

4.1.1.1

Fathead Minnow (Pimephales promelas) Larval Survival and Growth
Test, EPA Test Method 1000.0. [3]

Modification/Amendments to Method 1000.0:

A 100-micron mesﬁ nylon screen was used to filter samples rather

than a 60-micron mesh as described in EPA methods.

The Clinch River Mile 19.0 sample storage temperature on Day 6 and
the Clinch River Mile 22.0 sample storage temperature on Day 1 were
below the prescribed 4°C + 1°. These temperatures were 2.8°C and
2.5°C, respectively. Temperatures of samples received on ice
ranged from 1.7°C to 3.7°C.

- Date/Time Test Initiated: July 22, 1993/1010 CDT

Date/Time Test Terminated: July 29, 1993/0930 CDT

Test Chamber: 600-mL borosilicate glass beakers
Volume per chamber: 350 mL

Number of Test Organisms per Chamber: 10

Number of Replicates per Treatment: 4

Dilution Water/Control Water: Moderately hard reconstituted water
Renewal Period: 24-h

Test Temperature: ZS.O;C + 1°C

Feeding Regime During Test: Fathead minnow larvae were fed brine
shrimp (Artemia) nauplii <24-h old 3 times daily ad libitum.




4.1.11

4.1.12

4.2

4.2.1
4.2.1.1

4.2.1.2

4.2.1.3

4.2.2

4.2.3

4.2.5

Physical and Chemical Parameters Measured: Parameters measured
daily (initially) on test solutions and control waters were
temperature (temperature was adjusted to equal "final™ temperature
before renewal), DO, pH and conductivity. In addition, alkalinity,
hardness, and total residual chorine were measured on each new
sample at the time of first use (7/22, 7/24 and 7/27).

Final measurements taken daily before renewal were temperature and
DO in every test beaker and pH and conductivity in one replicate
per treatment. Mean values and ranges are reported in section 6.3.

Statistics:

Revised statistical procedures contained in the second edition of
EPA's short-term chronic toxicity methods require a decision
process for testing statistical assumptions before selecting a
specific test method to determine toxicity endpoints. [3] Decision
processes followed for testing survival and sublethal (growth)
effects are shown in sections 6.1.2.2 and 6.1.3.1. Based on tests
for normal distribution and homogenous variance of data, the
statistical test used for endpoint determination of survival data
was Steel's Many-one Rank Test and for growth data was Dunnett's
Test.

Ceriodaphnia Survival and Reproduction Test, EPA Test Method
1002.0. {3}

Modifications/Deviations to Method 1002.0:
Enriched culture medium (see Section 3.2.2.).

A 100-micron mesh nylon screen was used to filter samples rather
than a 60-micron mesh as described in EPA methods.

The Clinch River Mile 19.0 sample storage temperature on Day 6 and
the Clinch River Mile 22.0 sample storage temperature on Day 1 were
below the prescribed 4°C + 1°. These temperatures were 2.8°C and
2.5°C, respectively. Temperatures of samples received on ice
ranged from 1.7°C to 3.7°C.

Date/Time Test Initiated: July 22, 1993/1045 CDT

Date/Time Test Terminated: July 29, 1993/1000 CDT

Test Chamber: l—ounce plastic cups (Plastics, Inc., #P.I.-1)
Volume per Chamber: 15 mL

Number of test organisms per chamber: 1

Number of replicates per treatment: 10




Dilution Water/Control Water: Enriched moderately hard

Test Temperature: ‘25.0°C + 1°C

Feeding Regime During Test: Each organism was fed 0.1 mL of
prepared food and algae concentrate daily (added to renewal water
before introduction of test organism).

Physical and Chemical Parameters Measured: Parameters measured
daily ("initial") on test solutions and control waters were
temperature (temperature was adjusted to equal "final" temperature
before renewal), DO, pH and conductivity. In addition, alkalinity,
hardness, and total residual chlorine were measured on each new
sample at the time of first use (7/22, 7/24, and 7/27).

“"Final" measurements of temperature were made in 10 randomly
selected cups when the tray was removed from the incubator. DO and
pH were measured daily in 1 cup per treatment following renewal.
Mean values and ranges are reported in section 6.3. -

Revised statistical procedures contained in the second edition of
EPA's short-term chronic toxicity methods require decision process
for testing statistical assumptions before selecting a specific
statistical test to determine toxicity endpoints. [3] Fisher’'s
Exact Test was used to evaluate Ceriodaphnia survival effects
during the study.  Statistical evaluation of daphnid reproduction
was not required because all treatment values were greater than the

Toxicity Test Methods: All phases of the study including, but not
limited to, sample collection, handling and storage; glassware
preparation; test organism culturing/acquisition and acclimation;
test organism handling during test; and maintaining appropriate
test conditions were conducted according to the protocol as
deseribed in this report and EPA/600/4-89/001. [3] Any known
deviations were noted during the study and are reported herein.

Physical and Chemical Methods

4.2.7
reconstituted water
4.2.8 Renewal Period: 24 hours
4,2.9
4.2.10
4,2.11
4.2.12 Statistics:
control. _
5.0 QUALITY ASSURANCE
5.1
5.2
5.2.1

Reagents, Titrants, Buffers, etc.: All chemicals were certified
products used before expiration dates (where applicable). All ARL
chemicals are recorded in a bound Laboratory Chemical Logbook and
specific chemicals used were documented on a chemical record sheet
contained in the study notebook.
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5.2.2 Instruments: All identification, service, calibration, and
standardization information pertaining to ARL laboratory
instruments is contained in bound Laboratory Instrument Logbooks
and specific instruments used were documented on an instrument
record sheet contained in the study notebook.

5.2.3 Temperature was measured using glass mercury thermometers. The
instrument was standardized and inspected with readings made
according to TVA procedure DS-42.11. [4]

5.2.4 Dissolved oxygen was measured using a YSI Model 57 oxygen meter.
The instrument was standardized (using the Winkler method) and
readings were taken according to TVA procedures S&F DS-43.6 and
DS-42.4, respectively. [4]

5.2.5 The pH was measured using an Orion Model SA250 meter equipped with
an Orion Ross combination electrode. The instrument was
standardized and readings were made according to TVA procedures
DS-43.7 and DS-42.8, respectively. [4]

5.2.6 Conductance was measured using a ¥YSI Hoﬁel 32 SCT meter. The
instrument was standardized and readings were taken according to
TVA procedures DS-43.3 and DS-42.3, respectively. [4] -

5.2.7 Alkalinity was measured by titration of 100 mL samples with 0.02
N HpS04 to an end point of 4.5 according to TVA procedure DS-42.1.

[4]

5.2.8 Hardness was determined by titration of 50 mL samples with EDTA to
a colorimetric endpoint using an indicator (Instructions provided
by Reagent Manufacturer [Calgonl]), Schwarzenbach Method.

5.2.9 Total residual chlorine (TRC) was determined using the DPD
Titrimetric Method according to TVA procedure DS-42.9, Rev. 0. [4]

5.3 Reference Toxicant Tests

5.3.1 Test Type: Fish - 7-day chronic (NOEC)
Daphnids -~ 7-day chronic (NOEG)

5.3.2 Standard Toxicants Used:

Copper Sulfate Reference Toxicant Solution - fish and daphnids
Source/Brand: EPA

5.3.3 Dilution Water Used: Moderately hard reconstituted water (enriched
for daphnids) - fish and daphnid chronic.

5.3.4 Statistics: Chronic Test, FH Survival/Growth and Ceriodaphnia
Reproduction, NOEC - Dunnett's Test or Steel's
Many-one Rank Test, EPA Bootstrap Procedure - ICyg

Ceriodaphnia Survival - Fisher's Exact Test




6.0 RESULTS

6.1 Fathead Minnow Larval Survival and Growth Test

6.1.1 Summary of Results: No survival or growth effects were
demonstrated in fathead minnows exposed to Clinch River Mile 19.0
or Mile 22.0 samples during the CR-ERP Ambient Water Toxicity Study
conducted from July 22-29, 1993,

6.1.2 Results, Survival Data:

6.1.2.1 Daily Percent Survival Summary for Fathead Minnow Larval Survival
Test, CR~ERP Study, July 22-29, 1993.

Total Daily % Survival

Treatment

Day 1 2 3~ 4 5 6 7
Medium 100 100 100 100 100° 100 100
CRM 19.0-50% 100 100 100 100 100 100 100
CRM 19.0~100% 100 100 100 100 100 100 100
CRM 22.0-50% 100 100 100 100 100 100 100
CRM 22.0-100% T00 100 100 100 100 98 98
6.1.2.2 Statistical Decision Process for Determining Toxicity Endpoints for

7-Day Survival of Fathead Minnows, CR-ERP Study, July 22-29, 1993.

