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April 16. 1997
Joseph J Hoagland, CTR 1K-M

MAAP WETLANDS PROJECT, WINTER EFFLUENT TESTING, 1997

Attached is the subject report for the winter toxicity study, conducted
January 15-22, 1997. '

Toxicity was demonstrated in samples from the well (1C,,=19.6% for fathead
minnows and 13.6% for daphnids) and the discharge and duplicate samples from
both the gravel and lagoon wetlands (based on T-Test comparisons).

Please call me at (205) 729-3342 if you have questions or comments.

Damien J. Simbeck
Biologist

Toxicity Testing Laboratory
TTL 1A-BFN

DJS

Attachment

cc (Attachment):
R. A. Almond, CEB 4C-M
H. S. Coonrod, WET 1A-M
F. J. Sikora, CEB 1C-M
J.R. Trimm, CEB 1E-M
Files, WM, CST 17B-C

Memo0197.doc




STANDARD REPORT FORM

TOXICITY BIOMONITORING USING PIMEPHALES PROMELAS
(FATHEAD MINNOW), AND CERIODAPHNIA DUBIA (DAPHNIDS)

Study: MAAP Wetlands Project, Winter Testing 1997
Principal Investigator: Damien J. Simbeck

Starting Date: January 15, 1997

Ending Date: January 22. 1997

1.0 EXECUTIVE SUMMARY

During Phase I of the Milan Army Ammunitions Plant (MAAP) constructed
wetlands project, simulated constructed wetlands (20-L aquaria) were used to test
the efficiency of TNT breakdown by gravel-bed and lagoon type wetlands.
Toxicity tests using the daphnid, Ceriodaphnia dubia, indicated toxicity in water
samples from several treatment regimes, including all lagoon type aquaria. Some
treatment regimes, all with gravel substrate, demonstrated no toxicity. [1] Phase
II of this project involved the construction of full sized wetlands at the MAAP
site. Since no information pertaining to the toxicity in the site well water was
obtained during Phase I of this study, site water was tested during Phase II, using
both fish, Pimephales promelas, and the daphnid. Seasonal studies are to be
conducted from this site to determine if seasonal differences in plant growth
would change toxicity. This report summarizes results of the first seasonal study,
conducted during the winter, 1996-97.

Toxicity was demonstrated in water samples from the site well (Fish IC,=19.6%;
Daphnid IC,;=13.6%). Toxicity was reduced after the site water was passed
through both type treatment cells, however toxicity was more greatly reduced
after treatment in the gravel wetlands (Fish survival 18%, Daphnid reproduction
33.3 young [no toxicity]) versus the lagoon system (Fish survival 0%; Daphnid
reproduction 17.5 young).

Because testing demonstrated toxicity in both the lagoon and gravel discharges,
definitive testing will be conducted from these sites. IC,; values will be
calculated to determine to what extent toxicity is reduced after each treatment.
Comparisons will be made of water analyses (metal and TNT by-products) to
attempt to define a cause for the toxicity.




SAMPLE COLLECTION/TREATMENTS

Test Sample Identification (Chemical/Effluent/Elutriate, etc.): Test samples were
whole water samples collected from the Milan Army Ammunition Plant (MAAP)
site. Samples were collected from the inflow pipe (well) and from the discharge
pipes of both the gravel and lagoon wetlands. Duplicate (QA) samples were

Control and/or Dilution Water: Moderately Hafd Synthetic Water (MHSW) was
used as control and dilution water for all tests (modified for daphnids; see

Test Treatments: The well sample was tested in a serial dilution test with
dilutions of 12.5, 25, 50, 75 and 100 percent. Since the initial pH of this sample
was below the EPA required limits (6.0-9.0 S.U.), a second 100 percent sample
was tested after the pH was raised into the acceptable range. A pH adjusted
control (adjusted to same pH as the adjusted well water) was included in the test
to determine possible effects of the pH adjustment. The gravel and lagoon
discharge samples and the duplicate samples were tested at 100 percent only. The
fish test was a single test with unadjusted and pH adjusted controls. The daphnid
tests were conducted as two separate tests with separate controls. The well water
test included the pH adjusted sample and adjusted control. The gravel and lagoon
discharges and duplicate samples were tested together with a single control.

Culture Water: Culture medium consisted of MHSW. Reagents for MHSW were
added to Milli-Q UF product water. Water was passed through a packed column
degasser to bring dissolved oxygen gasses to near saturation. Culture medium
was continuously aerated to help ensure aseptic conditions. Total hardness was

2.0
2.1

collected from both discharge pipes.
22

Section 3.2.2).
23
3.0 TEST ORGANISMS/CULTURE CONDITIONS
3.1 Species: Pimephales promelas, Fathead minnow
3.1.1 Source: Inhouse culture, TVA, Toxicity Testing Laboratory
3.1.2

approximately 95 mg/L as CaCOs.
3.1.3 Temperature of Culture: 25°C + 1°C



3.2
3.2.1

322

3.23

324

General Maintenance: Adult fathead minnows are maintained in glass aquaria in
a flow-through recirculating system. Flow rate to aquaria used for spawning is
approximately one aquarium (5-gal) per hour. Approximately 20 percent of the
system water is replaced twice weekly. Adults are fed three times daily.
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 testing.

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 3-4 months, a group of the same age
fish from at least three spawns are reared to adults for replacement spawners.

Spawn Dates: January 10-11, 1997

Hatch Dates: January 14, 1997/1520 CST to January 15, 1997/1250 CST
Diseases and Treatment: none

Food and Feeding: Larvae are fed brine shrimp (4rtemia sp.) nauplii <24-h old
beginning after hatching to ensure food availability if larvae begin feeding prior
to test initiation.

Species: Ceriodaphnia dubia, daphnid
Source: Inhouse culture, TVA, Toxicity Testing Laboratory

Culture Water: Culture medium is MHSW containing trace elements,
macronutrients, and vitamins (modified from Elendt and Bias, 1990). [2] Water
used for culture contains EDTA, while water used for test control and dilution
does not.

Temperature of Culture: 25°C + 1°C

General Maintenance: Adults used to produce neonates for test initiation are
typically 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, and a
record is made of their reproduction. Their fourth brood is generally the second
brood with 8 or more young and is the brood preferred for test initiation.




3.25

4.0

Food and Feeding: Ceriodaphnia are fed food made according to methods
modified from EPA/600/4-89/ [3]

In addition to the yeast/alfalfa fish food recipe, the alga Selenastrum
capricornutum concentrated to 30 x 10° cells/mL is also fed as part of the regular
diet. Individual animals contained in cups with 15 mL medium are fed 0.1 mL of

food and 0.2 mL of algae at renewal.

TEST METHODS

4.1

4.1.1

415

4.1.6

4.1.8
4.1.9

4.1.10

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

Modifications/Amendments to Method 1000.0:

Temperatures on Days 2 and 5 exceeded the EPA recommended temperatu‘re
range of 25°C+1°C. The variations occurred randomly among the test treatments,
and did not appear to have any adverse effects on the test results.

Date/Time Test Initiated: January 15, 1997/1330 CST

Date/Time Test Terminated: January 22, 1997/1245-1305 CST

Test Chamber: 400 mL plastic cups
Volume in Chamber: 250 mL

Number of Test Organisms per Chamber: 10

Number of Replicates per Treatment: 4

Control/Dilution Water: Moderately Hard Synthetic Water
Renewal Period: 24-h

Test Temperature: 25°C + 1°C

Feeding Regime During Test: Fathead larvae were fed brine shrimp (4rtemia)
nauplii <24-h old three times daily ad libitum.




4.1.11

4.1.12

4.2

4.2.1

4.2.1.1

4212

4.2.13

4.22

423

424

4.2.5

4.2.6

4.2.7

4.2.8

Physical and Chemical Parameters Measured: Parameters measured daily
(initially) on fresh samples were temperature (temperature was adjusted to equal
“final” temperature before renewal), DO, pH, and conductivity. Alkalinity and
hardness were measured on the control, and 100 percent samples each time a new
sample was used. Final measurements taken daily before renewal were
temperature, DO, pH and conductivity in one replicate per treatment. Mean
values and ranges are reported in Section 6.3.

Statistics: Statistical analyses consisted of IC, calculations using the EPA
Bootstrap statistical program for the well sample. T-tests were run using Toxis®
and SAS software to determine the significance of effects in the gravel and
lagoon discharge and duplicate samples since samples verses controls.
Ceriodaphnia Survival and Reproduction Test, EPA Test Method 1002.0 [3]
Modifications/Deviations to Method 1002.0:
Modified culture medium (see Section 3.2.2)
Feeding regime (see Section 4.2.10)
Temperatures on Day 6 exceeded the EPA recommended temperature range of
25°C£1°C. The variations occurred randomly among the test treatments, and did
not appear to have any adverse effects on the test results.
Date/Time Test Initiated:
Well Sample January 15, 1997/1120-1130 CST
Discharge/Duplicate Samples January 15, 1997/1040-1050 CST
Date/Time Test Terminated:
Well Sample January 21, 1997/1115-1135 CST
Discharge/Duplicate Samples January 21, 1997/1030-1050 CST

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

Number of Organisms per Chamber: 1
Number of Replicates per Treatment: 10
Control/Dilution Water: Modified MHSW

Renewal period: 24-h
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4.2.12 .

5.0

Test Temperature: 25°C + 1°C

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

Physical and Chemical Parameters Measured: Parameters measured daily
(initially) on fresh samples were temperature (temperature was adjusted to equal
“final” temperature before renewal), DO, pH, and conductivity. Alkalinity and
hardness were measured in the control, and 100 percent samples each time a new
sample was used. Final measurements of temperature were taken daily in 10
randomly selected cups when 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.

Statistics: Statistical analyses consisted of IC, calculations using the EPA
Bootstrap statistical program for the well sample. T-tests were run using Toxis®
and SAS software to determine the significance of effects in the gravel and
lagoon discharge and duplicate samples since samples verses controls.

QUALITY ASSURANCE

5.1

5.2

5.2.1

5.22

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 described in this report, the TTL Quality Assurance Plan and SOP Manual, and
EPA/600/4-91/002. [3] Any known deviations were noted during the study and
are reported herein.

Physical and Chemical Methods

Reagents, Titrants, Buffers, etc.: All chemicals were certified products used
before expiration dates (where applicable). All TTL chemicals are recorded in a
bound Laboratory Chemical Logbook and specific chemicals used were
documented on a chemical record sheet contained in the study folder.

Instruments: All identification, service and calibration information retaining to
TTL laboratory instruments is contained in bound Laboratory Instrument
Logbooks and specific instruments used were documented on an instrument
record sheet, along with daily calibration record sheets, contained in the study
folder.
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5.2.6

5.2.7

5.2.8
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5.3.1

53.2

0533

534

Temperature was measured using mercury thermometers. The instrument was
standardized and inspected with readings made according to TVA procedure ES-

42.11. [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 ES-43.6 and ES-42.4, respectively. [4]

The pH was measured using an Orion Model 250 meter equipped with an Orion
Ross combination electrode. The instrument was standardized and readings were
made according to TVA procedure ES-43.7 and ES-42.8, respectively. [4]

Conductance was measured using a YSI Model 32 SCT meter. The instrument
was standardized and readings were made according to TVA procedures ES-43.3
and ES-42.3, respectively. [4]

Alkalinity was measured by titration of 100 mL samples with 0.02 N H,SO, to an
endpoint of 4.5 according to TVA procedure ES-42.1. [4]

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

Total residual chlorine was determined using the DPD Titrimetric Method
according to TVA procedure ES-42.9, Rev. 0. [4]

Reference Toxicant Tests

Test Type: Fish -- 7-day chronic (IC,;)
Daphnids -- 7-day chronic (IC,,)

Standard Toxicant Used: Sodium Chloride
Source/Brand: Fisher

Dilution Water Used: MHSW - fish chronic and modified MHSW - daphnid
chronic

Statistics: Chronic Test, IC25 - EPA Bootstrap Procedure, Toxis®




6.0 RESULTS

6.1 Fathead Minnow Larval Survival and Growth Test
6.1.1 Summary of Results:
Toxicity was demonstrated in the well sample, resulting in an IC,; of 19.6%.

Survival in both the gravel and lagoon discharges, as well as the duplicate
samples, was significantly reduced.

6.1.2 Results, Survival and Growth Data:
Survival (%) Dry Weight (g)
Dav Replicate

Treatment 1 2 3 4 5 6 7 1 2 3 4 Avg
Unadjusted Control {{ 100 | 100 | 100 | 100 } 100 | 100 | 98 {{ 0.30 | 0.28 { 0.31 | 0.27 {| 0.29
Adjusted Control 100 | 100 | 100 | 100 | 100 | 98 | 98 |} 0.31 | 0.32 | 0.28 | 0.33 || 0.31
Well 12.5% 100 | 100 { 100 {1 100 | 100 [ 98 | 98 |] 0.29 | 0.28 | 0.26 | 0.25 | 0.27
Well 25% 98 | 98 | 98 | 98 | 95 | 88 | 88 || 0.19 | 0.21 | 0.12 { 0.18 |{ 0.18
Well 50% 80 | 70 | 60 | 18 13 3 3 0.00 | 0.00 | 0.00 { 0.00 || 0.00
Well 75% 33 13 0 0 0 0 0 |} 0.00 { 0.00 | 0.00 | 0.00 || 0.00
Well 100% 0 0 0 0 0 0 0 0.00 | 0.00 | 0.00 | 0.00 || 0.00
Well 100% adjusted 0 0 0 0 0 0 0 |{0.00 | 0.00 { 0.00 | 0.00 {| 0.00
Gravel Discharge 100 | 75 | 38 { 23 | 20 18 | 18* 3] 0.31 | 0.19 { 0.30 | 0.00 §| 0.20
Lagoon Discharge 88 | 48 | 45 15 3 3 0* {1 0.00 | 0.00 | 0.00 | 0.00 || 0.00
Gravel Duplicate 100{ 75 | 43 | 28 | 23 | 20 | 15* ]} 042 | 0.00 | 0.22 | 0.11 || 0.19
Lagoon Duplicate 63 | 48 | 30 | 15 5 3 0* | 0.00 { 0.00 | 0.00 | 0.00 || 0.00

Well IC,=19.6%
*Gravel Discharge and Duplicate, Lagoon Discharge and Duplicate-all significantly
reduced based on T-Test.

6.2 Daphnid Survival and Reproduction Test

6.2.1 Summary of Results
Toxicity was demonstrated in the well sample, resulting in an IC,; of 13.6%.
Reproduction in the lagoon discharge and duplicate samples was significantly

reduced, while no toxicity was demonstrated in either the gravel discharge or
duplicate samples.




6.2.2 Results, Survival and Reproduction Data:
Survival (%) Reproduction (young/female)
) Day Replicate
Treatment T | 2 ]3] 456 1123 [4]5]6]7]8[9]10]Ave

Unadjusted Control |} 100 | 100 { 100 | 100 | 100 | 100 || 29 | 36| 35 |30 |32 { 35|28 {34 36|37} 33.2

Adjusted Control 100 [ 100 | 100 | 100 | 100 | 100{§34 | 33 | 34 | 33 { 34 |-34 [ 33 | 36 [ 37 | 41 || 34.9

Well 12.5% 100 | 100 | 100 | 100 | 100 | 100 || 27 | 29 | 24 | 25 | 26 | 25 |22 | 24 | 28 | 27 || 25.7

Well 25% 100 [ 100 | 100 | 100 | 100 § 100} S |16 | 18 | 18 J20 | 19 (12| 19|23 | 14 164

Well 50% 100 | 100 | 100 { 100 | 100 | 1004 O | 3 | O [ 2 | 1 1 11313713 1.7

Well 75% 100 [ 100 { 100 | 100 | 100 ] 90O }JO }JO | O O] OJO}JO}O} O] O] 00

Well 100% 40 (1010101011040l 0j0f[0jOjO[O]O0f[O0} O 00

Well 100% adjusted §J 100 { 10 { 10 [ 10 { 10 | 1OffO [0 ]JOfJO|]OJOfJO]O] O[O 00

Well IC,;=13.6% |

Survival and Reproduction Data, continued.

Survival (%) Reproduction (young/female)
Day Replicate
Treatment 1 2 3 4 5 6 P12 (314|567 1]1819 |10] Avg [

Control 100 | 100 | 100 | 100 | 100 } 100{§34 | 33 |33 | 35|36 ]35(33|33[33]36{ 34.1

Gravel Discharge 100 | 100 | 100 | 100 { 100 | 100 {428 { 35132 |36 {3733 |33|36]31(32] 33.3

Lagoon Discharge |} 100 | 100 | 100 | 100 | 100 | 100 JJ19 [ 13 [20 )21 [ 16 | 19|21 {19 | 14 | 13| 17.5¢
1 Gravel Duplicate 100 | 100 | 100 { 100 | 100 | 100 0§25 | 36 |32 |33 {34129 |23 |34 ]33 ]34 313

Lagoon Duplicate 100 | 100 [ 100 | 100 | 100 | 100§ 18 [ 14 | 15| 18 | 19| 18 | 21 | 21 | 15[ 20| 17.9*

*Lagoon Discharge and Duplicate-all significantly reduced based on T-Test.

6.3

6.3.1

6.3.1.1

6.3.1.2

6.3.2

Ceriodaphnia: Well:

Overall Test Temperature:

Discharges

Physical/Chemical Parameters

Fathead Minnow: 25.3°C (24.5°C-26.3°C)

25.2°C (24.1°C-26.2°C)
25.2°C (24.6°C-26.2°C)

Results: Water chemistry summary for MAAP Wetlands Project, Winter Testing.

