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COMPLIANCE STATEMENT

FEL

This study was conducted in compliance with United States Environmenta! Protection Agency,
TSCA, Good Laboratory Practice (GLP) Standards, P ina! Rule (4Q CPR Part 792, '1989) (1) with
the following exception: 1) analysis of the laboratory dilution water for organics, pesticides and
metals at Red River Laboratory (Oklahoma City, Oklahoma) using standard EPA methods.
Since the analyses were conducted following standard validated methods, this exception had no
impact on the study results.

Defmitive Hydroponics-Based Wild Rice (Zizan/o palustr/s) Sulfate Toxicity Testing

Study: ENVIOI-00325

Test Item: Sulfate

The following personnel ofENV1RON International Corporation, representative of the sponsor,
have reviewed this report and agree with the interpretation of the data presented herein:

~~/,
, Scott Hall

(Sponsor Representative)

,The following individual is responsible for the design, conduct, and supervision of this study and
for the data reported herein:

'-~--
DOuglasTFort, Ph.D.

(Study Director)
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STATEMENT OF QUALITY ASSURANCE UNIT

TheFEL Quality Assurance Unit conducted the inspections detailed1below: .

FEL ..

Dates
Type of inspection Reported to Reported toInspection Study Director Management

Protocol Review 8/27/2013 8/28/2013 8/28/2013

Technical Systems Audit 9/5/2013 9/6/2013 9/6/2013

Technical Systems Audit 9/26/2013 9/27/2013 9/27/2013

Audit of Data Quality 10/23/2013 10/24/2013 10/24/2013

Draft Report Audit 11/19/2013 11/20/2013 11/20/2013

Final Report Audit 12/31/2013 12131/2013 12131/2013

The inspections were performed in compliance with FEL Quality Assw:ance Unit procedures and
the principles of Good Laboratory Practices (I).

The final report is considered to constitute an accurate and complete reflection of the study raw
data. . I.

k~
v Michael Mathis, QAU Manager
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.. CERTIFICATION

.FEL

We, the.undersigned, declare that this report provides im accurate evaluation of the data obtained
from this study.

Study Director:

Douglas J. Fort, Ph.D., Study Director, FEL

Performing Laboratory Management:

~~Si-d-en-t,-FE-L-----

Page 4 ofl73

1;./ !II /..2.0'3
Date .

/d-/~lto
Date



ENVI01-00325

TABLE OF CONTENTS

FEL

COMPLIANCE STATEMENT 2
STATEMENT OF QUALITY ASSURANCE UNIT 3
CERTIFICATION A
TABLE OF CONTENTS 5
LIST OF TABLES AND FIGURES 6
LIST OF APPENDICES 6
LIST OF ACRONYMS 7
1. SUMMARY 8

I .1 . METHOD ...................••..•.........................................•...•.........•........•.......•...•.....................................•..•...•..... 8
1.2 . RESULTS AND CONCLUSiONS ......•...•......•...............................................•...........•...•...•................................ 10

2. INTRODUCTION 13
3. STUDY PERSONNEL 13
4. MATERIALS AND METHODS 13

4.1. DILUTION W ATER 13
4.2. TEST SUBSTANCE 14
4.3. TEST SySTEM 14

4.3.1. Origin and Handling 14
404. EXPOSURE SYSTEM 15

404.1. Exposure Syslem Maintenance 15
4.5. WATER QUALITY ANALYSES 16

4.5.1. Water (Culture) Quality Analyses 16
4.6. TEST METHOD 16
4.7. BIOLOGICAL ENDPOINTS / OBSERVATIONS 18

4.7.1. Data Collection and Biological Endpoints 18
4.7.1.1. Activation 18
4.7.1.2. Mesocotyl Emergence 18
4.7.1.3. Seedling Survival 18
4.7.104. Root and Shoot Weight and Length 18
4.7.1.5. Free Leaf Biomass (Free Leaf Phase) 19
4.7.1.6. Phytotoxicity (Free Leaf Phase) I 9