SURVIVAL EFFECTS
] X
CERIODAPHNIA SURVIVAL DATA FISH SURVIVAL DATA
(PROPQRTION SURVIVING (PROPORTION SURVIVING)
[ : ]
l ) ¥ @
Y ] y | ARCSINE
FISHER'S EXACT PROBIT ANALYSIS TRANSFORMATION
JEST ] ]
L[]
v V ' | v —
ENDPOINT ESTIMATES SHAPIRO-WILK'S TEST
ENDPOINT ESTIMATES LC1,1C5, LC10, LCSO KOLOMOGOROV “D" STATISTIC
NOEC, LOEC - T
NORMAL DISTRIBUTION HETEROGENEQUS ~ VARIANCE
HOMOGENEQUS VARIANCE |
NO
| 4 ORMORE
YES | REPLICATES?
EQUAL NUMBER OF EQUAL NUMBER OF
NO REPUCATES? REPUCATES? NO
V . YES L | Yes
FTEST WITH ] y IX]
BONFERRONI DUNNETTS STEEL'SMANY.ONE °* WILCOXON RANKSUM  *
ADJUSTMENT TEST RANK TEST TESTWITH
l ' l BONFERRONI ADJUSTMENT
i
[
ENDPOINT ESTIMATES
NOEC, LOEC
* Test requires 4 rapl
** Levene's Test used duse to variancs equal to zero for one or more treatments.
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6.1.2.3 Analysis of Survival Data Using Steel’'s Many-one Rank Test for
Fathead Minnow 7-Day Larval Survival Test, CR-ERP Study,
July 22-29, 1993.
Survival (%) Data
Replicate
Group 1 2 3 4 5 6 7 8 9 10 Mean S*
Medium 100 100 100 100 100
CRM 19.0-50% 100 100 100 100 100
CRM 19.0-100% 100 100 100 100 100
CRM 22.0-50% 100 100 100 100 100
CRM 22.0-100% 100 100 90 100 a8
Steel's Many-one Rank Test
Treatment Replicates Critical Rank Sum Rank Sum*
CRM 19.0-50% 4 10 18.0
CRM 19.0-100% 4 10 18.0
GRM 22.0-50% 4 10 18.0
4 10 16.0

CRM 22.0-100%

*Values less than or equal to the Critical Rank Sum are significantly

6.1.3

6.1.3.1

less than the control (Medium).

Results, Growth Data:

Statistical Decision Process for Determining Toxicity Endpoints for
7-Day Growth of Fathead Minnows, GR-~ERP Study, July 22-29, 1993.

GROWTH AND REPRODUCTION EFFECTS

£ D

l FATHEAD MINNOW GROWTH DATA ! CERIOOAPHNIA REPRODUCTION DATA | SELENASTRUM GROWTHDATA H

' EANWEIGHT) [NO. OF YOUNG PRODUCED) : (caLL sy |

{ Y
| (EXCLUOING wmgumm
POINT ESTIMATION | "A8ovE NoECFOR SURVIVAL)
ENDPOINT ESTIMATE SHAPIRO-WILKS TEST NON-NORMAL DISTRIBUTION
l 1€25,1C50 IEXOMOGOROY “D° STATISTIC
NORMAL DISTRIBUTION HETEROGENEOUS VARIANCE

HOMOGENEOUS VARIANCE . [ | o
NO STATISTICAL ANALYSIS
Y Ry =
NO l EOUAL NUMBER .
OF REPLICATES?

NO .
EQUAL NUVBER
‘ — YES Y OF REPLICATES? 1
.| FrEsTWmM ’ X7 Y Yes Y —
BONFERRON! DUNVETTS STEEL'S MANYONE * VRS A S .
ADJUSTMENT TEST RANKTEST BONFERROM ADUUSTMENT
ENDPOINT ESTIMATES
NOEC. LOEC

+ * Test requires 4 replicatesftreatmeant
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6.1.3.2 Analysis of Dry Weight (mg) Data Using Dunnett's Test for Fathead
Minnow 7-Day Larval Growth Test, CR-ERP Study, July 22-29, 1993.
No transformation applied before data analysis. For this set of
data, the minimum significant difference is 0.09.
This represents an 18.42% decrease in dry weight, mg.
= 2.36 Alpha = 0.05 (one-tailed test)
Growth Datd (mg)
Treatment Replicate Mean S*
1 2 3 4 5 6 7 8 9 10
Medium 0.43 0.55 0.43.0.47 0.47
CRM 19.0-50% 0.47 0.42 0.48 0.53 0.47
CRM 19.0-100% 0.49 0.54 0.39 0.43 0.46
CRM 22.0-50% 0.43 0.53 0.46 0.44 0.47
CRM 22.0-100% 0.48 0.38 0.45 0.42 0.43

*Values significantly less than the control (Medium). EMS = 0.003.

6.2

6.2.1

6.2.2

6.2.2.1

6.2.3

6.2.3.1

Ceriodaphnia Survival and Reproduction Test

Summary of Results: No survival or reproduction effects were -
demonstrated in daphnids exposed to Clinch River Mile 19.0 or Mile
22.0 samples during the CR-ERP Ambient Water Toxicity Study

conducted from July 22-29, 19

Results, Survival Data:

93.

Daily percent survival summary for Ceriodaphnia Survival Test,

CR-ERP Study, July 22-29, 199

3.

Total Daily % Survival

Treatment

1 2 3 4 5 6
Medium 100 100 100 100 100 100
CRM 19.0-50% 100 100 100 100 100 100
CRM 19.0-100% 100 100 100 100 100 100
CRM 22.0-50% 100 100 100 100 100 100
CRM 22.0-100% 100 100 100 100 100 100

Results, Reproduction Data:
Statistical Decision Process
7-Day (3-Brood) Reproduction
July 22-29, 1993.

Not applicable.

for Determining Toxicity Endpoints for
of Ceriodaphnia, CR-ERP Study,

- -10-




6.2.3.2 Reproduction (# young/female/7 days) Data for Ceriodaphnia (7-Day)
Reproduction Test, CR-ERP Study, July 22-29, 1993.

Reproduction (# voung/female/7 days) Data
Treatment Replicate Mean S*
1 2 3 - 4 5 6 7 8 9 10

Medium 17 22 20 21 20 21 18 21 16 14 19.00
CRM 19.0-50% 17 16 22 20 20 21 .22 21 24 18 20.10
CRM 19.0-100% 18 21 17 41 18 19 25 23 20 13 21.50
CRM 22.0-50% 19 19 21 24 23 22 25 22 18 19 21.20
CRM 22.0-100% 22 25 24 27 21 19 33 22 16 22 23.10
IR 18 18 19 23 24 22 22 22 9 14 19.10

*Indicates values significantly less than control (TR).
6.3 Physical/Chemical Parameters

6.3.1 Overall Test Temperature

6.3.1.1 Fathead Minnow: 24.9°C (24.5°-25.2°C)

6.3.1.2 Ceriodaphnia: 25.3°C (25.1°-25.6°C)

t

6.3.2 Water chemistry summary for CR-ERP Study, July 22-29, 1993.

See: Appendix A Water Chemistry Mean Values and Ranges
for Fathead Minnow and Ceriodaphnia Tests,
CR-ERP Study, July 22-29, 1993

6.4 Reference Toxicant Tests

6.4.1 -Summary of Results:
Reference toxicant tests conducted prior to GCR-ERP Study showed
chronic results consistent with ARL control chart ranges for
fathead minnows and daphnids.

6.4.2 Fathead Minnows

6.4.2.1 Date/Time of Most Recent Test:
July 6, 1993/1055 CDT to July 13, 1993/1000 GDT

6.4.2.2 LOEC: 0.02 mg Cu/L
NOEC: 0.008 mg Cu/L
ICp5: 0.012 mg Cu/L

~11-




6.4.2.3 Control Chart Information:
Number of standard tests completed by laboratory: 45
LOEC Range: 0.008-0.02 mg Cu/L (one concentration increment)
NOEGC Range: 0.003-0.008 mg Cu/L (one concentration increment)
ICy5 Range: 0.004-0.012 mg Cu/L
6.4.3 Ceriodaphnia
6.4,3.1 Date/Time of most recent test:
July 12, 1993/0935 CDT to July 18, 1993/1028 CDT
6.4.3.2 LOEC: 0.05 mg Cu/L
NOEC: 0.02 mg Cu/L
ICp5: 0.026 mg Cu/L
6.4.3.3 Control Chart Information:
Number of standard tests completed by laboratory: 43
LOEC Range: 0.008-0.05 mg Cu/L (two concentration increments)
NOEC Range: 0.003-0.02 mg Cu/L (two concentration increments)
ICy5 -Range: 0.011-0.030 mg Cu/L
7.0 CONCLUSION
Tests conducted using Clinch River Mile 19.0 and Mile 22,0 samples
collected on July 21, 23, and 26 showed no toxicity (survival,
growth, or reproduction effects) to fathead minnows or
Ceriodaphnia.
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ATTACHMENT I