See Appendix A, Water Chemistry Mean Values and Ranges for Milan Army
Ammunition Plant Winter Toxicity Test, January 15-22, 1997




6.4

6.4.1

Reference Toxicant Tests

Summary of Results:

The most recent monthly reference toxicant tests conducted prior to the period of
this study were within control chart limits for both test species.

Species

Date

Time

Duration

Toxicant

Results
(ICy)

Control Chart
Mean

Control Chart
Range

P. Promelas
C. dubia

01-09-97
01-15-97

0900
0800

7-days
6-days

NaCl
NaCl

1996 mg/L
1336 mg/L

2157 mg/L
979 mg/L

1613-2700 mg/L
580-1378 mg/L

7.0

CONCLUSIONS

8.0

Toxicity was demonstrated in water samples from the site well (Fish IC,,=19.6%;
Daphnid IC,;=13.6%). Toxicity was reduced after the site water was passed
through both type treatment cells, however toxicity was more greatly reduced
after treatment in the gravel wetlands (Fish survival 18%, Daphnid reproduction
33.3 young [no toxicity]) versus the lagoon system (Fish survival 0%; Daphnid

reproduction 17.5 young).

Because fish testing demonstrated toxicity in both the lagoon and discharges,
definitive testing will be conducted from these sites. IC,; values will be
calculated to determine to what extent toxicity is reduced after each treatment.
Comparisons will be made of water analyses (metal and TNT by-products) to

attempt to define a cause for the toxicity.
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APPENDIX B-2

MAAP Wetlands Project, Winter Effluent Definitive Testing, 1997
(February 26-March S5, 1997 Test)

Phytoremediation Demonstration Milan AAP




May 8, 1997
Joseph J Hoagland. CTR 1K-M

MAAP WETLANDS PROJECT, WINTER EFFLUENT DEFIINITVE TESTING,
1997

Attached is the subject report for the winter toxicity definitive study, conducted
February 26-March 5. 1997.

Toxicity was not demonstrated in samples from either the gravel or lagoon wetlands
discharge samples during the definitive study (IC,s >100%). Possible causative
agents for the original study are discussed in the attached report.

Please call me at (205) 729-3342 if you have questions or comments.

Damien J. Simbeck
Biologist

Toxicity Testing Laboratory
TTL 1A-BFN

DJS

Attachment

cc (Attachment):
R. A. Almond, CEB 4C-M.
H. S. Coonrod, WET 1A-M
F. J. Sikora, CEB 1C-M
J. R. Trimm, CEB 1E-M
Files, WM, CST 17B-C

Memo0297.doc




STANDARD REPORT FORM

TOXICITY BIOMONITORING USING PIMEPHALES PROMELAS
(FATHEAD MINNOW), AND CERIODAPHNIA DUBI4 (DAPHNIDS)

Study: MAAP Wetlands Project. Winter Definitive Testing 1997

Principal Investigator: Damien J. Simbeck

Starting Date: February 26. 1997

Ending Date: March 5, 1997

1.0

EXECUTIVE SUMMARY

Toxicity to both fathead minnows and daphnids was demonstrated in samples
from the well at MAAP, as well as the gravel (minnow only) and lagoon
discharge pipes during the first study period of Phase II [1]. Since the original
study involved only screening toxicity tests for the gravel and lagoon discharges,
the severity of the toxicity could not be determined. Definitive testing of these
discharges was conducted February 26-March 5, 1997 to determine the toxicity
endpoints (toxic concentrations). This report summarizes results of the follow-up
study, conducted during the winter, 1996-97.

Although toxicity was demonstrated in water samples from the gravel and lagoon
discharges during the original study, no toxicity (IC,s>100%) was demonstrated
during the definitive test. Basic water chemistry parameters (DO, pH,
conductivity, alkalinity and hardness) were not significantly different from the
original samples.

A comparison of the results from chemical analyses of water samples split from
the first day’s toxicity samples for each study period was made to attempt to
determine the causative agent(s) of the toxicity. Comparisons revealed six
chemicals which might be responsible for the toxicity. These were manganese,
TNT, Trinitroso-RDX, HMX, RDX and TNB. Only manganese was found in
highest concentrations in the well sample, less in the original gravel and lagoon
samples and least in the follow-up samples. The concentrations, however, were
all below known toxic levels of manganese to fathead minnows and daphnids (No
Effect Concentrations (NOEC) of 8 and 4 mg/L, respectively). [2]




2.0

TNT and its by-products were found in detectable amounts in all these samples
(see Appendix A). TNT and TNB were present in highest levels in the well
sample, and in lower levels in the gravel discharge during both studies. They
were absent (<Detection Limits) in the lagoon samples from both studies.
Trinitroso-RDX was present in the lagoon samples from both studies, though
greatly reduced in the definitve study. It was absent from all well and gravel
samples. TNT and/or TNB may have caused the toxicity in the well and gravel
samples and Trinitroso-RDX in the lagoon sample. Toxic effects of these
chemicals are not known, however, so further testing of these substances would
help explain the results of these studies.

The other potential toxic compounds were HMX and RDX. HMX and RDX were
present in highest concentrations in the gravel discharges during the first study,
suggesting that they probably were not the causative agents. Also present in
detectable levels were mononitroso-RDX., 4-amino-2,6-dinitrotoluene, 2-amino-

4 6-dinitrotuluene. 2.4-dintrotoluene and 2,4-diamino-6-nitrotoluene.
Mononitroso-RDX was present only in lagoon samples during both studies, and
was higher in the definitive study. 4-Amino-2,6-dinitrotoluene and 2-amino-4,6-
dinitrotuluene were present only in the original gravel sample and in higher levels
in both definitve samples. These three were probably not causative agents. 2,4-
Dintrotoluene was present in higher levels in the well sample, lower in the
original gravel sample and absent from the original lagoon and both follow-up
samples, however the levels present in the well and original gravel samples were
not significantly different (0.06-0.07 mg/L vs. 0.05 mg/L), so it is doubtful it was
a causative agent. 2,4-Diamino-6-nitrotoluene was detectable only in the follow-
up lagoon sample. Synergistic effects may have been involved during both
studies, so it is impossible to eliminate these chemicals as potential toxic agents.
Other chemicals analyzed during these studies were not detected (<Detection
Limit).

SAMPLE COLLECTION/TREATMENTS

2.1

2.2

Test Sample Identification (Chemical/Effluent/Elutriate, etc.): Test samples were
whole water samples collected from the Milan Army Ammunition Plant (MAAP)
site. Samples were collected from the discharge pipes of both the gravel and
lagoon wetlands.

Control and/or Dilution Water: Moderately Hard Synthetic Water (MHSW) were
used as control and dilution water for all tests (modified for daphnids; see Section

3.2.2).

[88)




2.3

Test Treatments: The lagoon and gravel discharge samples were each tested in a
serial dilution test with dilutions of 12.5, 25, 50, 75 and 100 percent. The lagoon
sample was tested using both the fathead minnow and the daphnid. The gravel
sample was tested using only the fathead minnow, since no toxicity to daphnids
was demonstrated during the original study [1]. The fathead minnow test was a
single test using both dilution series and a single control. The daphnid test was a
single test using the lagoon discharge dilution series and a single control.

TEST ORGANISMS/CULTURE CONDITIONS

3.13

Species: Pimephales promelas, Fathead minnow
Source: Inhouse culture, TVA, Toxicity Testing Laboratory

Culture Water: Culture medium consisted of MHSW. Reagents for MHSW were
added to Milli-Q UF product water. Water was passed through a packed column
degasser to bring dissolved oxygen gasses to near saturation. Culture medium
was continuously aerated to help ensure aseptic conditions. Total hardness was
approximately 95 mg/L as CaCO,. '

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
approximately one aquarium (5-gal) per hour. Approximately 20 percent of the
system water is replaced twice weekly. Adults are fed three times daily.
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 testing.

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 3-4 months, a group of the same age
fish from at least three spawns are reared to adults for replacement spawners.

Spawn Dates: February 21-23, 1997

Hatch Dates: February 25, 1997/1310 CST to February 26, 1997/0930 CST

Diseases and Treatment: none

(93 )




3.1.9

32

3.2.1

322

3.23

3.24

3.2.5

4.0

Food and Feeding: Larvae are fed brine shrimp (4rtemia sp.) nauplii <24-h old
beginning after hatching to ensure food availability if larvae begin feeding prior
to test initiation.

Species: Ceriodaphnia dubia, daphnid
Source: Inhouse culture, TVA, Toxicity Testing Laboratory

Culture Water: Culture medium is MHSW containing trace elements,
macronutrients, and vitamins (modified from Elendt and Bias, 1990). [3] Water
used for culture contains EDTA, while water used for test control and dilution

does not.
Temperature of Culture: 25°C + 1°C

General Maintenance: Adults used to produce neonates for test initiation are
typically 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, and a
record is made of their reproduction. Their fourth brood is generally the second
brood with 8 or more young and is the brood preferred for test initiation.

Food and Feeding: Ceriodaphnia are fed food made according to methods
modified from EPA/600/4-89/ [4] ’

In addition to the yeast/alfalfa fish food recipe, the alga Selenastrum
capricornutum concentrated to 30 x 10 cells/mL is also fed as part of the regular
diet. Individual animals contained in cups with 15 mL medium are fed 0.1 mL of
food and 0.2 mL of algae at renewal.

TEST METHODS

4.1

4.1.1

4.13

Fathead Minnow (Pimephales promelas) Larval Survival and Growth Test, EPA
Test Method 1000.0. [4] ' ‘

Modifications/Amendments to Method 1000.0:
None
Date/Time Test Initiated: February 26, 1997/1010 CST

Date/Time Test Terminated: March 5, 1997/0945-1025 CST




4.1.4

4.1.8

4.1.9

4.1.10

4.1.11

4.1.12

4.2

4.2.1

4.2.1.1

4212

422

4.2.4

Test Chamber: 400 mL plastic cups
Volume in Chamber: 250 mL

Number of Test Organisms per.Chamber: 10

Number of Replicates per Treatment: 4

Control/Dilution Water: Moderately Hard Synthetic Wéter
Renewal Period: 24-h

Test Temperature: 25°C + 1°C

Feeding Regime During Test: Fathead larvae were fed brine shrimp (4rtemia)
nauplii <24-h old three times daily ad libitum.

Physical and Chemical Parameters Measured: Parameters measured daily
(initially) on fresh samples were temperature (temperature was adjusted to equal
“final” temperature before renewal), DO, pH, and conductivity. Alkalinity and
hardness were measured on the control, and 100 percent samples each time anew
sample was used. Final measurements taken daily before renewal were
temperature, DO, pH and conductivity in one replicate per treatment. Mean
values and ranges are reported in Section 6.3.

Statistics: Statistical analyses consisted of IC,; calculations using the EPA
Bootstrap statistical program.

Ceriodaphnia Survival and Reproduction Test, EPA Test Method 1002.0 [4]
Modifications/Deviations to Method 1002.0:

Modified culture medium (see Section 3.2.2)

Feeding regime (see Section 4.2.9)

Date/Time Test Initiated: February 26, 1997/0900-0910 CST

Date/Time Test Term_inated: March 4, 1997/0905-0945 CST

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

Number of Organisms per Chamber: 1



4.2.5 Number of Replicates per Treatment: 10

4.2.6 Control/Dilution Water: Modified MHSW -

427 Renewal period: 24-h

4.2.8 Test Temperature: 25°C + 1°C

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

4.2.10 Physical and Chemical Parameters Measured: Parameters measured daily

(initially) on fresh samples were temperature (temperature was adjusted to equal
“final” temperature before renewal). DO, pH, and conductivity. Alkalinity and
hardness were measured in the control, and 100 percent samples each time a new
sample was used. Final measurements of temperature were taken daily in 10
randomly selected cups when 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.

4.2.11 Statistics: Statistical analyses consisted of IC, calculations using the EPA
Bootstrap statistical program.

5.0 QUALITY ASSURANCE

5.1 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 described in this report, the TTL Quality Assurance Plan and SOP Manual, and
EPA/600/4-91/002. [4] Any known deviations were noted during the study and
are reported herein.

5.2 Physical and Chemical Methods

5.2.1 Reagents, Titrants, Buffers, etc.: All chemicals were certified products used
before expiration dates (where applicable). All TTL chemicals are recorded in a
bound Laboratory Chemical Logbook and specific chemicals used were
documented on a chemical record sheet contained in the study folder.




522 Instruments: All identification, service and calibration information retaining to
TTL laboratory instruments is contained in bound Laboratory Instrument
Logbooks and specific instruments used were documented on an instrument
record sheet, along with daily calibration record sheets, contained in the study

folder.

523 Temperature was measured using mercury thermometers. The instrument was
standardized and inspected with readings made according to TVA procedure ES-
42.11. [5] '

524 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 ES-43.6 and ES-42.4, respectively. [5]

525 The pH was measured using an Orion Model 250 meter equipped with an Orion
Ross combination electrode. The instrument was standardized and readings were
made according to TVA procedure ES-43.7 and ES-42.8, respectively. [5]

5.2.6 Conductance was measured using a YSI Model 32 SCT meter. The instrument
was standardized and readings were made according to TVA procedures ES-43.3
and ES-42.3, respectively. [5]

527 Alkalinity was measured by titration of 100 mL samples with 0.02 N H,SO, to an
endpoint of 4.5 according to TVA procedure ES-42.1. [5]

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 [Calgon]), Schwarzenbach Method.

5.2.9 Total residual chlorine was determined using the DPD Titrimetric Method
according to TVA procedure ES-42.9, Rev. 0. [5]

53 Reference Toxicant Tests
5.3.1 Test Type: Fish -- 7-day chronic (IC,;)
Daphnids -- 7-day chronic (IC,)
53.2 Standard Toxicant Used: Sodium Chloride
Source/Brand: Fisher
5.33 Dilution Water Used: MHSW - fish chronic and modified MHSW - daphnid
chronic '
5.34 Statistics: 1C25 - EPA Bootstrap Procedure




6.0 RESULTS

6.1 Fathead Minnow Larval Survival and Growth Test

6.1.1 Summary of Results:

No significant toxicity was demonstrated from either sample, based on IC,,
caluclations (IC,s’s >100%).
6.1.2 Results, Survival and Growth Data:
Survival (%) " Dry Weight (mg)
Day Replicate
Treatment 1 2 3 4 5 6 7 1 2 3 Avg

Control 100 | 100 | 100 | 100 | 100 | 100 | 100 |[ 0.34 | 0.31 | 0.31 | 0.38 || 0.34
Lagoon 12.5% 100 | 100 | 100 | 98 | 98 | 98 | 98 || 0.36 | 0.6 | 0.36 | 0.37 | 0.39
Lagoon 25% 100 | 100 | 100 | 100 | 100 | 100 | 100 || 0.38 | 0.47 | 0.44 | 0.46 || 0.44
Lagoon 50% 100 | 100 | 100 | 100 | 100 | 100 | 100 ){ 0.36 | 0.43 | 0.43 | 0.38 || 0.40
Lagoon 75% 100 [ 100 | 100 | 100 | 100 | 100 | 98 |[0.36 | 0.45 | 0.37 | 0.40 || 0.40
Lagoon 100% 100 | 100 | 100 | 98 | 98 | 98 | 98 |[037 [ 047 | 0.34 | 0.34 | 038
Gravel 12.5% 100 | 100 | 100 | 100 | 100 | 100 | 100 |[0.35 | 0.36 | 0.42 | 0.35 || 0.37
Gravel 25% 100 | 100 | 100 | 100 | 100 | 100 | 100 }| 0.31 | 0.33 | 0.39 | 0.39 |f 0.36
Gravel 50% 100 | 100 | 100 | 98 | 98 | 98 | 98 || 032 | 0.35 | 0.40 | 0.40 | 0.37
Gravel 75% 100 | 100 | 95 | 85 | 85 | 85 | 85 |[0.30 | 033 | 0.40 | 0.37 || 0.35
Gravel 100% 100 | 100 | 100 | 75 | 73 | 73 | 73 | 0.29 | 0.48 | 0.39 | 0.02 |{ 0.30

IC,s>100% for both samples

6.2 Daphnid Survival and Reproduction Test
6.2.1 Summary of Results

No significant toxicity was demonstrated from the lagoon sample. based on IC,,

caluclations (IC,s>100%).
6.2.2 Results, Survival and Reproduction Data:

Survival (%) i Reproduction (young/female)
Day Il Replicate
Treatment 1 [ 231 4]sTe [ 7fvT2]3]4[s5]6]7[8]9]10]Avw

Control 100 | 100 | 100 | 100 | 100 | 100 [ - |[35 |38 36|34 [35|37 (35|29 34|39 352
Lagoon 12.5% 100 | 100 | 100 [ 100 | 100 | 100 | - J{35 [ 32|37 |31 |34 3834293736 343
Lagoon 25% 100 | 100 | 100 | 100 | 100 | 90 | - ||36 |33 [34 |36 |36 |37 |38 33| 34|39 356
Lagoon 50% 100 | 100 | 100 | 100 | 100 | 100 | - |f39 36 |31 [31[25] * | 3232|3537 33.1
Lagoon 75% 100 | 100 | 100 | 100 | 100 | 100 | - |[35 |34 |27 |29 |28 | 34 | 3325|3537 317
Lagoon 100% 100 | 100 | 100 [ 100 | 100 | 100 | - {29 |28 28 [ 29 [ 23 | 31 | 26 | 29 | 30 | 34 || 287

IC,,>100%

* Animal lost, probably missed during previous day renewal




6.3 Phyvsical/Chemical Parameters
6.3.1 Overall Test Temperature:
Fathead Minnow: 25.1°C (24.2°C-25.6°C)
Ceriodaphnia: ~ 25.3°C (24.4°C-26.0°C)
6.3.2 Results: Water chemistry summary for MAAP Wetlands Project, Winter
Definitive Testing.
See Appendix A, TNT/By-Products Analyses Summary for Milan Army
Ammunition Plant Winter Toxicity Tests, 1997
See Appendix B, Water Chemistry Mean Values and Ranges for Milan Army
Ammunition Plant Winter Toxicity Definitive Test, February 26-March 5, 1997
6.3 Reference Toxicant Tests
Summary of Results:
The most recent monthly reference toxicant tests conducted prior to the period of
this study were within control chart limits for both test species.
Species Date Time | Duration | Toxicant | Results (IC,s) | Control Chart Coﬁtrol Chart
Mean Range
P. Promelas 01-28-97 | 1300 7-days NaCl 1869 mg/L 2134 mg/L 1590-2679 mg/L
C. dubia 02-26-97 | 0735 | 6-days NaCl 1325 mg/L 1004 mg/L 571-1438 mg/L
7.0 CONCLUSIONS

Although toxicity was demonstrated in water samples from the gravel and lagoon
discharges during the original study, no toxicity (IC,;>100%) was demonstrated
during the definitive test. Basic water chemistry parameters (DO, pH,
conductivity, alkalinity and hardness) were not significantly different from the
original samples.