4.7.2. Day 0 Test Initiation and Sample Collection 19
4.7.3. Measurements at SD 10 I 9
4.704. Measurements at Test Termination (SD 21) 19

4.8. DATA ANALySiS 20
5. RESULTS 20

5.1. SUMMARY OF WATER QUALITY PARAMETERS 21
5.2. SULFATE ANALYTICAL CHEMISTRy 21
5.3 . ACTiVATION ..................................................................•............................................................................ 21
5A. STUDY DAY 10 21

504.1 . mesocoty I emergence 21
504.2. seedling survi val 22
504.3. Root and Shoot Weight and Length 22
50404. Free Leaf numher and hiomass 23
504.5. Phytotoxicity (free leaf phase) 24

5.5. STUDY DAY 21 24
5.5 .1. Mesocotyl Emergence 24
5.5.2. Seedl ing Survival 25
5.5.3. Root and Shoot Weight and Length 25
5.504. Free Leaf number and biomass 26
5.5.5. Phytotoxici ty (free leaf phase) 26

6. PERFORMANCE CRITERIA AND VALIDITY 27
7. DiSCUSSiON 27
8. CONCLUSION 28

Page 5 of 173



ENVIOI-00325 FEL
9. RECORDS AND SAMPLE STORAGE 28
10. STUDY PROTOCOL ADHERENCE 28
11. REFERENCES 28

LIST OF TABLES AND FIGURES

TABLE 1. SUMMARY OF RESULTS FROM WILD RICE TESTS AT SD 10 AND SD 21 12
TABLE 2. MODIFIED HOAGLAND'S SOLUTION -HS-I WITH 1:4 AMMONIA:NITRATE 31
TABLE 3. PREPARATION OF SULFATE CONCENTRATIONS USING MONOVALENT AND

DIYALENT SALTS 32
TABLE 4. MODIFIED HS-I WITH 1:4 AMMONIA:NITRATE 10 MGIL SULFATE (NOMINAL) 33
TABLE 5. PREPARATION OF CHLORIDE TREATMENT CONTROLS USING CHLORIDE (NON-

SULFATE) SALTS 34
TABLE 6. EXPERIMENTAL CONDITIONS FOR HYDROPONIC STUDY DEFINITIVE PHASE 35
TABLE 7. OBSERVATION TIME POINTS FOR PRIMARY ENDPOINTS 36
TABLE 8. GENERAL TEST PERFORMANCE CRITERIA , 36
TABLE 9. HS-I (1:4) NUTRIENT MEDIA TREATMENT WATER QUALITY SUMMARY 37
TABLE 10. BORIC ACID TREATMENT WATER QUALITY SUMMARY 37
TABLE II. 10MGIL SO/TREATMENT WATER QUALITY SUMMARY 38
TABLE 12. 250 MGIL sot TREATMENT WATER QUALITY SUMMARY 38
TABLE 13. 1000 MGIL SO/TREATMENT WATER QUALITY SUMMARY 38
TABLE 14. 2500 MGIL sot TREATMENT WATER QUALITY SUMMARY 38
TABLE 15. 5000 MGIL SO/TREATMENT WATER QUALITY SUMMARY 38
TABLE 16. 0.8 MEQIL TREATMENT WATER QUALITY SUMMARY 39
TABLE 17. 4.2 MEQIL TREATMENT WATER QUALITY SUMMARY 39
TABLE 18. 19.8 MEQIL TREATMENT WATER QUALITY SUMMARY 39
TABLE 19. 51.1 MEQIL TREATMENT WATER QUALITY SUMMARY 39
TABLE 20. 103.2 MEQIL TREATMENT WATER QUALITY SUMMARY 39
TABLE 21. SO/ TREATMENT SULFATE AND CONDUCTIVITY MEASUREMENTS 40
TABLE 22. CHLORIDE TREATMENT SULFATE AND CONDUCTIVITY MEASUREMENTS .40
TABLE 23. STUDY DAY 10 CONTROL ENDPOINT SUMMARY .41
TABLE 24. STUDY DAY 10 SULFATE EXPOSURE ENDPOINT SUMMARY 42
TABLE 25. STUDY DAY 10 CHLORIDE TREATMENT ENDPOINT SUMMARY 44
TABLE 26. STUDY DAY 21 CONTROL ENDPOINT SUMMARY .46
TABLE 27. STUDY DAY 21 SULFATE EXPOSURE ENDPOINT SUMMARY .47
TABLE 28. STUDY DAY 21 CHLORIDE TREATMENT ENDPOINT SUMMARY 49
TABLE 29. MEDIAN EMERGENCE TIME (MET) IN WILD RICE ON SD 21 51
FIGURE 1. MORPHOLOGY OF WILD RICE SEEDLING (A) AND MEASUREMENT DEFINITIONS (8)