CR-ERP AMBIENT WATER TOXICITY STUDY
Chain-of-Custody Forms - Originals
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ATTACHMENT II

CR-ERP AMBIENT WATER TOXICITY STUDY
Toxicity Test Bench Sheets and Statistical Analyses




ARL CHRONLC ‘LOXICLTY TEST MASTER CHECKLIST Study: DDE

Date Issued: 7 ’4 3 To: .DRH - From: .B—j/m

Fi Minnows-T.L.X V| ¢.u.t V. Date &m

Daphnids - T.L. v G.U. pate (£ -22- 9’3)

2. sample Collection Coordination: Date '7-14 . By I With /— é‘zmw
e ) hefPs
3. Glassware availability: T.L. L9 Tech 7. Date /-3 ‘:13

4. Glassware prep. complete: Date 2-2I-93 By Ot

1. Test organism availability:

2|
5. Data Sheet prep. complete: Date W ks By o~
6. Test organism availability verification: FH-OK? /< Daphnids-0K? o N—

7. Pl Yinnow acclnnation:

Day
y Rl -

'8. Test Tnitiation: Fl-Date/Time 7/22/931/0/{) Daphnid-Date/Time '7-21-"/".5/ oS
4 /

li Sample, By: WO -

9. Test Renewal: Day #: @ 1 2 3 4 5 6 7
Log Samples ~— T.L.CGt\— oA OF— p/a P;/V\" ot _g;{‘f/(_b.-, ~A
' T.4. % A o> (= oA e oft i*%-l—- _g[ﬁ:
Tnitial Chem. - T.L. QT St~ OM—pl- OH O .OFC. /A

. S TS 44 T TS ae 15 B/A
Final Chem. - T.L. /A O~ orb— ok ob— OW— ©%  H-
M. Ot TS AZ TS TS wae TS ww

F.I. - 1L X oot el e o obt- oW ot
‘ r.u. T 75 A8 T 15 Cu- T (w2
Daphnid - oot ol sd o od otk o~ ot

v, Yk Pl O ot ol W AV YA

10. Test Termination: Fl-Date/Time 79953 ,/7-'30 Daphnid-bate/Time 1-325-93 //0"0'lo
7

Clean-up, By: ’

11. Weigh Fish: pate 73053 By \(}k‘l"
o7 - 30-493 (s
12. Run Stals: Date 07-29-493 By &z

13. Reporl Prep.: Date 68-¢%-43 By _(ue

14. Reporl Final: Date Q‘li& 93 By :-S-fm\ Approved: ﬂc‘d

*eam Teader ' Teulture Unit ¥ream Member

BRGSO L2660 1Y,

AY)



CHRONIC STUDY (FATHEAD MINNOW) RECORD SHEET

Study

Beginning Date/Time

l50‘1 :\\\AQ,\‘ G >

7-22-93 //6:/0

Ending Date/Time 7-F9- %23 7:30
Personnel Q)f*’
Control/Dilution Water F:"V“EZCi—-

Sample 1D Sample Uged Sample ID Sample Used
1. Cam 19 Q200 Y 2.22-93 | 1. Cem 22 2010 22253
2. Cpwr 19 2o ¥ 2230 2., C{iv 22 010 772353
3. CPwmiyg 2037 7-24-9% | 3. Cpuwa 22, _Ro3% 2.2H-65
4 Cln 1T 52037 7-A553 | 4. R 22 2037 5.255 3
5.CLm 1% -9 3 5. CRut 22 2037 726 93
6. Cew 19 __;oé(, 7-27-93 6. Cevrzz_ _206¢ 2279 >
7. CEM (9 2066 732895 | 7. Chwe 22 2.06% 72595
Test Treatment Identification:

1, CPwA |9 SD%

2. Cewm (g (OD%

4. C.en 2.2. [UDso

5. F~ wed,

6.

7.

8,

Spawn Date Tile # Hatch Date/Time to Date/Time

0)-12-93 8,13 21,22,23 25,23 01-2-93 /Iots 07-22 13/ o6us

“AF 1015
Test {} /q
LOEC > 100 75& L BFoets Viz-
- NOEGC 7 100°). )
Notes:

)03, 03, A, ;;_g

o



’

o

Study DOE Aok, 43

FATHEAD MINNOW LARVAL SURVIVAL AND GROWIH 1EST

Beginning Date/Time 7-;2‘53//10:/0

Ending Date/Time n1-29-93 /c‘i&)

-— Number Alive —
Treatment Rep | =lay - |
] 2 3 4 5 6 7|
Cewiiq sosyl ' |0 |j0 |2 | O fs0 | g0 |/°
2l qw Ll lew |/ {»
. 0 |10 |0 | 10 Vo | |72
4 0 | |2 V12 | | |
By: ol | DH | D }/ O | Qeb—| 1Y |wH.
crw 19 1w o Y L W WY V-3 7/ 2
G VN L0 V200 W - VN 7/ V2
3 /0 9 70 O s |2 (o
Pl e p (o v Vo |
b: | OH 1D | ) | O8—|O—| Dy |°
cem 22 ss,| " o {20 s Lo o | [P
2 Juo lw o |12 1p Ly |¢d
- 3 (o 0 |/ © 1 e 1o
4 10 0w e 1w | ., | 1o
bv: |ogrs o | 200 | oo | o lpuss e
CLM 22 (0v%s ! (O Yz 7Y (o 10 Y jo
2 /> /0 /9 © 10 /0 10
Sode o A w | H‘,i q
4 lw |y s W |l w o |
By: s ﬂ 7 = Gt ,//.S G
F med Vo |2 e o [w |,, |w
2 10| )2 /0 (0 Io /2 fo
3 0|0 | {d 10 /0 o
4 19 2 o |V I 7 1o
By: |75 |7k |73 [715 we |[7C e
i
2
3
4
By:
0- 1 2 3 4 5 6
Fed- Time/By: (AN _!gﬁ‘;;’é#’%t/:l‘/{x& 64"%&"_36‘30/,%"’5(@3{0({/ ’

[mgﬁg c,:sé/w—(:'?s,:/ur— svs‘i:'a'b'/rﬁ J0:08 o OFGT'S

Dilution Water 10: Yo (o2 [HoH

(PLARC501-257) Reviewed By:

R e 7 S

(L3S 15:30fert1 533 0/ [ shasJS3 9oty 53 St~
jdog (Mo ppy 1410
.'HH?' Sy ok o £t- 0L, B¢ [ Oy

Yo %’

Page 1 of

Personnel W wai.jo.,

Qosyer —Nanlon

Notes:

raa2E

Jrere st

r:\ct.}-‘\ /gu* asd.

ao ore. ) He oo mslioma
/-/*’f}.ﬂ?tl— ¢ ;ep,



Cive
\Lve -' \

Analysis of Survival

DOE #2
Starting Date: 07/22/93

FARR

Replicate
Treatment 1 2 3 4 5 6 7 8 9 10 Mean
* MEDIUM 1.00 1.00 1.00 1.00 . . . . 1.00
- CRM19 50% 1.00 1.00 1.00 1.00 . . . . . . 1.00
CRM19 100% 1.00 1.00 1.00 1.00 . . . . . . 1.00
crm22 50% 1.00 1.00 1.00 1.00 . . . . . . 1.00
crm22 100% 1.00 1.00 0.90 1.00 . . . . . . 0.98
. Steel’s Many-One Rank Test
No. of Critical
Treatment Replicates Rank Sum Rank Sum*
RM19 —50% 4 10 18
RM19 100% 4 10 18
rm22 50% 4 10 18
rm22 100% 4 10 16

* Values less than Critical Rank Sum significantly less than the
control (MEDIUM ).




FATHEAD DRY WBIGHT RECORD SHERY

Page__} of !