A comparison of the results from chemical analyses of water samples split from
the first day’s toxicity samples for each study period was made to attempt to
determine the causative agent(s) of the toxicity. Comparisons revealed six
chemicals which might be responsible for the toxicity. These were manganese,
TNT, Trinitroso-RDX, HMX, RDX and TNB. Only manganese was found in
highest concentrations in the well sample, less in the original gravel and lagoon
samples and least in the follow-up samples. The concentrations, however, were
all below known toxic levels of manganese to fathead minnows and daphnids (No
Effect Concentrations (NOEC) of 8 and 4 mg/L, respectively). [2]

TNT and its by-products were found in detectable amounts in all these samples
(see Appendix A). TNT and TNB were present in highest levels in the well
sample, and in lower levels in the gravel discharge during both studies. They
were absent (<Detection Limits) in the lagoon samples from both studies.
‘Trinitroso-RDX was present in the lagoon samples from both studies, though
greatly reduced in the definitve study. It was absent from all well and gravel
samples. TNT and/or TNB may have caused the toxicity in the well and gravel
samples and Trinitroso-RDX in the lagoon sample. Toxic effects of these
chemicals are not known, however, so further testing of these substances would
help explain the results of these studies.

The other potential toxic compounds were HMX and RDX. HMX and RDX were
present in highest concentrations in the gravel discharges during the first study,
suggesting that they probably were not the causative agents. Also present in
detectable levels were mononitroso-RDX, 4-amino-2,6-dinitrotoluene, 2-amino-
4,6-dinitrotuluene, 2,4-dintrotoluene and 2,4-diamino-6-nitrotoluene.
Mononitroso-RDX was present only in lagoon samples during both studies, and
was higher in the definitive study. 4-Amino-2,6-dinitrotoluene, 2-amino-4,6-
dinitrotuluene were present only in the original gravel sample and in higher levels
in both definitve samples. These three were probably not causative agents. 2,4-
Dintrotoluene was present in higher levels in the well sample, lower in the
original gravel sample and absent from the original lagoon and both follow-up
samples, however the levels present in the well and original gravel samples were
not significantly different (0.06-0.07 mg/L vs. 0.05 mg/L), so it is doubtful it was
a causative agent. 2,4-Diamino-6-nitrotoluene was detectable only in the follow-
up lagoon sample. Synergistic effects may have been involved during both
studies, so it is impossible to eliminate these chemicals as potential toxic agents.
Other chemicals analyzed during these studies were not detected (<Detection
Limit).
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TNT/By-Products Analyses Summary for Milan Army

Appendix A

Ammunition Plant Winter Toxicity Tests. 1997

INFLOW-1 | INFLOW-2 LAGOON GRAVEL LAGOON GRAVEL
Ammonia 0.49 0.41 2.28 0.29 0.10 0.16
Unionoized <0.001 <0.001 0.006 0.015 0.001 0.011
Chlorlde 2 55 2 52

Caléiﬁm

PR

Magnesmm

Manganese

Nitrate

2 4 Dmltrotoluene

<0 00230

Trmltroso-RDX <0 00220 <0.00220 1.2 <0.00220 0.2939 <0.00500
HMX 0.11 0.10 <0.00350 0.18 0.07338 0.1017
2,4-Diamino-6- <0.00500 <0.00500 <0.00500 <0.00500 0.03259 <0.00500
nitrotoluene

Mononitroso-RDX <0.00320 <0.00320 0.02 <0.00320 0.2982 <0.00500
RDX 4.0 4.1 <0.00080 42 1.876 3.707
1,3,5-Trinitrobenzene 0.35 0.35 <0.00220 0.12 <0.00500 0.03064
2,4,6-Trinitrotoluene 4.2 4.3 <0.00210 0.70 <0.00500 0.1186
4-Amino-2,6- <0.00390 <0.00390 <0.00390 0.04 0.03061 0.03003
dinitrotoluene

2-Amino-4,6- <0.00210 <0.00210 <0.00210 0.08 0.01183 0.04475
dinitrotoluene
2 buDimIrotolucne 25 0:00490 7 2550.00490 i |-see0-00 0500 006007

0 07 0.05 <0.00500

<0. 00500

'« All samples <Detection Limit
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MAAP Wetlands Project, Summer Effluent Testing, 1997

Phytoremediation Demonstration

APPENDIX B-3

(August 6-13, 1997 Test)

Milan AAP




October 3, 1997
Joseph J Hoagland, CTR 1K-M

MAAP WETLANDS PROJECT, SUMMER EFFLUENT TESTING, 1997

Attached is the subject report for the summer toxicity screening study, conducted
August 6-13, 1997.

Toxicity was not demonstrated in samples from either the gravel or lagoon wetlands
discharge samples during this screening study. Toxicity to both daphnids and fathead
minnows was demonstrated from well samples.

Please call me at (205) 729-3342 if you have questions or comments.

Damien J. Simbeck
Biologist

Toxicity Testing Laboratory
TTL 1A-BFN

DJS

Attachment

cc (Attachment):
R. A. Almond, CEB 4C-M
H. S. Coonrod, WET 1A-M
F. J. Sikora, CEB 1C-M
J. R. Trimm, CEB 1E-M
Files, WM, CST 17B-C




STANDARD REPORT FORM

TOXICITY BIOMONITORING USING PIMEPHALES PROMELAS
(FATHEAD MINNOW), AND CERIODAPHNIA DUBIA (DAPHNIDS)

Study: MAAP Wetlands Project, Summer Testing 1997

Principal Investigator: Damien J. Simbeck

Starting Date: August 6, 1997

Ending Date: August 13, 1997

1.0

EXECUTIVE SUMMARY

During Phase I of the Milan Army Ammunitions Plant (MAAP) constructed
wetlands project, simulated constructed wetlands (20-L aquaria) were used to test
the efficiency of TNT breakdown by gravel-bed and lagoon type wetlands.
Toxicity tests using the daphnid, Ceriodaphnia dubia, indicated toxicity in water
samples from several treatment regimes, including all lagoon type aquaria. Some
treatment regimes, all with gravel substrate, demonstrated no toxicity. [1] Phase
II of this project involved the construction of full sized wetlands at the MAAP
site. Since no information pertaining to the toxicity in the site well water was
obtained during Phase I of this study, site water was tested during Phase II, using
both fish, Pimephales promelas, and the daphnid. Seasonal studies were
conducted from this site to determine if seasonal differences in plant growth would
change toxicity. During the winter testing period, January 15-22, 1997, toxicity to
daphnids and fathead minnows was demonstrated in all samples tested. Repeat
testing February 26-March 5, 1997 indicated no toxicity. [2][3] This report
summarizes results of the second seasonal study, conducted during the summer,
1997. '

Toxicity was again demonstrated in water samples from the site well (Fish
survival=0 percent; Daphnid survival=90.0 percent, no reproduction). Toxicity
was eliminated after the well water was passed through either type treatment cells.
Levels of TNT and TNT by-products were all below potentially toxic levels in all
samples except the well. Un-ionized ammonia levels were below toxic levels in

all samples.




SAMPLE COLLECTION/TREATMENTS

3.1

2.0

2.1 Test Sample Identification (Chemical/Effluent/Elutriate, etc.): Test samples were
whole water samples collected from the Milan Army Ammunition Plant (MAAP)-
site. Samples were collected from the inflow pipe (well) and from the discharge
pipes of both the gravel and lagoon wetlands. Duplicate (QA) samples were
collected from both discharge pipes.

2.2 Control and/or Dilution Water: Moderately Hard Synthetic Water (MHSW) was

~ used as control and dilution water for all tests (modified for daphnids; see
Section 3.2.2).

2.3 Test Treatments: All samples were tested at 100 percent only. Although the
initial pH of the well sample was below the EPA required limits (6.0-9.0 S.U.), the
pH was not adjusted. Testing during the winter study indicated that pH
adjustment did not alter the toxicity of the sample.

3.0 TEST ORGANISMS/CULTURE CONDITIONS
Species: Pimephales promelas, Fathead minnow

3.1.1 Source: Aquatic BioSystems, Inc., Fort Collins, Colorado.

3.1.2 Hatch Dates: August 5, 1997/1230-1530 CDT

3.2 Species: Ceriodaphnia dubia, daphnid

3.2.1 ~ Source: Inhouse culture, TVA, Toxicity Testing Laboratory

3.2.2 Culture Water: Culture medium is MHSW contaming trace elements,
macronutrients, and vitamins (modified from Elendt and Bias, 1990). [4] Water
used for culture contains EDTA, while water used for test control and dilution
does not.

3.2.3 ‘Temperature of Culture: 25°C + 1°C

324 General Maintenance: Adults used to produce neonates for test initiation are

typically 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, and a
record is made of their reproduction. Their fourth brood is generally the second
brood with 8 or more young and is the brood preferred for test initiation.




3.2.5

4.0

Food and Feeding: Ceriodaphnia are fed food made according to methods
modified from EPA/600/4-89/ [5]

In addition to the yeast/alfalfa fish food recipe, the alga Selenastrum
capricornutum concentrated to 30 x 10° cells/mL is also fed as part of the regular
diet. Individual animals contained in cups with 15 mL medium are fed 0.1 mL of
food and 0.2 mL of algae at renewal.

TEST METHODS

4.1

4.1.1

4.1.2

4.1.3

4.1.7

4.1.8

4.1.9

4.1.10

Fathead Minnow (Pimephales promelas) Larval Survival and Growth Test, EPA
Test Method 1000.0. [5]

Modifications/Amendments to Method 1000.0:
Date/Time Test Initiated: August 6, 1997/1305 CDT
Date/Time Test Terminated: August 13, 1997/1315 CDT

Test Chamber: 400 mL plastic cups
Volume in Chamber: 250 mL

Number of Test Organisms per Chamber: 10

Number of Replicates per Treatment: 4

Control/Dilution Water: Moderately Hard Synthetic Water
Renewal Period: 24-h

Test Temperature: 25°C + 1°C

Feedmg Regime During Test: Fathead larvae were fed brine shrimp (Artemza)
nauplii <24-h old three times daily ad libitum.




4.1.11

4.1.12

4.2

42.1

4.2.1.1

4212

42.1.3

422
423
424

424

4.2.5

4.2.6

4.2.7

4.2.8

4.2.9

4.2.10

Physical and Chemical Parameters Measured: Parameters measured daily
(initially) on fresh samples were temperature (temperature was adjusted to equal
“final” temperature before renewal), DO, pH, and conductivity. Alkalinity and
hardness were measured on the control, and 100 percent samples each time a new
sample was used. Final measurements taken daily before renewal were
temperature, DO, pH and conductivity in one replicate per treatment. Mean
values and ranges are reported in Section 6.3.

Statistics: T-tests were run using Toxis® and SAS software to determine the
significance of effects in all samples.

Ceriodaphnia Survival and Reproduction Test, EPA Test Method 1002.0 [5]
Modifications/Deviations to Method 1002.0:

Modified culture medium (see Section 3.2.2)

Feeding regime (see Section 4.2.10)

Temperatures in two cups, both 23.7°C, on Day 1 were below the EPA
recommended temperature range of 25°C+1°C. The variations occurred randomly

among the test treatments, and did not appear to have any adverse effects on the
test results.

Date/Time Test Initiated: August 6, 1997/1205-1220 CDT
Date/Time Test Terminated: August 12, 1997/1200-1235 CDT

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

Number of Organisms per Chamber: 1
Number of Replicates per Treatment: 10
Control/Dilution Water: Modified MHSW
Renewal period: 24-h

Test Temperature: 25°C + 1°C

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




Physical and Chemical Parameters Measured: Parameters measured daily
(initially) on fresh samples were temperature (temperature was adjusted to equal
“final” temperature before renewal), DO, pH, and conductivity. Alkalinity and
hardness were measured in the control, and 100 percent samples each time a new
sample was used. Final measurements of temperature were taken daily in 10
randomly selected cups when tray was removed from the incubator. DO and pH
were measured daily in 1 cup per treatment following renewal. Mean values and

Statistics: T-tests were run using Toxis® and SAS software to determine 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 described in this report, the TTL Quality Assurance Plan and SOP Manual, and
EPA/600/4-91/002. [5] Any known deviations were noted during the study and

Reagents, Titrants, Buffers, etc.: All chemicals were certified products used
before expiration dates (where applicable). All TTL chemicals are recorded in a
bound Laboratory Chemical Logbook and specific chemicals used were
documented on a chemical record sheet contained in the study folder.

Instruments: All identification, service and calibration information retaining to
TTL laboratory instruments is contained in bound Laboratory Instrument
Logbooks and specific instruments used were documented on an instrument
record sheet, along with daily calibration record sheets, contained in the study-

Temperature was measured using mercury thermometers. The instrument was
standardized and inspected with readings made according to TVA procedure ES-

4211

ranges are reported in Section 6.3.
42.12

significance of effects in all samples.
5.0 QUALITY ASSURANCE
5.1

are reported herein.
5.2 Physical and Chemical Methods
5.2.1
5.2.2

folder.
5.2.3

42.11. [6]
524

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 ES-43.6 and ES-42.4, respectively. [6]




5.2.5

5.2.6

5.2.7

5.2.8

5.29

5.3.3

5.34

The pH was measured using an Orion Model 250 meter equipped with an Orion
Ross combination electrode. The instrument was standardized and readings were
made according to TVA procedure ES-43.7 and ES-42.8, respectively. [6]

Conductance was measured using a YSI Model 32 SCT meter. The instrument
was standardized and readings were made according to TVA procedures ES-43.3
and ES-42.3, respectively. [6]

Alkalinity was measured by titration of 100 mL samples with 0.02 N H,SO, to an
endpoint of 4.5 according to TVA procedure ES-42.1. [6]

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

Total residual chlorine was determined using the DPD Titrimetric Method
according to TVA procedure ES-42.9, Rev. 0. [6]

Reference Toxicant Tests

Test Type: Fish -- 7-day chronic (ICs)
Daphnids -- 7-day chronic (ICs)

Standard Toxicant Used: Sodium Chloride
Source/Brand: Fisher

Dilution Water Used: MHSW - fish chronic and modified MHSW - daphnid
chronic '

Statistics: Chronic Test, IC25 - EPA Bootstrap Procedure, Toxis®




6.0 RESULTS
6.1 Fathead Minnow Larval Survival and Growth Test
6.1.1 Summary of Results:
Toxicity was demonstrated in the well sample. No toxicity was demonstrated in
any gravel or lagoon sample based on T-Test comparisons.
6.1.2 Results, Survival and Growth Data:
Survival (%) Dry Weight (g)
Day Replicate
Treatment 123 [4a]s5s 6| 7]1 2 3 4 | Avg
Control 100 | 100 [ 100 [ 100 | 98 | 98 | 98 |[0.31 ] 038 [ 0.24 | 0.29 | 0.31
Well 100% o* ] o[ o] o] o] o] ol]fooofo.00]oc00fo.00f  0.00
Gravel Discharge | 100 | 100 | 100 | 100 | 100 | 100 [ 100 |[ 0.36 [ 0.30 | 0.34 | 0.35 | 0.34
Lagoon Discharge | 100 | 100 { 100 | 100 | 100 [ 100 | 100 |[ 0.39 | 0.37 | 0.34 | 0.38 || 0.37
Gravel Duplicate 100 | 100 | oo | 100 | 100 | 100 | 98 |} 0.35 | 0.36 | 0.36 | 0.28 | 0.34
Lagoon Duplicate | 100 | 100 | 100 | 100 | 100 | 100 | 100 }[0.33 | 0.34 | 0.40 | 0.35 || 0.36

*Well significantly reduced based on T-Test.