INCLUDING SEMINAL ROOT, SHOOT (MESOCOTYL AND PRIMARY LEAF), AND SECONDARY
LEAF (LEAF BIOMASS) 52

FIGURE 2. EXPOSURE SYSTEM SETUP 53
FIGURE 3. EFFECT OF SULFATE AND CHLORIDE ON ENDPOINTS IN WILD RICE ON SD 10 54
FIGURE 4.. EFFECT OF SULFATE AND CHLORIDE ON ENDPOINTS IN WILD RICE ON SD 21 55

LIST OF APPENDICES

APPENDIX A. STUDY PROTOCOL AND PROTOCOL AMENDMENTS 56
APPENDIX B. SEED INFORMA TION 82
APPENDIX C. STATISTICAL ANALYSES 84
APPENDIX D. ELECTRONIC RAW DATA 117

Page 6 of173

-

-



ENVIOI-00325

LIST OF ACRONYMS

ANOVA analysis of variance
B-boron
ChV Chronic value (geometric mean ofNOEC and LOEC value)
DO dissolved oxygen
dw dry weight
EC effective concentration
FEL Fort Environmental Laboratories
GLP Good Laboratory Practices
IC inhibitory concentration
KW ANOVA ANOVA on ranks
L liter
LC lethal concentration
LOEC -lowest observed effects concentration
MOP Method Development Phase
meq milliequivalents
MET median time to emergence
NOEC no observed effects concentration
ORP oxidation/reduction potential
PAH polyaromatic hydrocarbon
QAU Quality Assurance Unit
SEM standard error of the mean
SOP standard operating procedure
SD Study Day

Page 70f173

FEL

-

-
-

-

-

-
-

-
-

-
-

-

-

-

-


-

-

-

-

-

-




ENVIOI-00325

1. SUMMARY

Guidelines:

Study Initiation
Date:

Experimental
Start / End Dates:

Test Treatments:

Mean Measured Test
Concentrations:

Age of Test
Subject:

Source of
Seeds:
Summary of Endpoints

1.1. METHOD

FEL

Protocol ENVIOI-00325

August 28, 2013

September 4,2013/ September 25,2013

I) Sulfate Treatments HS-I (1:4 ammonia-N:nitrate-N) [control], 10,
250, 1,000, 2,500, 5,000 mglL sulfate, and 2) Chloride Treatments
0.8,4.2,19.8,51.1, and 103.2 meq/L (chloride)

I) Sulfate Treatments 52 (control, HS-I 1:4),13,239,1,044,2,545,
and 4,980 mg sulfate/L (conductivity ranging from 554 8,507
Ilmhos/cm), and 2) Chloride Treatments conductivity- 699, 1,960,
2,906, 4,224, and 8,509 Ilmhos/cm (sulfate concentration ranging
from 50 54 mg sulfate/L)

Seed

Little Round Lake in Becker County (03-0302-00), Gerald Blaha
(MPCA, St. Paul, MN)
See Table I