Personnel

she Study/Date DE Tl 9.3
j;”{f',‘_-,.' Pans:Date/Tine of Drylng 7-.29-93;/ Zwwn - e BlshiDate/Yine of Drying _ 7-3¢-¢ 3/7‘4'5 -7 ST
‘,{ PansiDate/Tine of Teighing 23952 //:30~r:0 Fish:Date/thie of Yelghing 2<% /s0is -
f_‘." SZSRcsEzaRszannzcosxn: :::::::::::::. Sz=sSs=zz=sSIsSsSEEsssassIsssEs .----........--,,:------::::-:::::’::::::::::::::
" {6anple 1D Tare Wb,  [Tare # Pish WE,| Pish WE, [ |} Pish | Nean it foggtenée
L 103960 | [.039.21 /0
z 3 ozg=e | 103¢90 (0
‘.':::::::::::::1;:::: .-./==°=§=§)=€=§:=——==:/:3:6;:5::%Z=: s3zzssssss -"-:=/:?'-' SsZsssszsasasTsssITIsIsSssssses
f"mﬂlgt. _________
L Jozggg | roto 10
Y | 4o32mg | ro3%11 (v
--------------!:---- &!'—'Z‘.'_:{.g..%:‘.- ::'L.‘!:"ngf-g&£== SSSSRs8=Ss :i:’-é@/ S8=E=s e ]
Y | yeatio | rosg03 (o
(7-(00% 1, Liidse, L11193 | (0
3. 1.02257 | [-096+4S - (- -
. L Lhlom | 1isoz (v A
b |ostee | ostzo [0
22l L) po7s | L0000 [0
Y Jloyd9s | Lossss [0
=======:===---!.‘.:==: .’..25{%.&-: ::4:?5’:‘:5:-;:.7;'3:. ISsT== [0 = = SS=SS==x3szs=3za==
L (07163 | | O026HtG (o
22 /uvf’o 20 I . lD
o6lls /07193 '
Yl oss | L1345 4
’ L hewzse | fost 77 (o i
L rogzes]| ro717¢ [0
,t Fuwed: 1. 103253 | /03%1.3 [0
3 Vo lregimy | 105230 [o
e bodblode L oesgg Lol L
i |ssssszazsanas s=dzdil (R L A T E2 3 SRS FRSRRRRN YRR 4.4 PRI SN SO
T ll
' 20
': =32 " ----- = s2zz=zzRs
b
; Revieved By: (aop. Gl 3ens
i

_oHt

Hotes!



Page 1 of |

; FATHEAD DRY WRIGHY RKCOR.D SHEET
Study/Date DéE Me‘?b &(L’){", personnel Ot

Pans:Date/Tine of Dtylna) G- 3043 Pish:Date/tine of Drylng _7-30-%>
Pans:Date/tine of Veighing - 30 -¢3 Fish:Date/tine of ¥elghing 2- 3<%

Sample 1D Yare Wb,  [Tare + Fish Wi, { Pish Wb, |  Pish | Hean Wt ofFEbdhce Notes:
1

itlal 27 hgagen| possis | o.coonl| Bro | poumel

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

—,i'-o—-. 1 10/39¢ | [0193] 000s35°| [0 |p voos33
J-6IHGH- | [-0RSLT [p.0o3gs| 10 |p-owixs|

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

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

Revieved By:  cuz




-

4

gtudy/Date;: DOE #2

Pans:Dato/Time of Drying: 07-29-93/0700

Panan;Date/Time of Weighing: 07-29-93/1130

FATHERD DRY WEIGHT RECORD SHEET

Fish:Date/Time of Dxying: 07-30-93/0745

Fish:Date/Time of Weighing: 07-'30-93/1015

Page ! of 2

Personnel: DRH

| | | | | | Mean Wt. | Mean Wt. |Mean Wt]
* |Sample ID | Tare Wt. |Taxe + Fish Wt.| Fish Wt. | # Fish | grams |pifference | mg |
R e aRea b TR LT EESEL TP R J-moommnee- R [==mmmmmnnn e |------- |
| 1. ) 1,03860 | 1.03921 | 0.00061 | 10 | o.000061 | - | - }
[ | | _| [ | | S
| Reuseiqe | 0.4G9889 | 0998 | C.caced | 10 9.¢6coak] | |
| Initial 2. | 1.06234 | 1.02684 | -0.03550 | 10 |-0.003550 | - | - i
| | | ] i | ] | I
| | | | I ! | ! |
| 3, | 1,03834 | 1.03890 | 0.00056 | 10 | 0.000056 | - | - i
| ! | | | | | i |l
i | | i | 1 | | - |
| 4. | 1.05305 | 1.05369 | 0.00064 | 10 | 0.000064 | - | - |
|moa ==|
|Initdal -0.0008422 )
| Hean Ht. TR |
R I
AN 1. | 1.06745 | 1.07176 | 0.00431 | 10 | 0.000431 | 0.001273 | 0.431
| | | i | | | | |
| | | | | | | ] |
jMEDIUM 2. | 1.03263 | 1.03813 | 0.00550 | 10 | 0.000550 | 0.001392 | 0.550 |
I | ] | | ] | | !
i | ] | I | | I |
| 3. | 1.08797 | 1.09230 | 0.00433 | 10 | 0.000433 | 0.001275 | 0.433 |
| | | | | | | I _l
] | | | | ! | | I
] 4, | 1.10916 | 1.11388 | 0.00472 | 10 | 0.000472 | 0.001314 | 0.472 |
| = =]
| 1, | 1.03689 | 1.04262 | 0.00473 | 10 | 0.000473 | 0.001315 | 0.473 |
| | | i | | | | N
| | I | | | | | i
|cRM 19.0 2, | 1.04474 | 1.04893 | 0.00419 | 10 | 0.000419 | o0.001261 | 0.419 |
| so% ! o | I I I .. .l
| | | | ! | | ! I
| 3, | 1,03336 | 1.03811 | 0.00475 | 10 | 0.000475 | 0.001317 | 0.475 |
| I | | ! ] I | |
i | i " | | | . ! |
| 4, | 1.12182 | 1.12661 | 0.00479 | 9 | 0.000532 | 0.001374 | 0.532 |
|= ==
| 1, | 1.03410 | 1.03903 | 0.00493 | 10 | 0.000493 | 0.001335 | 0.493 |
| | | | | | | | |
| | ] | | 1 | ] |
jCRM 19.0 2. | 1.11456 | 1.11993 | 0.00537 |} 10 | 0.000537 | 0.001379 |, 0.537 }
T
| 100w | | | | | ! | d
i | | - | | 1
| 1.08257 | 1.08645 | 0.00388 | 10 | o.0o00388 | 0.001230 |, 0.388
] i I I | |

I
] 3.
I

Notes:

R k_:g.-‘

.- .Q-“ﬂ -

\'SS



»

.

.,

|
| 4. | 1.11070 | .11502 | 0.00432 | 10 | 0.000432 | 0.001274 | 0.432 |
|amunnana sznas ]
1, | 1.05444 | .05870 | 0.00426 | 10 | 0.000426 | 0.001268 | 0.426 |
I | ! ! | | | -
| I ! I | | | | |
|crM 22 2. | 1.02072 | .02600 | 0.00528 | 10 | 0.000528 | o0.002370 | 0.528 |
| sox I | ! ! | | | I
I I | | ! I | I I
| 3. | 1.04893 | .05353 | 0.00460 | 10 | 0.000460 | 0.001302 | 0.460 |
| | | ! | l ] ] !
I | I ! ] | | | !
| 4, | 1.05134 | .05570 | 0.00436 | 10 s] 0.000436 | 0.001278 | 0.436 |
| = mmssscmasass |
| 1. | 1.07163 | .07646 | 0.00483 | 10 | 0.000483 | 0.001325 | 0.483 |
I ! ] ! | f ] I ]
I I I I I l ! I |
|crRM 22 2. | 1.06815 | .07193 | 0.00378 | 10 | 0.000378 | 0.001220 | 0.378 |
| 200% I I I I | ! | |
| | | | ! I | I I
| 3. | 1.10938 | .11345 | "0.00407 | 9 | 0.000452 | 0.001294 | 0.452 |
| | | | | | I I ]
I ] l I | | | ] I
| 4. | 1.04756 | .05177 | o0.00421 | 10 | 0.000421 | 0.001263 | 0.421 |
| = ==|
Reviewed By: Russell
. ) ‘ll‘(
on-30-93 L

L




Analysis of 7-day LarvaloGrowth Test
DOE #2
Starting Date: 07/22/93
Analysis of Dry Weight (mg) Data Dunnett’s Test

No transformation applied before data analysis.
For this set of data, the minimum significant difference is 0.09

This repregsents a 18.42 % reduction in Dry'Weight (mg) .

T = 2.36 ALPHA = 0.05

0 0 0
2 CRM13950% 0 0 . . . . . . 0
3 CRM19100% 0.49 0.54 0.39 0.43 . . . . . . 0.46
4 CRM22 50% 0 0 - 0
5 CRM22 100% 0 0 0

Source DF Sum OF Sqg. Mean Sqg. Calc F F(0.05)
Among 4 0.004 0.001 0.410 0.7975
Within 15 0.040 0.003

Total 19 0.000

e . T e




DOE - #2

DOE #2
pd_42
DOE #2

DOE 2

072293 MINS
INITIAL NUMBER
072293 MINS
INITIAL NUMBER
072233 MINS
INITIAL NUMBER
072293 MINS
INITIAL NUMBER
072293 MINS
INITIAL NUMBER

MEDIUM

CRM19 50%

CRM19 100%

crm22 50%

crm22 100%

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

00
00
00
00
00
00
00
00
00
00

10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00

10.
10.
10.
10.
.00
10.
10.
10.
.00
10.