Daphnid Survival and Reproduction Test

6.2
6.2.1 Summary of Results
Toxicity was demonstrated in the well sample. No toxicity was demonstrated in
any gravel or lagoon sample based on T-Test comparisons.
6.2.2 Results, Survival and Reproduction Data:
Survival (%) Reproduction (young/female)
Day _Replicate
Treatment 1 [ 2 [ 3 [ 4] 56 ]J[1l2[3[4]516[7[8109]10]Av]
Control 100 [ 100 [ 100 [ 100 [ 100 [ 100 J{32 [ 28 [ 26 [ 31 [ 32 [33 [ 32 [32 ] 28 [ 35 | 30.9
Well 100% 100 [100 [ 100 [100 [100 [ 9o ffo[oJojofof[oJo]o]|ofoljoo
Gravel Discharge | 100 [ 100 | 100 | 100 [ 100 | 100 {16 {29 | 26 | 26 | 14 [ 29 | 31 | 32 | 29 | 33 || 26.5
| Lagoon Discharge | 100 | 100 | 100 | 100 [ 100 { 90 |{30 [ 27 {30 [ 36 [ 31 [33 [33 [25[29 [ 15| 28.9
Gravel Duplicate 100 | 100 | 100 [ 100 [ 100 [100 || 26 | 26 | 30 [ 22 [ 30 { 21 [ 34 | 33 | 31 [ 19 || 27.2
| Lagoon Duplicate | 100 | 100 [ 100 [ 100 | 100 [ 100 {29 [ 26 [ 28 | 29 [30 [ 29 |32 [ 2523 ] 29 ] 28.0

*Well significantly reduced based on T-Test.




6.3 Physical/Chemical Parameters
6.3.1 Overall Test Temperature:
6.3.1.1 Fathead Minnow: 24.4°C (24.0°C-25.0°C)
6.3.1.2 Ceriodaphnia: 24.9°C (23.7°C-25.6°C)
6.3.2 Results: Water chemistry summary for MAAP Wetlands Project, Summer
Testing.
See Appendix A, Water Chemistry Mean Values and Ranges for Milan Army
Ammunition Plant Summer Toxicity Test, August 6-13, 1997
6.4.1 Summary of Results:
The most recent monthly reference toxicant tests conducted prior to the period of
this study were within control chart limits for both test species.
Results Control Control Chart
Species Date Time | Duration | Toxicant (1C,5) Chart Mean Range .
P. promelas | 08-06-97 | 1305 | 7-days | NaCl | 1832mg/L | 1941 mg/L | 1708-2174 mg/L
C. dubia 07-22-97 | 0800 6-days NaCl 1239 mg/L 1031 mg/L 592-1471 mg/L
7.0 CONCLUSIONS

Toxicity was again demonstrated in water samples from the site well (Fish
survival=0 percent; Daphnid survival=90.0 percent, no reproduction). Toxicity
was eliminated after the well water was passed through either type treatment cells.
Levels of TNT and TNT by-products were all below potentially toxic levels in all
samples except the well. Un-ionized ammonia levels were below toxic levels in
all samples.
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APPENDIX B4
. MAAP Wetlands Project, Summer Gravel/Sediment Toxicity Testing, 1997
(August 15-25, 1997 Test)

Phytoremediation Demonstration Milan AAP




October 20, 1997
Joseph J Hoagland, CTR 1K-M

MAAP WETLANDS PROJECT, SUMMER GRAVEL/SEDIMENT TOXICITY
TESTING, 1997

Attached is the subject report for the summer gravel/sediment toxicity study,
conducted August 15-25, 1997.

Toxicity to the amphipods was demonstrated in samples from gravel cell 21 and both
lagoon cells during this study. Toxicity to the midge was demonstrated in sediments
from both lagoon cells. Gravel was not tested with the midge.

Please call me at (205) 729-3342 if you have questions or comments.

‘ Damien J. Simbeck

Biologist
Toxicity Testing Laboratory
TTL 1A-BFN

DIS

Attachment

cc (Attachment): .
R.A. Almond, CEB 4C-M .-
H. S. Coonrod, WET 1A-M
F. J. Sikora, CEB 1C-M
J. R. Trimm, CEB 1E-M
Files, WM, CST 17B-C

Memo0997.doc




STANDARD REPORT FORM

TOXICITY BIOMONITORING USING
HYALELLA AZTECA (AMPHIPOD) AND CHIRONOMUS
' TENTANS (MIDGE)

Test Title: MAAP Wetlands Project, Summer Sediment Testing Report, 1997

Principal Investigator: Damien J. Simbeck

Starting Date: August 15, 1997

Ending Date: August 25, 1997

1.0

EXECUTIVE SUMMARY

During Phase I of the Milan Army Ammunitions Plant (MAAP) wetlands project,
gravel from various aquaria wetlands was tested for toxicity using the amphipod,
Hyalella azteca. No toxicity to the amphipods was noted during Phase 1. [1]
During Phase II of this project, onsite wetlands at MAAP were used to treat
contaminated groundwater. Two wetland types, gravel bed and lagoon, were
utilized. Substrates from various cells in these wetlands were tested for toxicity
using the amphipod, as well as a midge, Chironomus tentans. The midge was
used to test only the sediments from the lagoon wetlands, since it normally
burrows into the substrate, and could not do so in the gravel. Amphipods were
used to test both substrate types. '

During the winter testing period, toxicity (significantly reduced survival) was
demonstrated to the amphipod in gravels from cells 16 and 17, and to both species
in sediments from the lagoon cells. [2]

During the summer testing period, toxicity (significantly reduced survival) was
demonstrated to amphipods in gravel from cell 21 and to both species in
sediments from the lagoon cells. Detectable concentrations of potentially toxic
RDX, HMX, and explosive by-products were found in both sediment samples (see
Appendix A). Concentrations in the gravel samples from cell 21, however, were
all below detection limits. Un-ionized ammonia concentrations in overlying water
samples were all below potentially toxic levels (200 pg/L). Possible causitive
agents could not be identified in the gravel sample.




2.0 SAMPLE COLLECTION/TREATMENT

2.1

2.2

221
222
2.3

24

2.5

2.6

2.7

2.8

2.9

2.10

Test Sample Identification (Chemical/Effluent/Elutriate, etc.): The test
substrates used for biomonitoring were whole sediments or surface gravels
collected from various cells of the constructed wetlands at Milan Army
Ammunition Plant, Milan, TN. Gravel samples were tested with amphipods
only.

Bioassay Tests:

Amphipod: The amphipod tests was a single test conducted with formulated
sediment (negative) control and gravel (substrate) control.

Midge: The midge tests was a single test conducted with formulated sediment
(negative) control.

Overlying Water: Moderately hard synthetic water plus dechlorinated tap
water (1:1 v:v) was used for overlying water.

Control Sediment: Formulated sediment (80% clay, 20% sand; 2% TOC) was
used for the negative control sediment. Gravel collected from TVA’s -
Wetlands facility, Muscle Shoals, AL was used as the substrate control for the

- gravel samples.

Sample Date and Time: August 9, 1997/1030-1400 CDT

Sampling Method: Samples were grab samples collected by TVA Wetlands
personnel. Two (gravel) or three (sediment)1-L samples from each location
were collected in amber bottles.

Sample Storage/Handling: Samples were placed on ice in ice coolers, and
shipped to TTL. Samples remained on ice in coolers at TTL until used.

Sample Transpoft: Samples were shipped to TTL via TVA mail courier.

Sample Pretreatment: All sub-samples were homogenized prior to use in the
toxicity test. Samples were placed into test beakers (100 mL/replicate) on the
day prior to test initiation.

Test Treatments: Gravel samples tested (amphipod only) were collected from
cells 16, 17, 18, 19, 20, and 21. Sediment samples were collected from cells
24 and 28. Each sample was tested at 100% (undiluted) only.




Source: Environmental Consulting and Testing, Inc., Superior, Wisconson.

Source: In-house culture, TVA, Toxicity Testing Laboratory

Culture Water: Culture water consists of moderately hard synthetic water
mixed with dechlorinated tap water (1:1 v:v). Reagents for synthetic water
were added to Milli-Q UF product water. Culture water was continuously
aerated to help ensure aseptic conditions. Total hardness was approximately

General Maintenance: Larval midges (0-14 days old) were reared in 1.5-L
glass aquaria with 1 L water and 30 mL sand. Water was renewed three
times/week. When larvae were 7-14 days old, they were transferred to a 20-L
glass aquaria containing 15 L water and 100 mL sand. Aquaria were placed
into a flow-through recirculating system. Flow rate to aquaria was
approximately one-half aquaria (10 L) per hour. Approximately 50 percent of
the system water was replaced weekly. All tanks were fed either a fish flake
food or Chlorella suspension daily. Adults that emerged from the aquaria
were placed into 8-L glass aquaria with screened top and approximately

500 mL water for egg deposition. A 5x20-cm piece of screen was placed into
aquaria to provide a resting place for the adults. Egg cases were collected
daily and placed into 1.5-L aquaria with 1 L water and 30 mL sand.

Egg Masses Collected:  July 31-August 4,1997

3.0 CULTURE CONDITIONS
3.1 Hyalella azteca, amphipod
3.1.1
3.15 Test Organism Hatched:. August 4-5, 1997
3.1.6 Age at test initiation: 10-11 days old
3.2 Chironomus tentans, midge
3.2.1
3.22

110 mg/L as CaCOs
3.2.3 Temperature of Culture: 23°C+2°C
324
3.25
3.2.6 Age at test initiation: 2™ or 3 instar
3.2.7

Average Head Capsule Width:  0.40 mm (Range = 0.38-0.44 mm)




Amphipod, Hyalella azteca, Survival test, EPA Test Method 100.1 [3]
Midge, Chironomus tentans, Survival test, EPA Test Method 100.2 (3]

Modifications/Deviations to 100.1 (Amphipod): None
Modifications/Deviations to 100.2 (Midge): None

Amphipod: August 15, 1997/0930 CDT
Midge: August 15, 1997/0920 CDT

Amphipod: August 25, 1997/0730-1300 CDT
Midge: August 25, 1997/0700-0930 CDT

Amphipod: 10-11 days old
Midge: 2™-3" instar (>50% 3" instar)

Test Chamber: 400 mL beaker with 350 pm Nitex®Amesh covering a notch at

Volume in Chamber: 100 mL gravel, 175 mL water
Number of Organisms per Replicate: 10
Number of Replicates per Treatment: 8

Test Control Substrate: Negative Control (Formulated' Sediment) and
Substrate Control (Gravel) for amphipods only

Overlying Water: Moderately hard synthetic water plus dechlorinated tap

Test Temperature: 23°C + 1°C (Instantaneous temperature 23°C + 3°C)

4.0 TEST METHODS
4.1
4.1.1
4.1.2
42 Date/Time Test Initiated:
4.3 Date/Time Test Terminated:
4.4 Age of Test Organism:
4.5
the top.
4.6
4.7
4.8
4.9
4.10 Dilution Substrate: NA
4.11
water, mixed 1:1 (v:v).
4.12 Dilution water: NA
4.13
4.14 Photoperiod: 16 L:8 D




4.15
4.16

4.17

4.18

4.19

4.19.1
4.19.2

4.20

Renewal Period: Overlying water renewed twice daily by slow flow delivery
system.

Renewal Method: Water was fed from a head tank with eight 10-mL syringes
to supply slow flow (about 200 mL/10 minutes) into each test chamber.

Feeding Regime During Test: .

Amphipod: 1.5 mL/replicate YCT once daily. YCT was prepared
according to EPA/600/4-89/001. [3] '

Midge: 1.5 mL/replicate fish flake food suspension once daily.
Suspension was prepared by adding 2.67 g fish flake food to 1 L
water and blending for 15 minutes.

Feeding was suspended if DO levels were <5.5 mg/L in any treatment
on two consecutive days or <5.0 in any treatment on a single day.

Physical and Chemical Parameters Measured: Parameters measured daily
(“initial) on fresh test solutions were temperature (adjusted to equal “final”
temperature before renewal), DO, pH, conductivity, alkalinity, hardness.

“Final” measurements of temperature, was taken in one replicate per treatment
before renewal. “Final” measurements of DO, pH and conductivity were taken.
daily and alkalinity and hardness were taken on Days 1, 5 and 10 in a
composite of %75 mL samples removed daily from all replicates per treatment
before renewal. On Days 1, 5 and 10, test solutions (100 mL) were preserved
with 1:4 H,SO, and refrigerated until sent to TVA’s Environmental Chemistry
Laboratory in Chattanooga Tennessee, for ammonia analysis using the
automated alkaline phenate methodology.

Test Endpoint Determination:

Survival: Test animals were counted as dead if they could not be found at test
termination.

Growth: Growth was determined by dry weight measurements after test
termination. Ash-free dry weight measurements were made for the midge test.

Statistics: Statistical analyses were made using the Toxis® or SAS statistical
programs.




5.0

QUALITY ASSURANCE

5.1

5.2

5.2.1

522

5.2.3

5.24

5.2.5

5.2.6

5.2.7

| 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 described in this report, EPA/600/4-89/001 and the TTL Quality
Assurance Plan and SOP Manual. [4][5] Any known deviations were noted
during the study and are reported herein.

Physical and Chemical Methods -

Reagents, Titrants, Buffers, etc.: All chemicals were certified products used
before expiration dates (where applicable). All TTL chemicals are recorded in
a bound Laboratory Chemical Logbook and specific chemicals used were
documented on a chemical record sheet contained in the study folder.

Instruments: All identification, service and calibration information pertaining
to TTL laboratory instruments is contained in bound Laboratory Instrument
Logbooks and specific instruments used were documented on an instrument
record sheet, along with daily calibration record sheets, contained in the study -
folder.

Temperature was measured using mercury thermometers. The instrument was
standardized and inspected with readings made according to TVA procedure
ES-42.11. [6]

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 ES-43.6 and ES-42.4, respectively. [6]

The pH was measured using an Orion Model 250 meter equipped with an
Orion Ross combination electrode. The instrument was standardized and
readings were made according to TVA procedure ES-43.7 and ES-42.8,
respectively. [6]

Conductance was measured using a YSI Model 32 SCT meter. The instrument
was standardized and readings were made according to TVA procedures ES-
43.3 and ES-42.3, respectively. [6]

Alkalinity was measured by titration of 100 mL samples with 0.02 N H2SO04 to
an endpoint of 4.5 according to TVA procedure ES-42.1. [6]




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

5.2.9 Total residual chlorine was determined using the DPD Titrimetric Method
according to TVA procedure ES-42.9. [6]

5.3 Reference Toxicant Tests

53.1 Test Type: Amphipod or Midge-- 96-hr acute, water only (LCso)

5.3.2 Dilution Water Used: Moderately hard synthetic water plus dechlorinated tap
water (1:1 viv).

5.3.3 Statistics: Probit, Spearman-Karber, etc.

6.0 RESULTS

6.1 Summary of Bioassay Results:

6.2 Amphipod Test
Summary of Results: Ten day exposure of amphipods to the MAAP gravels
and sediments resulted in significant reduction in survival in gravels from cell
21 and both sediment cells. No significant reductions in survival or growth
were observed in gravels from cells 16-20.

6.2.1 Survival Data

Amphipod Survival Data (Percent Surviving)
Replicate

1 2 3 4 5 6 7 8 | Mean
Formulated Sediment 80 [ 90 [ 80 | 80 { 90 {100 | 80 | 80 |85.0
Gravel Control 100 | 90 | 90 | 100| 90 | 90 | 90 | 90 | 92.5
Gravel 16 100|100| 90 | 70 | 80 | 70 | 90 | 90 | 86.4
Gravel 17 90 | 90 {100 { 90 | 100 | 100 | 100 | 100 | 96.3
Gravel 18 100 | 80 | 80 | 90 | 90 | 100 | 90 | 90 | 90.0
Gravel 19 90 | 90 | 80 | 90 | 90 | 100 | 90 | 100|91.3
Gravel 20 60 | 100| 90 | 90 [ 90 | 90 | 70 [ 90 | 85.0
Gravel 21 50 |70 | 40 | 40 | 50 | 80 | 70 | 90 |61.3*
Sediment 24 30|70 | 60 | 30 {100| 70 | 70 | 50 | 60.0t
Sediment 28 60 | 80 | 50 | 90 | 50 | 40 | 80 | 60 | 63.8%

*Statistically significant reduction in survival compared to the Gravel Control
+ Statistically significant reduction in survival compared to the Form. Sediment Control




6.2.2 Growth Data

Amphipod Growth Data (mg Drv Weight)

Replicate

1 2 3 4 5 6 7 8 Mean
Formulated Sediment 0.053 1 0.042 | 0.038 | 0.059 | 0.058 { 0.050 | 0.049 | 0.058 | 0.051
Gravel Control 0.035{0.034 { 0.029 | 0.044 | 0.052 | 0.056 | 0.058 | 0.064 | 0.047
Gravel 16 0.077 { 0.096 | 0.108 | 0.129 | 0.125 | 0.146 | 0.097 | 0.106 | 0.110
Gravel 17 0.081 | 0.103 | 0.100 | 0.101 { 0.088 | 0.104 | 0.099 | 0.074 | 0.094
Gravel 18 0.068 | 0.063 { 0.049 | 0.068 | 0.073 | 0.074 | 0.090 | 0.069 | 0.069
Gravel 19 0.078 | 0.056 | 0.061 | 0.086 | 0.083 | 0.054 | 0.060 | 0.054 | 0.066
Gravel 20 0.052 [ 0.055 | 0.079 | 0.063 | 0.063 | 0.064 | 0.047 | 0.074 | 0.062
Gravel 21 0.052 |1 0.026 | 0.038 | 0.045 | 0.042 | 0.045 | 0.027 | 0.053 | 0.041*
Sediment 24 0.020 | 0.037 { 0.023 | 0.047 | 0.034 { 0.029 | 0.039 | 0.026 | 0.032*
Sediment 28 0.017 | 0.019 | 0.030 | 0.031 | 0.026 | 0.018 | 0.024 | 0.023 | 0.023*

*No statistical comparison made due to significantly reduced survival

6.3 Midge Test

Summary of Results: Ten day exposure of midges to the MAAP sediments
resulted in significant decrease in survival to midges in sediments from cells 24
and 28. Growth comparisons were not determined, since survival was

significantly reduced.

6.3.1 Survival Data

Midge Survival Data (Percent Surviving)

Replicate
1 2 4 5 6 7 8 | Mean
Formulated Sediment | 80 | 70 [ 100 90 [ 50 | 90 | 90 | 80 | 81.3
Sediment 24 40 1 80 | 60 | 70 | 60 | 80 | 40 | 80 | 63.8*
Sediment 28 60 { 60 | 60 | 60 | 70 | 90 | 60 | 60 | 65.0*

*Qtatistically significant reduction in survival compared to Formulated Sediment Control




6.3.2 Growth (Dry Weight Data)

Midge Growth Data (mg Dry Weight)

Replicate
1 2 3 4 5 6 7 8 Mean
Formulated Sediment 1.113{1.083 {0.981 | 1.072 | 1.814 { 0.981 | 1.093 | 1.257 | 1.174
Sediment 24 0.868 | 0.569 | 0.685 | 0.553 | 0.505 | 0.524 | 0.620 | 0.523 | 0.606
Sediment 28 1.037 | 0.897 | 0.338 | 0.757 | 0.590 | 0.696 | 0.915 | 0.725 | 0.744
6.3.3 Growth Data (Ash-free Dry Weight)
Midge Growth Data (mg Ash-free Dry Weight)
Replicate
1 2 3 4 5 6 7 8 Mean
Formulated Sediment 0.480 | 0.513 | 0.422 | 0.477 | 0.844 | 0.463 | 0.509 | 0.535 { 0.530
Sediment 24 0.407 | 0.261 | 0.282 | 0.286 { 0.273 | 0.238 | 0.330 | 0.288 | 0.296
Sediment 28 0.372 | 0.368 | 0.210 | 0.305 |{ 0.231 | 0.309 { 0.257 | 0.325 | 0.297
6.4 Physical/Chemical Parameters
6.4.1 Overall Test Temperature:
Amphipod Test: 22.5°C (20.4°C-25.2°C)
Midge Test: 22.5°C (21.0°C-25.0°C)

6.4.2 Results: Water chemistry and sediment analysis summaries for MAAP

Summer Sediment Test, August 15-25, 1997.

See: Appendix A TNT/By-Products Analyses Summary for Milan Army

Ammunition Plant Summer Sediment Toxicity Test, August 15-25, 1997.

See: Appendix B Water Chemistry Mean Values and Ranges for MAAP

Summer Sediment Toxicity Test, August 15-25, 1997.
6.5 Reference Toxicant Tests
6.5.1 Summary of Results:

Amphipod and midge reference toxicant tests conducted prior to each MAAP
Summer Sediment Test showed acute results within control chart.




6.5.2 Summary of Results
. . . . Results | Control Chart Control Chart
Species Date Time | Duration | Toxicant (LCs) Mean Range
H. azteca 08-13-97 [ 1255 96-h KCi 291 324 mg/L 171-476 mg/L
C. tentans 07-21-97 | 0900 96-h KCl 5223 5874 mg/L 4634-7114 mg/L
7.0 CONCLUSIONS

During the summer testing period, toxicity (significantly reduced survival) was
demonstrated to amphipods in gravel from cell 21 and to both species in
sediments from the lagoon cells. Detectable concentrations of potentially toxic
RDX, HMX and explosive by-products were found in both sediment samples (see
Appendix A). Concentrations in the gravel samples from cell 21, however, were
all below detection limits. Un-ionized ammonia concentrations in overlying water
samples were all below potentially toxic levels (200 ug/L). Possible causitive
agents could not be identified in the gravel sample.
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Appendix A
TNT/By-Products Analyses Summary for Milan Army Ammunition
Plant Summer Sediment Toxicity Test, August 15-25, 1997

Gravel Gravel Sediment | Sediment
28

<0.0019 .
<0.0023 | <0.0023

4-Amino-2,6- 0.0033 0.0033 . <0.0253
dinitrotoluene
2-Amino-4,6- <0.0019 | <0.0019 . 0.0262
dinitrotoluene
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2.0

Test Plan for Alternate Carbon Source and Higher Flowrate Study at MAAP

Introduction

The Wetlands Demonstration program at the Milan Army Ammunition Plant shows
that TVA’s subsurface flow (SSF) constructed wetland is remediating explosive
contaminated groundwater. The SSF wetland is a two-bed system consisting of an
anaerobic gravel bed (17,000 ft3) and an aerobic reciprocating gravel bed (5,800 ft3).
Explosive contaminated groundwater is fed to the system at a rate of 5 gallons per
minute (gpm) and powdered milk is fed to the system, every two weeks, as a carbon
source for system microorganisms. Currently, th; treatment system is reducing the

total nitrobody concentration to below the desired level (2 ppb).
Problem Statement

Even though facility operations have been successful, it has become apparent that
additional data would be helpful to improve the design, operation, and economic

success of scaled-up systems. Areas of interest include:

e Establishing the effect of long term plant growth on explosive remediation.
e Examining nitrobody remediation at cold temperature.
e Examining the use of alternate carbon sources in the anaerobic cell (cell Al).

e Establishing the anaerobic cell’s maximum flow rate.

The issues of long-term plan growth and cold temperature remediation are being
addressed in a separate proposal for extending the operating period of the existing
demonstration program. This test plan examines the use of alternate carbon sources

and the impact of increasing system flow rates.

Small scale test cells are being used in this test, rather than the large scale
demonstration cells, because steady state conditions are being maintained at the
demonstration site and time constraints limit opportunities to vary system conditions.

The smaller system’s operating conditions can be easily manipulated without




3.0

3.1

impacting the demonstration site. Their use assures the timely production of

information. The test cells proposed are similar to those used by TVA in the pre-

demonstration feasibility study.
Proposal

Overview of Experimental Setup and Operation

The proposed system will consist of four gravel-filled 40 ft3 containers or test cells.
The test cells will be located on the gravel bed just inside demonstration cell A1 above
the inlet header, Figure 3-1. Placing the test cells within demonstration cell A1 allows
effluent from the test cells to flow directly into the demonstration cell, eliminating

concerns about post-treatment of the test cell effluent. Placement at this location also |

significantly reduces the complexity of test cell design by reducing the need for sub-

system support.

Contaminated groundwater from the inlet piping to demonstration cell Al will be fed
to each test cell at a rate of 38 mU/min. This results in a retention time of 7.5 days per
cell. The total flow rate to all four test cells, 152 ml/min, will be approximately 0.8%

of the 5 gpm of flow entering demonstration cell Al.

Two of the containers, test cells 1 and 2, will be maintained at conditions similar to
those in demonstration cell Al. Conditions in the other two test cells, cells 3 and 4,
will be manipulated. All of the test cells will be planted with a mixture of wool grass,
canary grass, and sweet flag. The gravel in each container will be inoculated with a
small charge of gravel from the existing wetlands. Each test cell (Figure 3-2) will hold
108 gallons of water as estimated by a gravel porosity of 45%. Construction and

operational details are provided in Appendix A.
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Three tests are envisioned.

e Use of syrup (sucrose) as a carbon source
e Use of sewage as a carbon source (sewage sludge inoculated with sewage
wastewater)

e System response to a doubling of the iniet flow rate

Experimental parameters for the three tests are summarized in Table 3-1. During the
first test, the use of syrup (50% sucrose) as a carbon source will be examined. During
the syrup test, test cells 1 and 2 will be operated using powdered milk while syrup is
used in test cells 3 and 4. Throughout the syrup test, all of the test cell’s other
operating parameters will be maintained as in the demonstration unit with one
exception: the carbon dose rate for the syrup will be increased. The carbon dose rate is
presently once every two weeks in the demonstration unit and will be increased to once
every 12 hours in the test cells. The dose rate for the powdered milk will remain at
once every two weeks as in the demonstration test plan. The dose rate for the
powdered milk will not be altered because milk powder’s low solubility makes it a
poor candidate for unattended addition. The syrup with be added to the test cells via a

piston pump.

The syrup test will be conducted over a four-week period. During this time, two sets
of water samples will be obtained from selected points within each test cell. One
sample set will be collected after the second week of operation. The second sampie set
will be collected at the end of week four. Sample point identification and information
about the analysis to be obtained are provided in Section 3.2 “Overview of Sampling -

Operations.”

The use of sewage wastewater as a carbon source will be examined during the second
test. The sewage test will begin immediately after the syrup test is complete with no
transition time. Prior to conducting the sewage test, the water in each test cell will be
removed and replaced with fresh water from well MI-051. The sewage wastewater’s
components, treated wastewater and sewage sludge, will be obtained just downstream

of the primary treatment unit from a Milan Army Ammunition Plant (MAAP) or TVA
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wastewater treatment unit. Of the two components, sewage sludge is the primary
carbon source. The sewage sludge and treated wastewater will be mixed into a slurry
similar to a milk powder slurry and be pumped into test cells 3 and 4 every two weeks.
The procedures to be used are the same as those indicated above for the syrup test;
except the sewage dose rate will be once every two weeks rather than the syrup dose
rate of once every twelve hours. Prior to initiating this test, the sewage slurry will be
sampled and analyzed for metals, total organic carbon (TOC), total nitrogen, total
phosphorus, chemical oxygen demand (COD), volatile and semi-volatile organics
(optional). Total volatile and semi-volatile organics will be analyzed only if the
sewage wastewater’s origin suggests the presence of organic compounds (solvents,
oils, etc.) is possible. The sewage dosage to be used in the test cells will provide a
total carbon dose equal to the sucrose and will be based on the sewage slurry’s carbon
content. Sample point identification and information about the analyses to be obtained

are provided in Section 3.2 “Overview of Sampling Operations.”

During the third test, an increase in the flow rate of the contaminated groundwater will
be studied. Two carbon sources, milk powder and syrup, will be used during the high
flow rate test. Test cells 1 and 2 will be operated with milk powder. The flow rate in
cell 1 will be maintained at 38 ml/min while the flow rate in cell 2 will be increased to
76 ml/min. Test cells 3 and 4 will be operated with syrup. The flow rate in test cell 3
will be maintained at 38 ml/min while the flow rate in test cell 4 will be increased to
76 ml/min. Each test cell will be subject to different operating conditions, thus no

replication will be present during this test.

The flow rate test will be conducted over a two-week period. A single set of samples -
will be obtained from the system at the end of the test period. Sample point
identification and information about the analyses to be obtained are provided in

Section 3.2 “Overview of Sampling Operations.”

As indicated in the attached GANTT chart, the project will be completed by 28 August
1997 (Figure 3-3).
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3.2

Overview of Sampling Operations

Sampling will be performed with three objectives in mind:

e Monitoring of ambient system conditions.
e Assessing the efficiency of the treatment systems.

e Assessing sewage wastewater characteristics.

Ambient conditions to be monitored include: water flow rate, dissolved oxygen
content, pH, temperature, oxidation-reduction potential, and electrical conductivity
(EC). Treatment efficiency is to be assessed by analysis for explosive content,
explosive byproduct content, chemical oxygen demand (COD), total organic carbon
(TOC), and plant nutrient levels. Sewage wastewater characteristics are to be assessed
by analysis for metals, volatile and semi-volatile organics, total organic carbon,

chemical oxygen demand, Total Kjeldahl Nitrogen (TKN), and total phosphorus.

The number of water sample sets to be collected from each test cell will vary with the
type of test to be conducted. During the syrup and sewage tests, two sets of water
samples will be obtained from each test cell. One set will be collected after two weeks

'of operations, the second at the end of week four. During the high flow rate test, only

a single set of water samples will be obtained from the test cells. In addition, just prior
to the sewage treatment test, a sample of the sewage will be obtained and analyzed for

the parameters listed in Table 3-2.

The sample collected from each test cell will be identical. A summary outlining the
analytical parameters is provided in Table 3-3. The locations of the sampling points

are illustrated in Figure 3-4. Sample positions 1 through 9 refer to:

e A composite sample of the influents to each test cell (sample point 1)

e The sampling well located at the mid-point of each test cell (sample points 2, 4,
6, 8) |

e The effluents of each test cell (sample points 3, 5, 7, 9)




Table 3-2

‘Sample Parameters for Determining Sewage Wastewater Characteristics

Parameters Frequency Method
Explosives
TNT Once Modified 8330
RDX Once Modified 8330
TNB Once Modified 8330
HMX Once Modified 8330
2,4 DNT Once Modified 8330
2,6 DNT Once Modified 8330
Explosives Byproducts
2A-DNT (TNT byproduct) Once Modified 8330
4A-DNT (TNT byproduct) Once Modified 8330
2,6 DANT  (TNT byproduct) Once Modified 8330
2,4 DANT  (TNT byproduct) Once Modified 8330
Mono-nitroso RDX (RDX byproduct) Once Modified 8330
Tri-nitroso RDX  (RDX byproduct) Once Modified 8330
Other
Metals (As, Ca, Cd, Cu, Fe, Hg, Mg, Mn, Once 200 Series
Ni, Pb, Se, Zn)
Total Volatile and Semi-volatile Organics ' Once 8260A & 8270B
Total Organic Carbon (TOC) Once 415 Series
Chemical Oxygen Demand (COD) Once 410 Series -
Plant Nutrients
Total Kjeldahl Nitrogen (TKN) Once 351 Series
Total Phosphorus Once Lachat 10-115-10-1-C

'Will be done only if the nature of the wastewater source indicates the possible presence of

organics (solvents, oils. etc.)
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Table 3-3

Sampling Parameters for Determining Treatment System Efficiency

Water Quality Parameters Frequency Method' Position
Number?
Explosives (Total Nitrobodies)
TNT At end of week 2 & week 4 Modified 8330 1-9
RDX At end of week 2 & week 4 Modified 8330 1-9
TNB At end of week 2 & week 4 Modified 8330 1-9
HMX At end of week 2 & week 4 Modified 8330 1-9
2,4 DNT At end of week 2 & week 4 Modified 8330 1-9
2,6 DNT At end of week 2 & week 4 Modified 8330 1-9
Explosives Byproducts .
2A-DNT (TNT byproduct) At end of week 2 & week 4 Modified 8330 1-9
4A-DNT (TNT byproduct) At end of week 2 & week 4 Modified 8330 1-9
2,6 DANT (TNT byproduct) At end of week 2 & week 4 Modified 8330 1-9
2,4DANT  (TNT byproduct) At end of week 2 & week 4 Modified 8330 1-9
Mono-nitroso RDX (RDX byproduct) | At end of week 2 & week 4 Modified 8330 1-9
Tri-nitroso RDX  (RDX byproduct) | Atend of week 2 & week 4 Modified 8330 1-9
Test Cell Monitoring _
pH, DO, Temperature, and EC At end of week 2 & week 4 Meter® 1-9 at
(YSI 600 sonde) mid-depth
Oxidation-reduction potential At end of week 2 & week 4 2580 1-9 at
mid-depth
Other
Total Organic Carbon (TOC) At end of week 2 & week 4 415 Series 1-9
Total Chemical Demand (COD) At end of week 2 & week 4 410 Series 1-9
Plant Nutrients
NH,-N Atend of week 2 & week 4 350 Series 1-9
TKN At end of week 2 & week 4 351 Series 1-9
(NO,;+NO,)-N At end of week 2 & week 4 353 Series 1-9
(PO,-P) At end of week 2 & week 4 365 Series 1-9

(1) See Appendix B of test plan for details on methods and procedures.

(2) See location of sampling positions in Figure 3-2.
(3) Meter methods: pH method 150.1; DO method 360.1; Temperature method 170.1; EC method 120.1

Oxidation-reduction potential. or redox potential, is measured by method 2580.
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t A composite influent water sample will be taken for laboratory
analysis. In-situ measurements with a hand-held sonde will be taken in
the well next to the header.

¥ Effluent water sample leaving the system will be taken for laboratory
analysis. In-situ measurements with a hand-held sonde will be taken in

the well next to the header.

Figure 3-4
Location of Sample Points
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‘ The water samples at points 1-9 will be analyzed for explosive content, explosive
byproduct content. TOC, COD, nutrient content (i.e., ammonium, nitrate, and

phosphate levels), pH, temperature, and electrical conductivity. The explosive

analytes include:

e 24,6 Trinitrotoluene (TNT)

e Hexahydro-1.3,5-trinitro-1,3,5-triazine (RDX)

e Trinitrobenzene (TNB)

e Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX)
e 2.4 Dinitrotoluene (2,4-DNT)

e and 2.6 Dinitrotoluene (2,6-DNT)

The total nitrobody count can be found by adding up the total concentration of the

explosives listed above.

.‘ By-products analytes included the TNT by-products:

e 2-amino dinitrotoluene (2ZA-DNT)
e 4-amino dinitrotoluene (4A-DNT)
e 2.6 diamino nitrotoluene (2,6-DANT)
e 2.4 diamino nitrotoluene (2,4-DANT)

And the RDX by-products:

e  Mononitroso RDX
e Trinitroso RDX

Analysis for COD and TOC are included to determine how much residual organic

carbon is released from the systems.

. ‘ Ambient conditions in the cell will also be measured at sample positions 1 through 9

for:
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o Dissolved oxygen (DO)

e pH

e Water temperature

e Electrical conductivity (EC)

e Oxidation-Reduction potential

The dissolved oxygen, pH, water temperature, and electrical conductivity
measurements will be collected using a hand-held sonde placed in the sampling wells.
Oxidation-reduction potential will be taken with in situ platinum tipped copper wire
and a portable mV meter and calomel reference electrode. The location of the in situ

measurements are described in Figure 3-4.