10

00
0o
00
00

00
00
0o

00

10.
.00

10

10.
10.
10.
10.
.00

10

10.
10.

10

00

00
00
00
00

00
00

.00



DOE_#2
POE #2
DOE #2
DOF. #2

[\_/#2

072293 MING
072293 MING
072293 MING
072293 MING
072293 MING

G W N =

MEDIUM

CRM1950%
CRM19100%

CRM22
CRM22

50%
100%

O O O OO0

.43~
.47
.49
.43
.48

O O OO0

.55
.42
.54
.53
.38

O O O oo

.43
.48
.39
.46
.45

© O O O O

.47
.53
.43
.44
.42



stugy  (No & y
Beginning Date/Time

Ending Date/Time

CHRONIGC STUDY (C. dubia) RECORD SHEET

93.
!

y 7-22-93 [ G /05

]

72953 A o0

Notes:

‘Personnel “"r{ )
Control/Dilution Water cz~"AéL
Sample 1D Sample {# Used | Sample ID Sample it Used
|
1. C2m (9 200¢ 7-22-53 | 1,CRm 22 ROO 73353
2. (a1 Qo ¥ 7:2% 22> | 2. ¢ 22 o 7RIS D
3. (iZwnigd 203 7 2443 | 3. Cepy 20 3% 7-2%%D
4, (2o 20371 73533 | 4. gz 2039 7-25°¢23
5. (2w {5 2037 7-26-9R | 5. cpau2? 2039 2~2-S 2
6. C. Pare. 7 20646 7-27-93 | 6. Py 2T ROLE 7-271-% 3,
7. Qv LS abéé 7125353 | 7. Cbw 22 2065 7259 3
8. _ | 8.
Test Treatment Tdentification: _ _——
1. C R~ (g§-© So%
2. L (G-0 (&5
3, C i 220 SO
4, (v 220 (OD %
5. T .
6. Crwvea e (_l:_.
7.
8.
Released From: To:
Date Time Date Time
7-3(-9.3 /o.vaw\ 2: 326> G OO fova
Test
_ LOEC el
NOEC Zice'l. .



CERIODAPIINIA SURVIVAL AND REPRODUCTION TEST

Page _y of 7

Stud Ve Tely 93 Personnel: et
gl?\lmggtnatc 70:)?(&% ];:nm: M Moo
g bate: . Z=pp 2ot ” ---— Number of Young/Day -—
By |lel ot low-lps | e | oA Jow | | Total
Treatment Rep. i ' W l A ] 5] 61 1 | 8 ' Young
O 1CLM G ebe | 1 C 1o loit3lblol 4 17
|2 y 1 0 |3 | e lo | 7 | 1l
I [ 3 |l | | © |.B .4 1O | {l | | | 22
[ a 1l | 1+ 1 %148 Lo | | | 26 |
|5 1l 13214 1g |0 | | 20 |
I |6 1l o | 4 7 1o | O | 2l |
' 1 1o 1 &1 ¢ 1/ | O 2Z-
8 [lo | £ 1 ¢ o | 9 Y
9 / J 1O 1 o114 [ 6 |/ I
10 - ' O | 4 7Z |1 7Z | © 1¥
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2 aA¢q 1¢.0 a5 cmed |75 g
3 A0 |gp |74 2526
4 SD | 59 A1l | |la=s
Cpmzz g ! yq |s& . lass
T 2] g lee 254
3 S| \os |78
4 ‘3_5%0 58 3ip
cew 2zmyl ! 250 |55
2 25/ |56
3 2o |So
| 13Y7 e A7 -
F-wed ! 249 |40
2 %9 4.2
3 AT |e.d |79
4 zary. 3-8
1 .
2
3
4
1
2
3
4
NOTES:

' Reviewed sz I: Y\’\
’ PLARCS01 -255
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Page _{ of 7
FINAL CHEMISTRY

t Study Do :\t'-*-g—} (‘53 vate 7/25 ,f,, Personnel __
b Beginning Date _ /-22~9 R /6412//“:2!'\/
Ending Date 01-24.43 X, /4470//
"""""""""" = Fish Tceriadaphniac
saple 10 | By | | o Toypk| o] set Sout | ""“"M"T'[{f&"i—&;[l:-
Rep. | Tep. | Do | pH | Cond. Tewp. | Sample 10 | DO | ph
Co 15 sesy) ! A5/ | a2 328 | |253|ocam miosa| 74 | 81
2 ASA |5 2 As|pcpmii ey 1+ | £3
S g/ lge asHt ¥y cpw 2z | 7 | f2-
4 249 160 |78 25 B o2z ol P4 | &R
Cem (7 iyl ! 24 | 6.7 3—%75 255D TP 14 |_%0
2 250 1420 als 254 c-ved.. / g0
3 250 140 254
4 As0 158 |78 25-5
Cpwm2z 2¢ ! AR Y) 308 | | H
2 A5l |57 as4
3 ATR N
4 250 |g.r |78
~ |crm2zmg] ! 2571 |6 A70

o?%gl (R

35. 0 | e.?

[~ 0

\
e .

#&5./ 5 (

25 | 6.7 350
249 a5
2 G Ly

2
3

4

1

2

3

4 gz_._zw/ Ad
]

2

3

4

1

2

3

4

NOTES:

Reviewed Bg:'l )(&"
PLARCS501-255




FINAL CHEMISTRY

Page > of 7

———

Study Df’E L, 43 e Personnel Ny oo
Beginning Date 7';7-7:'"7 3 bate 914173 i’ m’ \':)
Ending Date 07-29 93
T T
Sample 10 | By Fon Tew 1 on i o= | or- Tt
Rep. | Temp. | DO | pH | cond. Temp. | Sample ID | 00 | pH
Cova 15 55| ! 29.§ | Lo 2.8 S| Com i sz "’33‘/ 14
2 25.1 | 5. 210 ast |Beprari iyl 1| g2
3 25 | 5.3 A5 1 Con 22, 3% g | &l
4 24.5 | b0 25ST|@ con sz my T | §2-
CEM 19 woy] | 2s.t | s | 124 254 » TR 7t | §O
2 254 | 5.y 272 JS-S@ C-teed 74 | 8-
3 24.9 | 566 IS4
4 24.§ | 5.6 255"
CPwm 22 24, ! 2.9 | 5.3 1.7 235 )
2 2s.¢ | 5. 31 ls -«
3 25.c | 5%
4 245 | L.z
cewzzmg| ! 250 |59 |19
2 ev.g | 5.9 271
3 24.9 5.y
4 2% [ L.z
Fwed ! 249 | L. 7.8
2 2.5 b1 350
3 24.¢ JL.3
4 24.7 | 6.3
1
2
3
4
1
2
3
4
NOTES:
Reviewed By: Costt -

PLARC501-255
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FINAL CHERISTRY

Page “ of 7

PLARC501-255

, Study DOE‘ Ll 93 . Personnel ; [l'\
b Beginning Date 7‘37‘“"73 Uatem \I{W)
" Ending Date 01-24 43
Fish “Ceriodaphnia’
Saple 10 | By ____!_@_f_l__!x@ﬂi Sl | o ol TOMT ok
Rep. | Temp. | D0 | pt | cond. - Temp. | Sample ID | DO | pH
Com 19 sose| | 5.1 158 AS [ | crm i 5722 /3 ¥ (
el (250 |55 177 gl |@comre vyl 75 | 82
3 g |59 305 | Lhs3lscamaz ey 7f | 82
4 247 |55 252 |@ cenwir g 74 | 8.2
CeM 11 iog] ! 25.2 |59 L2 [ TP 7'7‘ 27
2 e |59 |79 54 ) cowmed | 77| Bo
3 249 | 4@ 370 | |as=
4 2.9 140 253
cpm2z 24| ' 244 |59 Nzsz |~
2 R¥G |58 | I8 s - 11—
3 REGNTF Jop
4 Y7158
crwm 2z g | 250 150
2 22V .0 |79
3 ALY | 56 273
A 2LEN fo !
Ewed ~ [ 249 | 59
2| 7161 |78
3 RELT G/ 340
‘: 248 4./
2
3
4
1
2
3
4
NOTES
Reviewed By: (k-_\’-(*(“—
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FINAL CHEMISTRY

Page _7_ of )

r
Personnel & ’Y\()