Water Sampling Procedures

During each sampling period, water samples from sampling points 1 through 9 (Figure '
3-4) will be collected from sampling points located in the test cells. Water from
sampling point 1 will be collected as a composite from the four inlets to each cell. The
water from sampling position 1 will be collected directly from the tubing delivering.
groundwater to the test cells. Effluent water (sampling positions 3, 5, 7, and 9) will be
collected from the effluent pipe from each test cell. The water samples collected from

interior wells (sampling positions 2, 4, 6, and 8) will be taken as whole water column

samples with a coliwasa tube.

In all cases where water samples are obtained, approximately 300 ml of water will be
collected and placed in a stainless steel beaker. Part of the solution will be transferred
to a 60 mL amber glass bottle wrapped in aluminum foil. This sample will undergo
analysis for explosives and explosive byproducts. A second part of the sample will be
transferred to a 60 mL plastic bottle. This sample will undergo COD analysis (to be
conducted within 24 hours of collection). A third part of the sample will be transferred
to a 120 mL plastic bottle. This sample will undergo nutrient analyses. The third
sample will be preserved with 1.1 mL of 1 N H2SO4. All collection containers will be

placed in an ice chest containing ice or a commercial ice substitute and will be
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transported to TVA’s laboratory in Muscle Shoals, AL in the custody of a TVA
employee. The samples will be refrigerated upon arrival at the lab. All samples

received from the test site will be handled in accordance with TVA’s chain of custody

procedures.

After collecting the water samples, the pH, DO, water temperature, EC, and oxidation-
reduction potential of the system’s water will be determined at all sampling positions
with portable probes in each sampling well at mid-depth. The pH, DO, temperature,

EC, and oxidation-reduction potential will be monitored and recorded on a data

collection sheet in the field.

Prior to conducting the test with sewage wastewater, a wastewater sample will be
collected and analyzed as in Table 3-2. In this case, approximately 300 ml of water
will be collected and placed in a stainless steel beaker. Part of the solution will be
transferred to a 60 mL amber glass bottle wrapped in aluminum foil for explosives and
explosive byproduct analyses. A second part of the sample will be transferred to a2 60
mL plastic bottle for COD analysis (to be determined within 24 h after collection). A
third part of the sample will be transferred to a 120 mL plastic bottle for nutrient and
metal analyses. The third sample will be preserved with 1.1 mL of 1 N HySO4. The
stainless steel beaker will then be used to collect additional wastewater samples. 80
ml will be transferred to two 40 ml glass containers with hole top type caps. These
samples will be submitted for volatile organic analysis. Two liters of the sewage
wastewater will be transferred to two 1-liter glass containers. These samples will be
submitted for analysis of semi-volatile organics. All collection containers will be -
placed in an ice chest containing ice or a commercial ice substitute and will be -
transported to TVA’s laboratory in Muscle Shoals, AL, in the custody of a TVA
employeé. The samples will be refrigerated upon arrival at the lab. All samples

received from the test site will be handled in accordance with TVA’s chain of custody

procedures.
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Sample Identification

Example sample identification codes for one sampling period are provided in Table 3-
4. Each identification code consists of a series of six (6) numbers, dates, or letters.

These items are listed according to the following code formula:

A.B.C.D.E.F

Where:

A = Serial count of the sample.

B = TR for treatability study (as distinguished from the demonstratioh study).
C = A code identifying the treatment cell number or a test of the sewage wastewater A
sample. Codes for the test cells are Cl, C2, C3, and C4. Composite influent
samples are designated as CC. The sewage wastewater is designated as SW.

D = Sample location numbers (1, 2, 3,4, 5,6, 7, 8, or 9).

E = Date sample was collected.

F = The initials of the individual collecting the sample.
For example, the fifth example identification code listed in Table 3-4 is:
5.TR.C2.5.6/24/97 .FIS
Where:

‘o The first code item, 5, is the serial count of that sample. ,

e The second code item, TR, identifies the sample as belonging to the treatability
study.

e The third code item, C2, indicates test cell 2.

e The fourth code item, 5, indicates sample point five.

e The fifth code item, 6/24/97, indicates the date the sample was taken.

o The letters of the sixth code item, FJS, provide the initials of the individual

taking the sample.
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Table 3-4

Example Sample ID Numbers

Test Cell

Example Sample ID

Composite influent into each
test cell

1.TR.CC.1.6/24/97.FJS

2.TR.C1.2.6/24/97.FJS

3.TR.C1.3.6/24/97.FJS

4.TR.C2.4.6/24/97.F]S

5.TR.C2.5.6/24/97.FIS

6.TR.C3.6.6/24/97.F]S

7.TR.C3.7.6/24/97 FJS

8.TR.C4.8.6/24/97.FJS

Bl Bl ] —|—

9.TR.C4.9.6/24/97.F]S

CC = Composite entering all cells.
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3.6

3.6.1

Sampling Equipment

The equipment to be used for collecting field and laboratory data is outlined in Table

3-5.

Dissolved oxygen, pH, electrical conductivity, temperature, and oxidation-reduction

potential will be determined in the field with hand-held instruments. A YSI 600 sonde

- will be used to measure DO, pH, EC, and temperature in one probe. Oxidation-

reduction potential will be determined by measuring the voitage of a platinum

electrode against a standard calomel electrode using an Orion hand-held pH meter with

a millivolt scale.

Explosive and explosive byproduct content will be determined in water-and sediments
collected from the field with high performance liquid chromatography. Total Kjeldahi
Nitrogen (TKN), NH4-N, NO3-N, and PO4-P will be determined colorimetrically via
an automatic analyzer. Volatile and semi-volatile organics will be determined by gas -
chromatography/mass spectrometry. Chemical oxygen demand will be determined by
a colorimetric analysis. The pH of water samples taken to the laboratory will be

analyzed with a glass electrode and pH meter.
All existing procedures are referenced in Appendices B-1 through B-14 of the Milan
demonstration test plan. Analyses for total phosphorus, volatile organics, and semi-

volatile organics are new to the demonstration program and procedures for these

analyses are in Appendices B, C and D respectively.

Quality Program

Quality Assurance

This plan is to be considered an extension of the existing demonstration test plan. All

QA objectives in the existing plan will be followed for these experiments.
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Table 3-5

Equipment Used for Data Collection

Field Data Equipment
DO, pH, EC, Temperature YSI 600 Sonde
Oxidation-reduction potential Orion mV/pH Meter
(Redox Potential)
Laboratory Data
Varian HPLC

Explosives and related by-products

TKN, NHg, NO3, POy, and

Total Phosphorus

Lachat Quick Chem 8000 or Technicon
AutoAnalyzer 11

Total organics (volatile and semi-volatile)

Gas Chromatograph/Mass Spectrometry

Dohrmann DC 190

Organic C

BOD Incubation and YSI DO probe
COD Hach DR/2000

pH Orion meter
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3.6.2

uality Control

The analysis to be conducted under this test plan will be performed as an extension of
the ongoing demonstration program. All quality control measures to be used in the
handling and analysis of these analyses will be identical to those used during the

ongoing demonstration. Where new analyses exist, the procedures provided in

Appendices B, C, and D will be followed.
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Appendix A
Construction and Operational Details

Supplies:

1. Containers: 4 galvanized containers (35"X90"X23") with 300 gallon capacity.

2. Gravel: 5.5 cubic yards is required

3. Plumbing: Headers will be constructed prior to 6/9. Supplies needed for on site
construction include:
e Y inch pipe-30 feet (all plumbing will be PVC)
e Yinch T's-6
e % inch gate valves-4
e YinchL's-12
e 4 inch (female) threaded adapter-4
e Y inch to tubing adapter-4
e tubing % inch, Tygon-5 feet
e tubingY -8
e | inch gate valves-2
e 1inchto % inch reducer-1
e PVCglue
e Y inch bulkhead-4
‘e Flow meter, Y inch, (total flow)-1

e 2 and 4 inch slotted PVC pipes for sample ports.

4. Tools:
o Drill, large
o Bit
e Shovels-3
e 5-gallon buckets-5
e Pipe cutters

e Misc. wrenches, pliers, etc.
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5.

Miscellaneous:

Polyethylene plastic-1 roll

Construction

Placement: The four containers will be placed (in-line) along the east wall of Al.

Some plants will be removed, But will be used later to sod the new cells.

Headers: Each cell will contain two inlet headers. The inlet headers will be made
of ¥ inch PVC pipe with % inch holes (6 holes per header). Placement will be at
6" and 14" from the bottom of the container. The outlet header will be constructed
of 1-inch PVC perforated pipe with solid PVC pipe connecting to outlet. The
perforated outlet lines will be placed at 6" and 14" from the bottom of the

container. The distance between the inlet and outlet headers will be 72."

Sample ports: Sample ports will be placed at beginning, middle and end of
system. The ports will be of perforated 2" PVC pipe. In addition to sample ports,
additional 3” ports will be placed at the extreme ends of the cell to allow for

circulating milk powder.
Filling: Containers will be filled with 1 % to Y inch river gravel.

Inoculation: As the cell is filled with clean gravel, inoculated gravel from A1 will
be added and mixed. The ratio will be 1 gallon of inoculating gravel for each 2” of
clean gravel added to the cell. The inoculating gravel will be obtained from 4
locations in Al (% taken from each location). Upon completion, clean gravel will
be added to replace the gravel taken from Al and marked with a piece of labeled
PVC pipe to insure that sampling will not occur at that location in the
demonstration program. In addition, 5 gallons of water will be taken from a
sample well in Al and added with each 2" of gravel. The balance of water needed

to fill the cells (keeping the gravel covered will prevent the introduction of oxygen
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to microbes on the gravel substrate) will be tap water and will be added with each
. 2” layer of gravel added.

6. Feeding: Two of the new test cells will be fed with milk powder similar to Al.
Upon completion of construction, milk will be fed to two cells (286 grams each)
and circulated via a drum pufnp and outlet pipe at the ends of the cells. A solution
of sucrose (food grade) will be dissolved in water and fed to the two remaining
cells. As with milk powder, 286 grams will be added and the cell circulated. In
addition to the sucrose, 5 grams of monoammonium phosphate (27%P) will be
added as a source of P (milk powder contains P, but sucrose does not; N is

available from ground water).

Operation

1. Following a 7-day acclamation period, the cells will be operated as follows:

‘ e 286 grams of milk powder will be added to the milk-fed cells as a suspension
and circulated as during start-up. The milk powder suspension will be added

and recirculated every 2 weeks as in the demonstration test cell A1.

e For the sugar-fed cells, an aqueous flow of food grade sugar solution (50%
w/w) with ammonium phosphate (0.87% w/w) will be used. The sugar
solution will be fed intermittently using a piston pump and timer. The sugar
solution will be fed into the incoming ground-water feed line and pass through
a mixing coil before going to the influent headers. The total amount of sugar .
fed will be 286 grams in a 14-day period. With a density of 1.23 g/ml for the
50% w/w solution, 286 grams is equivalent to 465 ml. The solution will be

delivered at a rate of 33 ml every 24 hours or 16.5 ml every 12 hours.
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When using sewage as the carbon (C) source, the feed rate will depend on the

C concentration according to the following equation:
129 g* 100/(1000 * X * 1g/ml) =Y

where 129 g is the amount of C added as milk powder over a 14-day period
(assuming 45% C content); X is the percent C concentration in the sewage
wastewater (a combination of treated wastewater and sewage sludge); 1 g/mi
is the density of the sewage wastewater; and Y is the volume in liters of
sewage wastewater to be added over a 14-day period. For example, assuming
a 1% C content in the water, 12.9 L would be added over 14 days. The
solution will be fed into the cells every two weeks as is done with the milk
powder solution. Here 45% carbon is assumed for the milk powder and a

density of 1 g/ml is assumed for the sewage wastewater.

A flow of 38 mL per minute of ground water (nitrobody contaminated) will be
initiated to all cells. Flow will be controlled with a gate valve and measured
with -graduated cylinder/stop watch. Total flow to the four cells will be

monitored with a totalizing flow meter.

Sampling/data acquisition will occur after two weeks and will continue on

two-week intervals corresponding to other bi-weekly sampling at the facility.
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Appendix B
Total Phosphorus By Flow Injector Analyzer




WP-0022 - Total Phosphorus by Flow Injection Analyzer
June 19, 1997

1.0 Procedure

Perform analysis for total phosphorus in accordance with the procedure for Lachat Quick
Chem 8000 flow injection analyzer as attached.

2.0 Recordkeeping

retain all machine printouts. analysis worksheets. preparation worksheets, percent
recovery calculation of quality control samples, standards preparation log, and notes as

quality assurance records.

3.0 Quality Control Sampies

For each batch of samples, perform a method blank, reagent blank. and a calibration
check sample. For each batch, introduce one quality control sample made from a separate
stock than that used to calibrate the machine. Where possible, for each batch analyze one
matrix spike sample. For each batch analyze a matrix spike duplicate or a sample

duplicate.

WG

William J. Refgﬁ |

Quality Assurance Officer




@ |ACHAT

INSTRUMENTS

QuikChem Method 10-115-01-1-C

Total Phosphorus in Kjeldahl Digests

0.01 to 5.0 mg P/L
- Principle —

Water samples are digested with sulfuric acid in a block digestor. Using a mercuric
oxide catalyst, the samples' phosphorus is converted to the orthophosphate anion.
Potassium sulfate is also added to raise the boiling temperature of the digestion and speed-
the conversion to orthophosphate. The digest is diluted with water.

The orthophosphate ion (PO43-) reacts with ammonium molybdate and antimony

potassium tartrate under acidic conditions to form a complex. This complex is reduced

with ascorbic acid to form a blue complex which absorbs light at 880 nm. The
' absorbance is proportional to the concentration of orthophosphate in the sample.

-- Interferences --

1. Silica forms a pale blue complex which also absorbs at 880 nm. This interference is
generally insignificant as a silica concentration of approximately 4000 ppm would be
required to produce a 1 ppm positive error in orthophosphate.

2. Concentrations of ferric iron greater than 50 mg/L will cause a negative error due to
competition with the complex for the reducing agent ascorbic acid. Samples high in iron
can be pretreated with sodium bisulfite to eliminate this interference. Treatment with
bisulfite will also remove the interference due to arsenates.

3. Glassware contamination is a problem in low level phosphorus determinations.
Glassware should be washed with 1:1 HCl and rinsed with deionized water.
Commercial detergents should rarely be needed but, if they are used, use special
phosphate-free preparations for lab glassware.

-- Special Apparatus --

" 1. Heating Unit |
2. Block Digestor/75 mL (Lachat Part No. 1800-000)

Revised by Karin Wendt 30 May 1995 and written and copyrighted by N. Liao © on 10 October 1994 by Lachat
Instruments, 6645 West Mill Road, Milwaukee, WT 53218, USA. Phone: 1-414-358-4200 FAX: 1-414-358-

4206. This document is the property of Lachat Instruments. Unauthorized copying of this document is prohibited.




j:\uscrs\tsd\ws\methods\lOllS 11c.doc 1011511c-page 2

Contents
1. SCOPE AND APPLICATION ..ccuiiiiiieeineeeneeecroncccscaassosssssssssensassssonsssessanresssssassassranes 3
2. SUMMARY OF METHOD .....ooeeeeeeeeeeeeeeeesssssssesesssessesssessssasssssscsencnsnssesessseseseses 3
3. DEFINITIONS «.voveveeeseseseseseesesestesesasassesssesasassssessssassesesasssssssssssssseseussesesesssasasnss 3
4. INTERFERENCES......eueeveeeeeseeeeessesesessseessssssssssssesesssesasasasasssesasesenssssesesssesssnsanens 4
5. SAFETY wooeeovesessesesesesasasssnsesesaesssssetasasssstsasesesasatassasasasssasssssnsssesssencssssesssssesans 5
6. EQUIPMENT AND SUPPLIES ......ccvvonneeseeeseeeresessssessssomsssssssssssssnessssssasessssssannns 5
7. REAGENTS AND STANDARDS .......e.vvmviniecesseseresesssesesesassassssssssesssssesesssssasasssas 6
7.1 PREPARATION OF REAGENTS .....ecuvumuerererereressreseseseassessasssssesens 6
7.2 PREPARATION OF STANDARDS. ... oot eiiiiciiiietitecccctcesnnsscascscasns 9
8. SAMPLE COLLECTION, PRESERVATION AND STORAGE......ccccteieieiarieniereniiecencenenns 11
9. QUALITY CONTROL (USEPA GUIDELINE)....ccccuttiiiuiruceecrnemncenceonecnreneernnecesrassasesns 11
10. CALIBRATION AND STANDARDIZATION ......cuvururremeresesesesesesnsesnssssesesssenssssasnnnes 14
11. PROCEDURE .....enveeeemeeeseseseassoessssasassssssesasssassesasesassesassssssssssnssesssssesssssnsssssasns 14
11.1. DIGESTION PROCEDURE........c.coevereeeueennns e eeesseee 14
11.2. SYSTEM START-UP PROCEDURE......ccciciiiiricecnescrsiesccnnnccoscessnnses 15
11.3. SYSTEM NOTES ...couiieinriiieteccnccecccsessssessossessssssssssssessnsansassansns 15
12. DATA ANALYSIS AND CALCULATIONS ...covvimiiinrenrincanerececccencocsoncncanes eeeeeonnnnnes 16
13. METHOD PERFORMANCE ........ 16
14. POLLUTION PREVENTION. .....vvvevsuevsuesesesesesesesesesesssassssssssssssssasestsssssenssesssasacs 16
15. WASTE MANAGEMENT «...neeeveeereneeesescsssesssssesesesesesssesasssasssasasssssssensssnsssssnsseses 17
16. REFERENCES ....ueuveveeeeseeesesssesesensessessssasassesesssssesesssssasesasessssssnssssssssssiseasssssnes 17
17. TABLE, DIAGRAMS, FLOWCHARTS, AND VALIDATION DATA.....ccceiiaircecarnncnnenas 18
17.1. TOTAL KJELDAHL PHOSPHORUS MANIFOLD DIAGRAM: .............. 18
17.3. QUIKCHEM AE SUPPORT DATA ...cuouvuereeenereneresssesesesanssssessasacsees 20
17.4. DATA PARAMETERS FOR THE QUIKCHEM 8000 .......cceveveeemeececees 28
17.5. QUIKCHEM 8000 METHOD SUPPORT DATA...cccoiiiiirienrcincenees 29
053095kw




QUIKCHEM METHOD 10-115-01-1-C

DETERMINATION OF TOTAL PHOSPHORUS BY
FLOW INJECTION ANALYSIS COLORIMETRY

1. _SCOPE AND APPLICATION

1.1.