<
Beginning Date 7‘33:5 S Pate MS Coa
Ending Date 72793
************* e i —
Sample 10 | By NN ENETEE ol T T O
Rep. | Temp. | Do | pH | cond. Temp. | Sample 10 | D0 | pn
Cova 15 o5 ! 250 | 1.2 e AN AR
2 2.0 | 6.2 G5\ | pcam i 1y 24 | 52—
3 24.7 .1 2.9 ASES W Cow 22 5 7 7 %’/
4 a7 | 6.3 312 A @ comzz gl 7 ¢ g2
CEM 19 1oy, 1 249 { L.o LD TR 1 21
2 24,7 | 6. A5:S W) cwed | 74| GO
3 209 Jb.o 1.9 254
4 209 | 5.8 o 753
Cpm 22 24| ! a4 ez | Bz
2 5.0 |63 - el
3 24.9 | 6.1 .Y
4 2.8 | b 308
cewm 22.mg| ! 249 | .3
2 ETR AN I
3 2499 .4 §.0
4 a5 | .4 27)
Fwed ! a8 ] .3
2 247 ] 6.4
3 29.7 |6t | 2.3
A 24.7 | .7 34S
1
2
3
4
1
2
3
)
NOTES:
oA

T XTI

Reviewed Bg:
PLARC501-255
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Project Instrument Record-Sheet

Project gtudy Do & IW-Q»? 93

Beginning Date_ /-2 -93

Ending Date_ /7 %3

DO Meter

pH Meter(s)

Conductivity Meter

Thermometer (s)

Hodel JOL Modl_ 57 '
TVA Tag__ 557 (232

Calibration Date 42§73

Model (O@Iovs SHasD

TIA-Tag <SSO  HBra4 7
Calibration Date & ~SH-53

Model OPIoyd 07 H- o
TVA Tag___S S 7& 74
Calibration Date__ - [4-92>

Model_ K fiodo 32
TVA Tag___S 4 3387
Calibration Date_ R2~§ %5

Hode oL s S /7]7”,/? C_??_L/D _
VA Tag_fi)-205 / 335 [
Calibration Date_ & -326-9 %
Model &{a& Sy < - fo
VA TagHl- 2S5 SP =451 (¢
Calibration Date  [Z-5-9&




PROJECT REAGENT RECORD SHEET

Project/study: DQE Tl 93 Beginning Date: /-~ 22" 9.3
Personnel: = i Ending Date: 7219-93

WINKLER TITRATION METHOD )
Alkaline-lodide-Azide: Manganous Sulf?j:,e: Sodium Thiosulfgate:
Brand _Msbho~_ Brand I~ shen Brand __%ICC i

Lot # o7 o At Lot # _Glone7 -3 ot # _[126T

Exp. H G5 Exp. ﬂ‘;d 93 Exp. jW‘(
Sulfuric Acid: ' Thyodene:

Brand __[—ig! Brand Ec‘sL_ﬁ

ot # § S4<D7 ot # _7 [za St

Exp. :Ee%..z_ Exp. _Lodef.

pH_BUFFER SOLUTIONS

pH 4: pH T: - pH 10:
Brand (_{(t xfca(l.m:i{— Brand Ml el roc[:{——'

Lot # 00%Y KIA® Lot # OFTTX T
Exp. _&-9¢- Exp. (R -92.3

pH :
Brand LQF'& -
Lot #
Exp.

CONDUCTIVITY STANDARD SOLUTIONS

200 umhos: ' 720 umhos: » pmhos:
Brand Brand &«_«gg)_f_—a—w Brand _ / $4
Lot#:% < Lot # E oS+t Lot # U E
Exp. _f/— E% Exp. s« Exp.

l_\LKALINITY TITRATION

Sulfuric Acid Solution N/50;
Brand l!mlliudl-r‘u‘:f"
Lot # A3 Hpd
Exp. de

- HARDNESS TITRATION

Hardness Titrating Solution: Hardness Indiczgor: Hardness Buffer Solution:
Brand G4/ Brand (el Brand g'_f-ﬂ*‘ié- 2D S
Lot # o0 Lot # O[99 Lot # _RAfoCtle D
Exp. Endel EXp. _Zw Exp. s -F_

CHLORINE TITRATION

DPD Powder Pillows: Potassium Iodide: FAS: _ )
Brand Brand Fighe~_ Brand _@___I_S_”C k-

lot # 03 Cm Lot # : Lot # _ EoR Y
Exp. |‘;£‘% Exp. L~ Exp. _F-20-35

PLARC501-632




ATTACHMENT III

CR-ERP AMBIENT WATER TOXICITY STUDY
Reference Toxicant Test Information



Chronic Reference Toxicant Test

Fathead Minnows - ARL

Teat §#

VW @ A R W N e

B o o A b W W W W W W oW W W w NN [ ST I~ ] NN NV NN e [
Vi & W N 0V O NGB W R W N MO VWO S a WA W R = O L =R e~ <A : 5

Date

o1/18/90
02/08/%0
02/21/90
03/07/90
03/28/90
04/23/90
05/10/90
06/06/90
07/09/90
0s/02/90
09/06/90
10/10/%0
10/31/90
11/27/90
01/03/91
02/06/31
02/28/91 -
03/25/91
05/02/91
05/30/91
07/12/91
08/02/91
09/03/91
10/02/91
10/30/91
12/02/91
01/09/92
01/29/92
02/27/92
04/06/92
04/30/92
05/27/92
07/07/92
07/28/92
08/27/92
09/29/92*
10/27/92%
12/01/92*
01/05/93*
01/26/93*
02/24/93%
03/23/93*
04/26/93*
06/01/93~
07/06/93*~

Mean=

Suxvival
LOEC NOEC
0.05 0.02
0.02 0.008
0.125 0.05
0.05 0.02
0.05 0.02
0.05 0.02
0.05 0.02
0.05 0.02
0.05 0.02
0.05 0.02
0.05 0.02
0.05 0.02
0.02 0.008
0.05 0.02
0.05 0.02
0.125 0.05
— —o0.05 0.02
0.05 0.02
0.02 0.008
0.02 0.008
0.05 0.02
0.05 0.02
0.05 0.02
0.02 0.008
<0.05 0.05
0.05 0.02
0.05 0.02
6.05 0.02
0.05 0,02
0.02 0.008
0.02 0.008
0.05 0.02
0.02 0.008
0.05 0.02
0.02 0.008
0.02 0.008
0.02 0.008
0.05 0.02
0.02 0.008
0.008 0.003.
0.02 0.008
0.05 0.02
0.02 0.008
0.05 0.02
0.05 0.02
uﬂf;é

0.043%" o.o018

Mean=

Growth
LOEC

<0.008

<0.008
0.02
0.008
0.008
0.02
0.02
0.02
0.02
0.008
0.02
0.008
0.008
0.02
0.008
0.02

0.008.

0.008
0.008
0.008
0.008
0.008
0.008
0.008
0.008
¢.008

0.02-

0.008
0.008
0.008
0.008

0.02
6.008
0.008
0.008
0.008
0.008
¢.o008
g.008
0.008
0.008
0.008
0.008
0.008

0.02

0.011

NOEC

0.008
0.008
0.008
0.003
0.003
0.008
0.008
0.008
0.008
0.00&
0.008
0.003
0.003
0.008
0.003
6.008
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.008
0.003
0.003
0.003
0.003
0.008
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.008

0.004

IC25

0.0109
0.0089
0.0067
0.0059
0.0085
0.01
0.0059
0.0078
0.0061
0.0061
0.006
0.0068
0.0056
0.0039
0.0052
0.0056
0.0055
0.0074
0.0119

0.0071

Corxective Action Taken

*0.003 was significant

* started using less than

24hxr old fish

**figh were 24hrs & 53mins



Chronic Reference Toxicant Record Sheet

Study Ju&b Ralloy  MUS
Test Organism__Fazdhea

Beginning- Date/Time_0)-0bL-93 //6-5-3

Ending Date/Time___67-13-93 /Iooo

Personnel K.n(,\d', R oq et d

Toxicant Co.
Source € ?\A
Lot #__ 3%

Concentration S0 e ‘ mb

Stock Concentration(s) (deR 0.3 0.9, 24 , L0, IS-O.M}L
Test Concentrations_(edrol , g.00l, 0.c03 , 0.00¢ ,0.02, 0.6S

Dilution Water [h medom

‘Spawn Dater Tile # Hatch Date

07-01-:93 C 18,1920 22, 00,1 01-05-63 Al 1000, Bel Oco o Q7-0L7%3
07-01-493 12, 44 1. o

Test § 45 e
NOEC__ o.oof O
LOEC__o. 02 '#'/63 /9
Notes:

Lo waa ez 29 b SSM;U '7//_#,9_/ &D\

o7-06" "'3 /.\{'{» A '

= 0.o0n4
T,

]
Wl e Y 7,_]40 I
S S

- iz,




— Number Alive —

f : FATHEAD MINNOW LARVAL SURVIVAL AND GROWIH TEST Page _| of i
StuJyJ?Rgﬂnx #YS personnel _Kinay )
Beglnnlng Date/Time ;)-0k-93 /1053 Ending Date/Time 07-13-63/ic0q Riyne 0

;y,Fgu-Treatment Rep > > 3 DZV 5 6 7 _}
C‘{AgrltrQ. ! lo o Jo o jo le " Notes:
b fediit . - 2 0 " lo (0 o fo r
3 0 10 10 /9 10 10 /0
4 jo fo 10 {9 ) fu /e
By: Cert Gt Cat e | e At (o
0.00] 1 [0 i o [0 /10 (v e
2 o 2] /0 "~ ) o e
3 jo lo /o 1 10 7o 0
4 10 lo 1o (o v /o I

By: (et G GE | e | Lt e | Gt

0-603 ‘ o | 1o lw [0 | [0 | p
2 10 16 10 [0 v re
31 4o jo | 1o o /0 s e
4 jo 10 {o 1o Ju e 1.
By: GLE /a;c G::& w (R "3 e (et
0.00¥ ! 10 | jo | te /0 | s0 2
2 ol fw Lw |20 ||t
3 0o | 0 e |10 (0|
N Y22 2o, |0 /0 , | L0
. R A Y P {GRE | o
0.02 V1o e o | £ | ¥
2 /10 /s 11O 1 A 2 0 | 0
3 w 1.7 fie 149 19 g Py
4 10 o o |0 |22 |70 |2
By: | Gt ki [Faed ek | ek o au | esk)
0.08 ! 9 g T 17 / / o
2 @ lpe |9 |2 |¥ |y |8
3 2 | s0 o |9 7 |5 |5
4 @ | o 919 | | 7
By: [Gpx [ GKE | I |GKK _C-rk/J GAE [ bn
8 1 2z 3. 4. 6
Fed- Time/By: Ools /et _Q_&i&/g& _gzgjc&g ‘ﬁZ@" Q.u/;;;[ Vo fea
o1tk MJGKK__ZQK&,_U__&MM _[la)/GkL W fow
150 e ]Zé’}m 1So/Dp (3 50/1)4' E30/o

Dilution Water ID: 373 i3] 4373 121 ' mq' 1388 1399
(PLARC501-257) Reviewed By: _Cuz G Cet OAL - cue (ot




Analysis of Survival

REFTOX #45
Starting Date: 07/06/93

Replicate
Treatment 1 2 3 4 5 6 7 8 9 10 Mean
CONTROL 1.00 1.00 1.00 1.00 1.00
0.001 1.00 1.00 1.00 1.00 . . . . 1.00
0.003 1.00 1.00 1.00 1.00 . . . . . . 1.00
0.008 1.00 1.00 1.00 1.00 . . . . . . 1.00
0.02 0.80 1.00 0.80 1.00 . . . 0.90
0.05 B 0.60 0.80 0.50 0.70 0.65
Steel’s Many-One Rank Test
No. of Critical
Treatment Replicates Rank Sum Rank Sum*
0.001 4 10 18
0.003 4 10 18
0.008 4 10 18
0.02 4 10 14
0.05 4 i0 10 *

* Values less than Critical Rank Sum significantly less than the
control (CONTROL ).




Analysis of 7-day Larval Growth Test
REFTOX #45
Starting Date: 07/06/93
Analysis of Dry Weight (mg) Data Dunnett’s Test

No transformation applied before data analysis.
For this set of data, the minimum significant difference is 0.03

This represents a 8.00 % reduction in Dry Weight (mg).

T = 2.36 ALPHA = 0.05

Replicate
TREATMENT 1 2 3 4 5 6 7 8 9 10 MEAN S
1 CONTROL 0.45 0.40 0.42 0.41 0.42
2 0.001 0.48 0.47 0.49 0.46 . . . . . . 0.47
3 0.003 0.49 0.49 0.52 0.54 . . . . . . 0.51
4 0.008 0.43 0.45 0.42 0.47 . 0.44
5 0.02 0.18 0.15 0.15 0.14 0.16 *
Asterisk (*) indicates values significantly less than control (CONTROL) .
Analysis of Variance

Source DF Sum OF Sq. Mean Sqg. Calc F F(0.05)

Among 4 0.320 0.080 197.420 0.0001

Within 15 0.006 0.000 .

Total 19 0.000




THE NUMBER OF RESAMPLES IS 80 i

*%% LISTING OF GROUP CONCENTRATIONS (% EFF.) AND RESPONSE MEANS **x

CONC. (%EFF) RESPONSE MEAN MEAN AFTER POOLING
.000 e _ .468
.001 .474  .a68
.003 .508 C 468
.008 .444 ' .444
.020 .154 .154
.050 .087 : .087

THE LINEAR INTERPOLATION ESTIMATE OF THE TOTAL IMPACT CONCENTRATION
FROM THE INPUT SAMPLE IS .0119.-

.050 .087 .087

THE LINEAR INTERPOLATION ESTIMATE OF THE TOTAL IMPACT CONCENTRATION
FROM THE INPUT SAMPLE IS .0119.

hhkhkhkkhkhhhhkhhkhkhkhhkhhkrkrdbddbrrhbhrhdhdhkhkkhddhhdddhkhkhhhkdhrhkrhhdhhhhhd

* BOOTSTRAP PROCEDURE TO ESTIMATE VARIABILITY *

* : OF THE ESTIMATED ICp *
Khkhkhhkhhhhhkhhhhhhhhkhhhhhkhhkhhhrhkhhhhkhkhhhhkhhkhkkkdhkhkkrkkk

THE MEAN OF THE BOOTSTRAP ESTIMATES IS .0118.
THE STANDARD DEVIATION OF THE BOOTSTRAP ESTIMATES IS .0003.

AN EMPIRICAL 95.0% CONFIDENCE INTERVAL FOR THE
BOOTSTRAP ESTIMATE IS ( .0112, .0124).

C:\BCOTSTRP>
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Chronic Reference Toxicant Test

Coxio - ARL
Test #  Date
1 01/24/90
2 03/23/90
3 03/29/90
4 05/05/90
5 05/10/90
6 06/11/90
7 07/06/90
] 07/17/90
9 0s/o1/90
10 09/06/90
11 11/06/s0
12 11/27/90
13 01/10/91
14 02/8/91
15 03/16/91
16 03/27/91
17 05/02/921
18 05/31/91
19 07/12/91
20 08/01/91
21 09/04/91
22 10/03/91
23 10/30/91
24 12/03/91
25 01/09/92
26 01/29/92
27 02/27/92
28 04/07/92
29 05/01/92
30 05/28/92
31 07/07/92
32 07/31/92
33 08/27/92
34 09/30/92
as 10/27/92
a6 12/01/92
37 01/05/93
38 01/26/93
39 02/24/93
40 03/23/93
41 04/27/93
42 06/01/93
43 07/12/93

Survival
LOEC NOEC

0.02 0.008

0.05 0.02

0.05 0.02
void

0.05 0.02
void
void
void

0.05 0.02

0.05 0.02

0.02 0.008

0.05 0.02

0.05 0.02

0.05 0.02

0.05 0,02

—_— - 0.05 . _0.02

0.05 0.02

0.05 0.02

0.05 0.02

0.05 0.02

0.05 0.02

0.05 0.02

0.05 0.02

0.0S 0.02

©.05 0.02

0.05 0.02

0.05 0.02

0.05 0.02

0.05 0.02

0.05 0.02

0.05 0.02

0.05 0.02

0.05 0.02

0.05 0.02

0.05 0.02

0.05 0.02

0.05 0.02

0.05 0.02

0.05 0.02

0.05 0.02

0105 0.02

>0.05 0.05

0.05 0.02

0.05 0.02

Mean= 0.05 0.02

Mean=

IC25

0.0157
0.0119
0.0107

0.022
0.0185
0.0111
0.0254
0.0275
0.0275
0.0272
0.02292
0.0284
0.0116
0.0187
0.0258
0.0123
0.0142
0.0297
0.0255

Reproduction
LOEC NOEC
>0.008 0.008
0.05 0.02
0.05 20.02
0.05 0.02
0.008 0.02
0.02 0.008
0.008 0.003
0.05 0.02
0.02 0.008
0.02 0.008
0.02 0.008
0.02 0.008 .
0.05 0.02
0.05 0.02
0.02 0.008
0.02 0.008
0.02 0.008
0.02 0.008
0.02 0.008
0.02 0.008
0.05 0.02
0.02 0.008
0.02 0.008
0.02 0.008
0.02 0.02
0.008 0.003
0.02 0.008
0.05 0.02
0.05 0.02
0.05 0.02
0.05 0.02
0.05 0.02
0.05 0.02
0.02 0.008
0.02 0.008
0.05 0.02
0.02 0.008
0.02 0.008
0.05 0.02
0.05 0.02
0.03 0.01

0.0203

Corrective Action Taken
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Chronic Reference Toxicant Record Sheet

3 -
stuay oo Relles NG P42 Beded (R Moo i)

¢re 62-210 3

Test Organism_ (e

Beginning Date/Time_(.3.12:43 /u’;.?s‘

Ending Date/Time 07- 13-92 //c-'zs

Personnel £, cec0Q

-

Toxicant (.