This method covers the determination of total phosphorus in Kjeldahl digests.

1.2. The method is based on reactions that are specific for the orthophosphate ion.

1.3.

The applicable range is 0.01 to 5.0 mg P/L. The method detection limit (MDL) is
0.003 mg P/L. Approximately 60 samples per hour can be analyzed.

2. SUMMARY OF METHOD

2.1.

2.2.

Water samples are digested with sulfuric acid in a block digestor with a mercuric oxide
catalyst, the samples' phosphorus is converted to the orthophosphate anion. Potassium
sulfate is also added to raise the boiling temperature of the digestion and speed the
conversion to orthophosphate. The digest is diluted with water.

The orthophosphate ion (PO43-) reacts with ammonium molybdate and antimony
potassium tartrate under acidic conditions to form a complex. This complex is reduced
with ascorbic acid to form a blue complex which absorbs light at 880 nm. The
absorbance is proportional to the concentration of orthophosphate in the sample.

3.1

3.2.

3.3.

3.4.

CALIBRATION BLANK (CB) — A volume of reagent water fortified with the same
matrix as the calibration standards, but without the analytes, internal standards, or

surrogate anaiytes.

CALIBRATION STANDARD (CAL) -- A solution prepared from the primary dilution
standard solution or stock standard solutions and the internal standards and surrogate
analytes. The CAL solutions are used to calibrate the instrument response with respect

to analyte concentration.

INSTRUMENT PERFORMANCE CHECK SOLUTION (IPC) — A solution of one or
more method analytes, surrogates, internal standards, or other test substances used to
evaluate the performance of the instrument system with respect to a defined set of

criteria.
LABORATORY FORTIFIED BLANK (LFB) -- an aliquot of reagent water or other
blank matrices to which known quantities of the method analytes are added in the

laboratory. The LFB is analyzed exactly like a sample, and its purpose is to determine
whether the methodology is in control, and whether the laboratory is capable of making

accurate and precise measurements.
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3.6.

3.7.

3.8.

‘ 3.9.

3.10.

3.11.

3.12.

LABORATORY FORTIFIED SAMPLE MARIX (LFM) - An aliquot of an
environmental sample to which known quantities of the method analytes are added in
the laboratory. The LFM is analyzed exactly like sample, and its purpose is to
determine whether the sample matrix contributes bias to the analytical results. The
background concentrations of the analytes in the sample matrix must be determined in a
separate aliquot and the measured values in the LFM corrected for background

concentrations.

LABORATORY REAGENT BLANK (LRB) --'An aliquot of reagent water or other
blank matrices that are treated exactly as a sample including exposure to all glassware,
equipment, solvents, reagents, internal standards, and surrogates that are used with
other samples. The LRB is used to determine if method analytes or other interferences
are present in the laboratory environment, the reagents, or the apparatus.

LINEAR CALIBRATION RANGE (LCR) — The concentration range over which the
instrument response is linear.

MATERIAL SAFETY DATA SHEET (MSDS) -- Written information provided by
vendors concerning a chemical's toxicity, health hazards, physical properties, fire, and

reactivity data including storage, spill, and handling precautions.

METHOD DETECTION LIMIT (MDL) — The minimum concentration of an analyte
that can be identified, measured and reported with 99% confidence that the analyte

concentration is greater than zero.

QUALITY CONTROL SAMPLE (QCS) — A solution of method analytes of known
concentrations that is used to fortify an aliquot of LRB or sample matrix. The QCS is
obtained from a source external to the laboratory and different from the source of
calibration standards. It is used to check laboratory performance with externaily

prepared test materials.

STOCK STANDARD SOLUTION (SSS) — A concentrated solution containing one or
more method analytes prepared in the laboratory using assayed reference matenals or

purchased from a reputable commercial source.

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY (USEPA) - 26
West Martin Luther King Drive, Cincinnati, Ohio 45268, (513) 569-7453.

4.1.

o -

Silica forms a pale blue complex which also absorbs at 880 nm. This interference is
generally insignificant as a silica concentration of approximately 4000 ppm would be
required to produce a 1 ppm positive error in orthophosphate.

Concentrations of ferric iron greater than 50 mg/L will cause a negative error due to
competition with the complex for the reducing agent ascorbic acid. Samples high in iron
can be pretreated with sodium bisulfite to eliminate this interference. Treatment with
bisulfite will also remove the interference due to arsenates.
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Glassware contamination is a problem in low level phosphorus determinations.
Glassware should be washed with 1:1 HCl and rinsed with deionized water.
Commercial detergents should rarely be needed but, if they are used, use special
phosphate-free preparations for lab glassware.

S, SAFETY

5.1

5.2.

5.3.

6.1.
6.2.

6.3.

® -

The toxicity or carcinogenicity of each reagent used in this method has not been fully
established. Each chemical should be regarded as a potential health hazard and
exposure should be as low as reasonably achievable. Cautions are included for known

extremely hazardous materials.

Each laboratory is responsible for maintaining a current awareness file of OSHA
regulations regarding the safe handling of the chemicals specified in this method. A
reference file of Material Safety Data sheets (MSDS) should be made available to all
personnel involved in the chemical analysis. The preparauon of a formal safety plan is

also advisable.

The following chemicals have the potential to be highly toxic or hazardous, consult
MSDS.

5.3.1. Mercury
5.3.2. Sulfuric acid

Balance -- analytical, cépable of accurately weighing to the nez.irest 0.0001 g.

Glassware — Class A volumetric flasks and pipettes or plastic containers as required.
Samples may be stored in plastic or glass.

Flow injection analysis equipment designed to deliver and react sample and reagents in
the required order and ratios.

6.3.1. Sampler
6.3.2. Muitichannel proportioning pump

6.3.3. Reaction unit or manifold

6.3.4. Colorimetric detector
6.3.5. Data system
Special apparatus

6.4.1. Heating Unit

j:\users\tsd\ws\methods\1011511c.doc 1011511c-page § 053095kw




Jj:\users\tsd\ws\methods\1011511c.doc 1011511c-page 6

6.4.2. Block Digestor/75 mL (Lachat Part No. 1800-000)
6.4.3. 5 mL and 20 mL repipet dispensers

6.4.4. Vortex mixer

7.1 PREPARATION OF REAGENTS

Use deionized water (10 megohm) for all solutions.

Degassing with helium:

To prevent bubble formation, degas all solutions except the standards with helium.
Use He at 140 kPa (20 Ib/in2) through a helium degassing tube (Lachat Part 50100).
.Bubble He vigorously through the solution for one minute.

Reagent 1. Stock Mercuric Sulfate Solution

To a 100 mL volumetric flask, add 40 mL water, 10 mL concentrated sulfuric
acid (H2SO4), and 8 g red mercuric oxide (HgO). Stir with a magnetic stirrer at
low heat until dissolved, dilute to the mark, and invert to mix. Store up to tw

months. :

Reagent 2. Digestion solution

‘In a 1 L volumetric flask, add approximately 700 mL water, then add 200 mL

concentrated sulfuric acid (H2SO4). Add 133 g potassium sulfate (K2SO4). Add
25 mL Stock Mercuric Sulfate Solution (Reagent 1) and dilute to the mark. Mix
with a magnetic stirrer and allow the solution to cool. Dilute to the mark after the

solution has cooled. Prepare fresh monthly.

Reagent 3. Diluent 4.8% Sulfuric acid (For simulated standards)

By Volume: In a1 L volumetric flask containing approximately 600 mL water, ;add
240 mL Reagent 2 (Digestion Solution). Dilute to the mark and invert to mix.

By Weight: To a tared 1 L container, add 760 g water and 240 mL Reagent 2
(Digestion Solution). Invert to mix.

Reagent 4. Stock Ammonium Molybdate Solution

By Volume: In a 1 L volumerric flask dissolve 40.0 g ammonium molybdate

tetrahydrate [(NH4)6Mo07024-4H20] in approximately 800 mL water. Dilute to
the mark and mix with a magnetic stirrer for at least four hours. Store up to two

months in plastic and refrigerate.
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By Weight: To a tared 1 L conuiner add 40.0 g ammonium molybdate

tetrahydrate [(NH4)6M07024-4H20] and 983 g water. Mix with a magnetic stirrer
for at least four hours. Store up to two months in plastic and refrigerate.

Reagent 5. Stock Antimony Potassium Tartrate Solution

‘By Volume: Ina 1 L volumetric flask, dissolve 3.0 g antimony potassium tartrate

(potassium  antimonyl tartrate  hemihydrate K(SbO)(q:gH406-1/2H20) in
approximately 800 mL water. Dilute to the mark and mix with a magnetic stirrer
until dissolved. Store, up to two months, in a dark bottle and refrigerate. '

By Weight: To a 1 L dark, tared container add 3.0 g antimony potassium tartrate
(potassium antimonyl tartrate hemihydrate K(SbO)C3H406-1/2H20) and 995 g
water. Mix with a magnetic stirrer until dissolved. Store, up to two months, in a

dark bottle and refrigerate.

Reagent 6. Molybdate Color Reagent

By Volume: To a 1 L volumetric flask add about 500 mL water, and then add 213
mL Ammonium Molybdate Solution (Reagent 4) and 72 ml Antimony Potassium
Tartrate Solution (Reagent 5). Dilute to the mark and invert to mix. Degas with

helium. Prepare weekly.

By Weight: To a tared 1 L container add 715 g water, and then 213 g Ammonium

. Molybdate Solution (Reagent 4) and 72.0 g Antimony Potassium Tartrate

Solution (Reagent 5). Shake and degas with helium. Prepare weekly.

Reagent 7. Ascorbic Acid Reducing Solution W

By Volume: In a 1 L volumetric flask dissolve 60.0 g ascorbic acid in about 700
mL water. Dilute to the mark and mix with a magnetic stirrer. Degas this solution

0). Mix with a magnetic stirrer. Prepare fresh every two days.

By Weight: To a tared 1 L container, add 60.0 g ascorbic acid and 975 g water.
Mix with a magnetic stirrer until dissolved. Degas this solution with helium. Add
1.0 gm SDS (sodium dodecyl sulfate, Aldrich catalog no. 86,201-0). Mix with a
magnetic stirrer. Prepare fresh every two days.

Reagent 8. Sodium Chloride/Sodium Hydroxide Solution

By Volume: In a 1 L volumetric flask dissolve 160 g sodium chloride and 20 g
sodium hydroxide in about 600 ml water. Dilute to the mark and mix with a
magnetic stirrer. Degas this solution with helium. Prepare weekly.

By Weight: To a tared 1 L container, add 160 g sodium chloride and 20 g sodium
hydroxide, and 916 g water. Mix with a magnetic stirrer until dissolved. Degas this

solution with helium. Prepare weekly.

»°
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Reagent 9. Sulfuric Acid/Potassium Sulfate solution (Carrier)

The sulfuric acid concentration in the carrier needs to match the digestion matrix. The
table below shows the quantity of sulfuric acid required to prepare 1 L of the carrier so
that it will match some of the common digestion matrices. This table assumes 5 mL of

digestion solution is added to each sample. Prepare weekly.

Required Reagents

final volume of sulfuric acid potassium sulfate | DI water By Weight By Volume
digesrate (mL) (%v/v) (K2SO4)( g) (mL) sulfuric acid sulfuric acid
(HrS04) g | (H2SO4) (mL)
20 5.0 31.7 938 92.0 50
21* 4.8 31.7 940 88.3 48
25 4.0 31.7 948 73.6 40

* used in Lachat Method Support Data

Reagent 10. Sodium Hydroxide - EDTA Rinse

Dissolve 65 g sodium hydroxide (NaOH) and 6 g tetrasodium ethylenediamine
tetraacetic acid (Na4EDTA) in 1.0 L or 1.0 kg water. Prepare fresh monthly.
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7.2 PREPARATION OF STANDARDS

Non-Digested Standards
Standard 1. Stock Standard 250.0 mg P/L

In a 1 L volumetric flask dissolve 1.099 g primary standard grade anhydrous
potassium dihydrogen phosphate (KH2PO4) that has been dried for two hours at
1100C in about 800 mL water. Dilute to the mark with DI water and invert to mix.

Standard 2. Working Stock Standard Solution 5.00 mg P/L

By Volume: In a 250 mL volumetric flask, dilute 5.0 mL Stock Standard
(Standard 1) to the mark with Diluent (Reagent 3). Invert to mix.

Note:

Non-Digested standards will need to be labeled to reflect the changing concentration
or dilution which occurs during the digestion procedure. The following formula can
be used to calculate the adjustment. For example, using a final volume of 21 mL for
the digestate and an initial sample volume of 20 mL results in a labeled concentration
of a 5.25 mg P/L for a 5.00 mg P/L non-digested standard. If the digestion volumes
used by your laboratory require the digested equivalent adjustment, the digested
equivalents will be the values entered into the data system (e.g. 5.25 rather than 5.00

mg P/L).

Labeled non-digested standard concentration =final dioestate volume X standard
initial sample volume concentration

These standards will not be digested.

Working Standards (Prepare Daily) B C

Concentration (mg P/L)

By Volume
Volume (mL) of Standard 2 diluted | 250 100 50 25 5 0
to 250 mL with Reagent 3

By Weight
Weight (g) of Standard 2 diluted to | 250.0 100 50 25 5 0

final weight ( ~250 g) divide by
factor below with Reagent 3.

Division Factor 1.00 0.40 0.20 0.10 0.02 0
Divide exact weight of the standard
by this factor to give final weight

~monom -




Digested Standards

Standards prepared in DI water must be carried through the digestion procedure (see

section 11).

Standard 3. Working Stock Standard Solution 5.00 mg P/L

By Volume:

(Standard 1) to the mark with DI water. Invert to mix.

By Weight:

Working Standards (Prepare Daily)

Concentration mg P/L

By Volume

These standards will be digested

In a 250 mL volumetric flask, dilute 5.0 mL Stock Standard

To a tared 250 mL container add about 5.0 g Stock Standard
(Standard 1). Divide the actual weight of the solution added by 0.02 and make up to
this resulting total weight with DI water. Invert to mix.

Volume (mL) of Standard 3 diluted
to 250 mL with DI water.

250 100 50

By Weight

Weight (g) of Standard 3 diluted to
final weight (~250 g) divide by
factor below with DI water.

250.0 100 50

0.10

0.02

Division Factor
Divide exact weight of the standard
by this factor to give final weight

1.00 0.40 0.20

j:\users\tsd\ws\methods\1011511c.doc
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8. SAMPLE COLLECTION, PRESERVATION AND STORAGE

8.1.

8.2.

Samples should be collected in plastic or glass bottles. All bottles must be thoroughly
cleaned and rinsed with reagent water volume collected should be sufficient to insure a
representative sample, allow for replicate analysis (if required), and minimize waste

disposal.
Samples may be preserved by addition of a maximum of 2 mL of concentrated H2SO4

per liter to produce a pH less than 2 and stored at 40C. Acid preserved samples have a
holding time of 28 days. Sample digests should be run within one week of digestion.

9.1.

® -
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Each laboratory using this method is required to operate a formal quality control (QC)
program. The minimum requirements of this program consist of an initial
demonstration of laboratory capability, and the periodic analysis of laboratory reagent
blanks, fortified blanks and other laboratory solutions as a continuing check on
performance. The laboratory is required to maintain performance records that define

the quality of the data that are generated.
INITIAL DEMONSTRATION OF PERFORMANCE

9.2.1. The initial demonstration of performance is used to characterize instrument
performance (determination of LCRs and analysis of QCS) and laboratory
performance (determination of MDLs) prior to performing analyses by this:

method.

9.2.2. Linear Calibration Range (LCR) — The LCR must be determined initially and
verified every six months or whenever a significant change in instrument
response is observed or expected. The initial demonstration of linearity must
use sufficient standards to insure that the resulting curve is linear. The
verification of linearity must use a minimum of a blank and three standards. If
any verification data exceeds the initial values by +/- 10%, linearity must be
nonlinear, sufficient standards must be used to clearly define the nonlinear

portion.

9.2.3. Quality Control Sample (QCS) — When beginning the use of this method, on a
quarterly basis or as required to meet data-quality needs, verify the calibration
standards and acceptable instrument performance with the preparation and
analyses of a QCS. If the determined concentrations are not within +/-10% of
the stated values, performance of the determinative step of the method is
unacceptable. The source of the problem must be identified and corrected
before either proceeding with the initial determination of MDLs or continuing

with on-going analyses.
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9.2.4. Method Detection Limit (MDL) -- MDLs must be established for all analytes,

using reagent water (blank) fortified at a concentration of two to three times the
estimated instrument detection limit. To determine MDL values, take seven
replicate aliquots of the fortified reagent water and process through the entire
analytical method. Perform all calculations defined in the method and report the
concentration values in the appropriate units. Calculate the MDL as follows:

MDL =S

Where, t = Student's t value for a 99% confidence level and a standard
deviation estimate with n-1 degrees of freedom [t = 3.14 for seven replicates,
t= 2.528 for twenty one replicates]. S = standard deviation of the replicate

analyses.
MDLs should be determined every six months, when a new operator begins

work, or whenever there is a significant change in the background or instrument
response.