Source FPA

Lot ¥ I%¢

Concentration 50 g /L

8tock Concentration(s) (pckef, 0.2 08 29, Lg 150 meflen

Test Concentrationsg‘h&; 0%c1, 0.603 _6.005  0.62 ,0.¢¥

Dilution Water Cnriched Cee mediia "‘/IO'/.TK,}Se

Released From
Date Time
01-11-93 1300

GL - 2453

Test ¥_Y43 uz
NOEC__ 0.0~
LOEC o .08

Notes: ., - _
IC,;: 0.0288

Date
0).12-73

il

— g re—
e

=3
e
=
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«*° CERIODAPIINIA. SURVIVAL AND REPRODUCTION TEST Page 1 of
Study: Relles R} Mud #4243 Personnel: 4% . ev T
Beg]nning Date: o). 1243~ Time: 0933 R,
. Ending Date: 0. 15-53 Time: _ja28
‘o --—- Number of Young/Day -—

! ; By QL | e 'M | et I(Mz_ P eue | | | Total
RN Treatment ====az==| |Sssssssssssases = Young
'?1’. *‘Lh‘;‘ " Rep. 1} 2] 31 a4} s 1| & | | 8 |
P (1 ==
5 O NOSPA: o e e o T4 16 Jia | ] ] 2

sl 2 [ 1V 17T 13 Je 19 1 1 1 18
T | 3 | | | |3 s 12 | | | D)
[ 4 | | | Ld e 1 | | I | 21

z 5 1l | .y .l lo | | | |
6 |l | + |3 14 | ] | “q
1 3 5 ¢ 3
8 y L 1 \

. 9 el & 10 1)

o 10 - _ L q 9 § 1

o L econ 1 o v Y y it a3

(2 2 K d I 1
3 T e Y | | 1]
4 1] Lg 1¢ w | | | |_ax
| 5 i I lo e lo | | | | b
6 3 b b | 15
1 ] 0 ° 3 | 2
8 y b 1 | 11
9 . b to | i
10 et M i 0 & ! G Ly
X 1 e o o 14y g 4 )1
&) 2 Q d | 1
3 { ¢ _la 2\
L4 | | L |y | l | [
|5 1| 4 b lo | | I | 1o
6 3 b g 1}
1 3 ) 4 13
| s |l | [ o I I | | | 15
I 9 |l | | s |2 |§ |- l | | it
10 - - 2 z 1 13 E})
;s 0. C.ol 1 2 o g z d o )
| 2 1] | 3 1s Jeo l | ¢
|3 1l | d 12 1n | l 2).
4 3 | & 0 | | q
5 d ] o | | 1o
6 |l | | ld 16 |97 | | | 14
1|l | L 13 1w ¥ | | | V)
8 |l I | g 1w 1§ | | | | 12
9 I | y 1o |y | | | | 24
10 JI & | *~ - 3 1o jH | ] | L
0 1 2 3 4 S 6 1 8
Chow ID#: Rde’? (962 ASal Aot s Bda ' A Go
Algae 108t 'z WU Aades nénz‘;s B3 g Ue bl
Dilution Water ID#: 135D  _13%0 j362 132 (302
Reviewed By: G«  Cur (e e Cur e

Notgs : PLARCS501-310




C],H"'is :

¢VCERIODAPHNIA SURVIVAL AND REPRODUCTION TEST Page .2 of
study: Refle Reled S ¥ g3 ] Personnel: _fusace® — 0 T
Beajnning Date: __ (7-12-6R Time: _Q63s AiZ
Ending Date: o1-14 a3 Time: _{o2¥
-—~ Number of Young/Day -—
Treatment LY e Joe dgy Toe ey lee | Lo Jotal
Rep. 1] 2] 3] a1 5] 61 11 8] g
0.02 1 e |l o 3 s 1 & 1 | | I
2__ |l 1 1 0 +~ |o | | | la |
| 3 |l | [ [y 1% 1« | | | |
4__|I I | [ 17 o | | | T
5 || I I ls 16 o | | | |4 |
l 61l L[ 1= |4 Jo | | | L |
1 I | s L ¢ 1 |
8 | K o) q | 20 |
9 v ) ¢ | 19 |
10 A . 1 3 L 9 w I(Eft%
0.0% 1 C/p | | = | 7o |
, 2 /o —- - | e |
3 p - el | | : 7 |
4 0 o9 —f—-] | | : o |
b 5 1l g 1©° o Jofo - - | l [ - ° |
6 o 0 o 1 4 3 q |
- 1 olo [eeal— 1.7 Jo l
8 ) O o °/p | - L | = Y |
9_ °/5 : S N N R
10 - o JO |3 1 g W |
1 (1124 |
2 01363 |
3 |
Il a4 || | | | | l | | | |
L s i ] | l l | | | | |
6 |
1 |
|8 i [ | | | l | | | I |
- 9 1 | L1 | | l | | | |
10 |
1 |
| L2 |I | i | | | | | |
| L 3 1l | | | I | | | |
4 | | | |
5 I l l |
|6 i I | | | | | | | | I
|1 il l | | | | l | | [ I
I 8 ] | | L1 | | |
| 9 | | l ] l | [ |
10 __|I I | | | l ] | | |
1) 1 2 3 4 5 6 1 8
Chow T0#: 1) "2 n,_; w2 A Men'S Har %8 g oY gi;g!”l
Algae 10#: Hycle®e v\.rsm!‘L ASk2s nﬁrga“z M 8.3 mig,,w,
Dilution Water ID#: %0 VW0 1332 13f2 1342 (35
Reviewed By: _funz (e Cub G o Cut Cuc

Notes: PLARC501-310




Analysis of Reproduction (# young/female/6 days)

REFTOX #43
Starting Date: 07/12/93

Replicate
Treatment 1 2 3 4 5 6 7 8 9 10 Mean
1 CONTROL 22.0 18.0 10.0 21.0 11.0 9.0 8.0 17.0 22.0 19.0 15.70
2 0.001 23.0 7.0 17.0 22.0 6.0 15.0 3.0 17.0 19.0 11.0 14.00
3 0.003 21.0 10.0 21.0 16.0 10.0 17.0 18.0 15.0 18.0 22.0 16.80
4 0.008 12.0 8.0 22.0 9.0 10.0 18.0 17.0 18.0 19.0 14.0 14.70
5 0.02 16.0 2.0 20.0 11.0 9.0 6.0 19.0 20.0 19.0 18.0 14.00
Steel’s Many-One Rank Test
No. of Critical
Treatment Replicates Rank Sum Rank Sum*
0.001 - 10 76 97.0
0.003 10 76 107.5
0.008 10 76 98.5
0.02 10 76 96.5

* Values less than Critical Rank Sum significantly less than the
control (CONTROL ).




-\; "il"\‘ e ! i ]

THE NUMBER OF RESAMPLES IS 80

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

CONC. (%EFF) RESPONSE MEAN MEAN AFTER POOLING
.000 15.700 15.700
.001 14.000 15.400
.003 16.800 15.400
.008 14.700 14.700
.020 14.000 14.000
.050 1.900 ’ 1.900

THE LINEAR INTERPOLATION ESTIMATE OF THE TOTAL IMPACT CONCENTRATION
FROM THE INPUT SAMPLE IS .0255. N

.050 1.900 1.900

THE LINEAR INTERPOLATION ESTIMATE OF THE TOTAL IMPACT CONCENTRATION
FROM THE INPUT SAMPLE IS .0255.

AERKAKRKhkA I I Tk hhohkhkhkhkrkrhkhhddhhhhhhkddbbhrhhhddbhdhdhhhdrrrhrhrk

* BOOTSTRAP PROCEDURE TO ESTIMATE VARIABILITY *

* OF THE ESTIMATED ICp *
hhkhkhhhhhkhhkhhhhhhrhhdhhhkhkkhkhkhhhhkdhhhkhkhdhhhhhdhhhhkkkrhkkdkx

THE MEAN OF THE BOOTSTRAP ESTIMATES IS .0234.
THE STANDARD DEVIATION OF THE BOOTSTRAP ESTIMATES IS .0044.

AN EMPIRICAL 95.0% CONFIDENCE INTERVAL FOR THE
BOOTSTRAP ESTIMATE IS ( .0130, .0288).

C:\BOOTSTRP>
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INITIAL CHEMISTRY
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