9.3 ASSESSING LABORATORY PERFORMANCE

9.3.1. Laboratory Reagent Blank (LRB) -~ The laboratory must analyze at least one

9.3.2.

9.3.3.

LRB with each batch of samples. Data produced are used to assess
contamination from the laboratory environment. Values that exceed the MDL
indicate laboratory or reagent contamination should be suspected and corrective
actions must be taken before continuing the analysis.

Laboratory Fortified Blank (LFB) — The laboratory must analyze at least one
LFB with each batch of samples. Calculate accuracy as percent recovery (Sect.
9.4.2). If the recovery of any analyte falls outside the required control limits of
90-110%, that analyte is judged out of control, and the source of the problem
should be identified and resolved before continuing analyses.

The laboratory must used LFB anaiyses data to assess laboratory performance
against the required control limits of 90-110%. When sufficient internal
performance data become available (usually a minimum of 20-30 analyses),
optional control limits can be developed from the percent mean recovery (X) and
the standard deviation (S) of the mean recovery. These data can be used to
establish the upper and lower control limits as follows:

UPPER CONTROL LIMIT = X +3S

LOWER CONTROL LIMIT = X-38

The optional control limits must be equal to or better than the required control
limits of 90-110%. After each five to ten new recovery measurements, new
control limits can be calculated using only the most recent 20-30 data points.
Also, the standard deviation (S) data should be used to establish an on-going
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9.3.4.

precision statement for the level of concentrations included in the LFB. These
data must be kept on file and be available for review.

Instruments Performance Check Solution (IPC) - For all determinations the
laboratory must analyze the IPC (a mid-range check standard) and a calibration
blank immediately following daily calibration, after every tenth sample (or more
frequently, if required) and at the end of the sample run. Analysis of the IPC
solution and calibration blank immediately following calibration must verify that
the instrument is within +/-10% of calibration. Subsequent analyses of the IPC
solution must verify the calibration is still within +/-10%. If the calibration
cannot be verified within the specified limits, reanalyze the IPC solution. If the
second analysis of the IPC solution confirms calibration to be outside the limits,
sample analysis must be discontinued, the cause determined and/or in the case of
drift the instrument recalibrated. All samples following the last acceptable IPC
solution must be reanalyzed. The analysis data of the calibration blank and IPC
solution must be kept on file with sample analyses data. "

9.4 ASSESSING ANALYTE RECOVERY AND DATA QUALITY

94.1.

9.4.2.

9.4.3.
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Laboratory Fortified Sample Matrix (LFM) — The laboratory must add a known
amount of analyte to a minimum of 10% of routine samples. In each case the
LFM aliquot must be a duplicate of the aliquot used for sample analysis. The
analyte concentration must be high enough to be detected above the original
sample and should not be less than four times the MDL. The added analyte
concentration should be the same as that used in the laboratory fortified blank.

Calculate the percent recovery for each analyte, corrected for concentrations
measured in the unfortified sample, and compare these values to the designated
LFM recovery range 90-110%. Percent recovery may be calculate using the

following equation:
C,-C
s

R= X100

Where, R = percent recovery
C = fortified sample concentration.
C = sample background concentration.
s = concentration equivalent of analyte added to sample.

If the recovery of any analyte falls outside the designated LFM recovery range
and the laboratory performance for that analyte is shown to be in control (sect.
9.3), the recovery problem encountered with the LFM is judged to be either
matrix or solution related, not system related.
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9.4.4. Where reference materials are available, they should be analyzed to provide
additional performance data. The analysis of reference samples is a valuable
tool for demonstrating the ability to perform the method acceptably.

10. CALIBRATION AND STANDARDIZATION

10.1.

10.2.
10.3.

10.4.

Prepare a series of at least three standards, covering the desired range, and a blank by
diluting suitable volumes of standard solution (suggested range in Section 7.2).

Calibrate the instrument as described in Section 11.

Prepare standard curve by plotting instrument response against concentration vaiues. A
calibration curve may be fitted to the calibration solution concentration/response data
using the computer. Acceptance or control limits should be established using the
difference between the measured value of the calibration solution and the "true value”

concentration.

After the calibration has established, it must be verified by the analysis of a suitable
quality control sample (QCS). If measurements exceed +/-10% of the established QCS
value, the analysis should be terminated and the instrument recalibrated. The new
calibration must be verified before continuing analysis. Periodic reanalysis of the QCS
is recommended as a continuing calibration check.

11.1.
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DIGESTION PROCEDURE

11.1.1. Both standards and samples should be carried through this procedure. If
samples have been preserved with sulfuric acid, standards should be preserved

in the same manner.

11.1.2. To a 20.0 mL sample add 5 mL digestion solution (Reagent 2) and mix. This
is efficiently accomplished using an acid resistant 5 mL repipet device (EM
Science, 108033-1, available through major scientific supply companies.)

11.1.3. Add two to four Hengar granules to each tube. Hengar (Alundum) granules are
effective for smooth boiling. They are available from Fisher Scientific, cat. no.
S145-500. Teflon boiling chips may be used as an alternative. :

11.1.4. Place tubes in the preheated block digestor for one hour at 160°C. Water from
the sample should have boiled off before increasing the temperature in step

11.1.6.
11.1.5. Place the cold fingers on the top of the sample tube.

11.1.6. Continue to digest for 1.5 additional hours with the controller set to 380 °C.
This time includes the ramp time for the block temperature to come up to 380

NSNS 1wy




OC. The typical ramp time is 50-60 minutes and 380 °C must be maintained
for 30 minutes.

" 11.1.7. Remove the samples from the block and allow about 10 minutes to cool.

11.1.8.

Add 20.0 mL water to each tube and vortex to mix. The final volume should

be 21 mlL.

11.1.9. Transfer the digestate into a clean labeled container. If samples are not run

immediately they should be covered tightly.

11.2. SYSTEM START-UP PROCEDURE

11.2.1.
11.2.2.

11.2.3.

11.2.4.

11.2.5.

11.2.6.

11.2.7.

Prepare reagent and standards as described in Section 7.

Set up manifold as shown in Section 17.1.

Input peak timing and integration} window parameters as suggested in Section
17.

Pump DI water through all reagent lines and check for leaks and smooth flow.
Switch to reagents and allow the system to equilibrate until a stable baseline is

achieved.

Place standards in the sampler, and fill the sample tray. Input the information
required by data system, such as concentration, replicates and QC scheme.

Calibrate the instrument by injecting the standards. The data system will then
associate the concentrations with responses for each standard.

After a stable baseline has been obtained, start the sampler and perform
analysis.

- 11.3. SYSTEM NOTES

11.3.1.

11.3.2.

’ 11.3.3.

Glassware contamination is a problem in low level phosphorus determinations.
Glassware should be washed with 1:1 HCIl and rinsed with deionized water.
Commercial detergents should rarely be needed but, if they are used, use
special phosphate-free preparations for lab glassware.

Allow 15 min for heating unit to warm up to 37°C.

If necessary, at end of run place the color reagent and ascorbic acid
transmission lines into the NaOH - EDTA solution (Reagent 10). Pump this

- solution for approximately five minutes to remove any precipitated reaction

products. Then place these lines in water and pump for an additional five

~minutes. Then pump dry all lines.
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11.3.4. If sample concentrations are greater than the high standard, the digested sample
should be diluted with diluent (Reagent 3). When the digital diluter is used,

Diluent (Reagent 3) should be used. Do pot dilute digested samples or
standards with DI water,

11.3.5. To analyzing digestion sample, prepare a standard curve by plotting heights of
digested standards against concentration values. Compute the concentrations by
comparing the sampie peak heights with the standard curve.

11.3.6. If simulation standards are used to prepare a standard curve, the response curve
has to be obtained by comparing to a digested standard curve.

12. DATA ANALYSIS AND CALCULATIONS

12.1.

12.2.

12.3.

Prepare a calibration curve by plotting instrument response against standard
concentration. Compute sample concentration by comparing sample response with the

standard curve.

Report only those values that fall between the lowest and the highest calibration
standards. Samples exceeding the highest standard should be diluted and reanalyzed.
Any sample whose computed value is less than 5% of its immediate predecessor must

be rerun.

Report resuits in mg P/L.

13.1.

'i’he method performance data are presented as method support. data in Section 17.2.
This data was generated according to Lachat Standard Operating Procedure JOO1WI,
Lachat FIA Support Data Generation.
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14.1.

14.2.

14.3.

Pollution prevention encompasses any technique that reduces or eliminates the quantity
or toxicity of waste at the point of generation. Numerous opportunities for pollution
prevention exist in laboratory operation. The USEPA has established a preferred
hierarchy of environmental management techniques that places pollution prevention as
the management option of first choice. Whenever feasible, laboratory personnel should
use pollution prevention techniques to address their waste generation. When wastes
cannot be feasibly reduced at the source, the Agency recommends recycling as the next

best option.

The quantity of chemicals purchased should be based on expected usage during its shelf
life and disposal cost of unused material. Actual reagent preparation volumes should
reflect anticipated usage and reagent stability.

For information about pollution prevention that may be applicable to laboratories and
research institutions, consult "Less is Better: Laboratory Chemical Society's
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Department of Government Regulations and Science Policy”, 115 16th Street N. W.,
Washington D. C. 20036, (202) 872-4477.

15.1. The USEPA requires that labofatory waste management practice be conducted

consistent with all applicable rules and regulations. Excess reagents, samples and
method process wastes should be characterized and disposed of in an acceptable
manner. The agency urges laboratories to protect the air, water, and land by
minimizing and controlling all releases from hoods, and bench operations, complying
with the letter and spirit of any waster discharge permit and regulations, and by
complying with all solid and hazardous waste regulations, and by complying with all
solid and hazardous waste regulations, particularly the hazardous waste identification
rules and land disposal restrictions. For further information on waste management
consult the "Waste Management Manual for Laboratory Personnel”, available from the
American Chemical Society at the address listed in Sect. 14.3.
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16.1. U.S. Environmental Protection Agency, Methods for Chemical Analysis of Water and

Wastes, EPA-600/4-79-020, Revised March 1983, Method 365.4

16.2. Methods for Determination of Inorganic Substances in Water and Fluvial Sediments.

Book 5. Chapter Al. U.S. Department of the Interior, U.S. Geological Survey,
Method I-2601-78. : :

16.3. Lachat Instruments, QuikChem Method 10-115-01-1-C revised by Ann Zuehlke and

Kevin Switala on 13 July 1992.

16.4. Guideline and Format for EMSL-Cincinnati Methods. EPA-600/8-83-020, August

1983.
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17.1. TOTAL KJELDAHL PHOSPHORUS MANIFOLD DIAGRAM:

PUMP FLOW|
Probe Rinse
green v
Ascorbic Acid ¢ 7 Notel 5 flow cell
orange =]
Ir Note 2
Molybdate Color Reagent # 6 45
orange waste
NaCl-NaOH #8 7
orange - white
CARRIER [#9 2, —3
red 1 D)4
SAMPLE R
en » to port 6 of next valve
g 6 5 or waste
Sampleloop= 25cm=x 0.8 mmid. Interference Fiter = 880 nm

QC8000 Sample loop= 30.5cmx0.8mmid

CARRIER is sulfuric acid/potassium sulfate solution (Reagent 9).

4.5is 70.0 cm of tubing on a 4.5 cm coil support

7 is 135 cm of tubing on a 7 cm coil support

APPARATUS: Standard valve, flow cell, and detector head modules are used.
All manifold tubing is 0.8 mm (0.032 in.) i.d. This is 5.2 uL/cm.

Note 1: 175 cm of heated tubing.

Note 2: 2 meter restrictor coil, 0.52 mm (0.022 in.) i.d.
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. 17.2 Data System Parameters for the QuikChem AE

Sample throughput: 60 samples/hour; 60 s/sample
Pump speed: 35
Cycle Period: 60 s

Inject to start of peak period: 28s
Inject to end of peak period: 86 s

Presentation, Data Window

Top Scale Response: 0.50 abs
Bottom Scale Response: 0.00 abs
Segment/Boundaries: A: 5.00 mg P/L
0.10 mg P/L
F: 0.00mmg P/L

Series 4000/System IV Settings: Gain = 330x 1
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17.3. QUIKCHEM AE SUPPORT DATA

17.3.1. Support Data for Non-Digested Standards
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Calibraticen 08/10/1993, 02122 pu

). Standard & (1)
1. Staadard & 12)
2 Staadard B 11}
2. Staard B 12

3 Stasdard € (1)

3. Stasdard € 12
L Sluasrd 3 1)
L Slasdars 0 (2}
S Slasdard € 1)
L Sludard £ 121
5 Stardird F 11)

& Staatard F 121

g.aa

A TS

Fu!lb{:tlun

R A Y it

2 tate 3 donmem

£33001902)

htd mq PoL’
s.000
2.000
1.000
0,300
a.100
g.000

"TTMhooo S

rc 0

4

8
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. .

fack | (Nafi: 930810U2) ©0A&/16/1993, 02137 pu

o aemea 4 T .
TKP(simulated)
102 Mask i) -
st s mg P/L Carryover:
161 Mk (1) - .( A 4.994 © x=0.000 mg P/L
100, Mask (13 1 — -0.014 $=0.001 mg P/L
0 Mk (1) - . 0.000 t=2262 ‘
106 dlasa (1) - - -0.001 95%CI =0.000 +/- 0.001 mg P/L.
100, Mack 112 - - -0.001
106 Mask (1) —_— _ 0.001 EMDL:
100 Mlask (11 . | 0.001 $=0.00l mgP/L
e Maa (1 . 0.00t 1=4.65
il -0.001 EMDL =0.005 mg P/L
111, Mas (1) - X
: 0.001
N2 Mask (1) - -
0.001
- 0.000
fack | (Rafs 92001003) 0071071933, 03:3% pa
101, 1.0 »g PR 11 - o
mg P/L Precision:
102 1.0 wy PR (1) - — ~.‘l.006 x=1.010mgPL
' 1.0 wg PA. 11) - - . * 1003 s =0.003 mg P/L.
oL 1.0 my PA (1) -1 1.G:0 %RSD =03%
L 105 1.8 wy PR 11D o] 1.011
106 1.0 v PR L1 R ¢ 1.009
190 1.8 w PA U1} i —_ 1.009
1oL 1.0 5 A 11) I E : 1013
P 1.012
LRy LN - { .
w —_— 1.011
110, 1.0 29 PA 11 -
" 1.011
Rach 1| (fuf: 93081010} 0871071993, 04129 pu
. .. mg P/L MDL:
108, .10 w PA 11D ; " 0103 x=0.102 mg PL
2 Liesgr . ) 0.100 s =0.001 mg P/L
103 018 0y P 11 - N ’ : © 0103 t=2.821
1k 010 = PA 102 - _ A 0.102 MDL = 0.003 mg P/L.
105 610 »g PA L) - - 0.102-
. l 2 0.100
166 6,10 wy PA. (1) ———
107, 010 g PAL {13 - e
0.101
seh 016 0y PR 11D - .
0.102
L 010 oy PA (1) -
wen A S0l

commm _(
o -
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fRack 1 (Rwfi1 93081004) 008/10/1923, 02:008 pa

191, 0.03 uy PA 11} ’ mg P/L MDL:
0.049 x=0.0483 mg P/L
102, 0.63 0g PA (12 ' - . 0.048 s=0.001 mgP/L
101, .03 29 21 113 ! - 0.049 t1=2.528
1oL 6.3 = PR £1) - _ 0.048 MDL = 0.003 mg P/L
105 603 m PA 1N — - 0.049
196, 6.08 aq PA (1) __( 0.048
107, 0.43 oq PA N1} 4 0.051
0.049
100 6.03 sy FA L1} - 0.049
10% 6.05 g PA 11} - - 0.048
1. .03 » PA (1) - - 0.048
111, 8.03 sy PA (1) — 0.048
12 4.603 wg PA (1) . . 0.049
L 603 ug PA (1) - 0.048
1He 408 s 24 1N - - 0.047
113 0.03 =g PA 11} -— 0.046
15 6.83 ug PA (1) — . . 0.049
12 403 s A (1) 1 .r 0.048
112, 0.85 wy PR (1) x ! 0.049
115 040wy P 1) - - 0.048
0.048
126, .63 »g PA 1) —
121 0.0 o PR (13
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17.3.2. Support Data for Digested Standards

OuikOhow A€ Calidration Arpart for Callbrstica 2341003
Naldeds IR0 low lovel
This calibration wis first sva or jast ucdilied en GU/10/3 ot 04200

Ihis report propared oa GA/10/93 at 03123

o fveraqe Cscosiraticas = Basalise Correctod

Anaiyts Yails Kacem  Delormisad 3 fesidual  fversge Adscrhiscce
Studard &, 1P w A 5000 L a3 [+
— fvarsqe Concasirations == Disalise Corveciod
[ Units Kcem  Detovwizad 5 Residuii  Aversge Absirbisce
Stasdars 8, 100 " PR 2.000 013 4.1 41388
—— dverige Csceniraticas = Bissline Cirrecied
Anaivis Units . lamm  Oetorvined 3 Swsidusi fAverage Aassrhisce
Standard €, IO ) PR 1000 l.&é 