A definitive concentration-response study was performed in general accordance with the
methods of Malvick and Percich (1993) (3) using a static-renewal format with a test solution
renewal volume of O.7 perfonned daily (results summarized in Table I), which was consistent
with the replacement rate used in the Method Development Phase (MDP) testing (FEL study
ENVIO1-00324). Each of four replicates per solution had two I L mesh-lined baskets (one
basket for day 10 endpoints and one basket for day 21 endpoints). The inert plastic mesh served
as the inert medium on which the seeds were placed as required for hydroponic culture. Each
basket contained 30 seeds (60/replicate and 240/treatment at TO),which was adequate to evaluate
concentration-response and assess significant differences in the treatments relative to the control.
The test method germinated and grew rice in place without transfer of plants to different media,
thereby eliminating transfer stress. The initial 10 study days (SD) were performed in the dark to
promote mesocotyl emergence and development. The mesocotyl is the first shoot element to
emerge from the germinated seed (Figure I). Based on results from the MDP tests, HS-I media
prepared in accordance with Malvick et al and Percich (1993) (3) and Hoagland and Amon
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ENVIOI-00325 FEL
(1950) (4) with an ammonia:nitrate ratio of 1:4 (molar basis) (Table 2) served as the diluent, and
a combination of the sulfate salts of sodium, potassium, calcium and magnesium was used to
prepare the sulfate stock solutions such that the ratio of the monovalent to divalent salts was 2: I.
A combination of salts was used to minimize cationic imbalances that could pose an additional
abiotic stress to the germinating seedlings. The following nominal concentrations of sulfate were
used: 10,50 (HS-I (1:4) [control]), 250,1,000,2,500, and 5,000 mg sulfatelL (nominal). Sulfate
in the form of monovalent and divalent cationic salts were used to prepare the sulfate treatments
as described in Table 3. The measured sulfate concentration in the HS-I control solution was ca.
50 mg/L. A modified HS-I (1:4) solution was prepared (Table 4) in order to reduce the sulfate
concentration of this media to 10 mg sulfate/L nominal, and it was used for the 10 mg sulfate/L
test concentration (Table 3). The sulfate concentrations were measured on Study Day 0, 10, and
21 in each replicate of the control and in all treatments. To determine, if effects potentially
observed in the study are the result of exposure to sulfate or a non-ion-specific result of exposure,
to dissolved solids (i.e. an osmotic stress), five additional chloride treatments, designed to be
similar to the conductivity of the five highest sulfate test concentrations, were included in the
study design. This allowed a comparison between seedling performances in similar osmotic
solutions with differing ionic composition. Dissolved solids in the folin of non-sulfate salts were
used to prepare the chloride treatments described in Table 5. The following dissolved solids
(from chloride salts) concentrations were used: 0.8,4.2,19.8,51.1, and 103.2 meq/L.

I

One basket per replicate (30 of the 60 seeds in the replicate) was randomly-selected and
sacrificed at study day (SD) 10 to evaluate:

• Seed activation expressed a % activatioJ;!;
• Mesocotyl emergence (in the dark) expressed as % emergence, and

time to emergence expressed as a mediaJ;!at the replicate and
treatment levels;

• Seedling survival, %;
• Shoot (mesocotyl, coleoptile and primary leaf) weight expressed as

dry weight, or dw;
• Shoot (mesocotyl, coleoptile and primary leaf) lengths;
• Root (seminal and rootlets) dw;
• Seminal Root length; and
• Free leaf number and biomass dw
• Phytotoxicity

The remaining baskets were evaluated for these endpoints during the free leaf stage at study
conclusion (Study Day 21). Summaries of test conditions and test endpoints for the sulfate and
chloride treatments are presented in Tables 6 and 7.

Since the frequency of mesocotyl emergence was likely to be 100% based on the results
of the MDP, an acceptable frequency ofmesocotyl emergence was determined (Table 8). In
addition to the HS-I (1:4) negative control, a 100 mg BIL treatment in HS-I (1:4) media were
included as a positive control toxicant.
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ENVIO1-00325 FEL
For all endpoint assessments, seedlings were carefully removed at the appropriate time

intervals using watch maker forceps and placed into Petri dishes for each replicate to evaluate the
appropriate endpoints. Each set was digitally photographed and length measurements of shoots
and roots were recorded using digitization to the nearest mm. Seedlings were rinsed with
deionized water to remove salts that had 'accumulated on their surfaces. Weights (dw at 105°C)
were recorded using an analytical balance capable of recording to the nearest 0.1 mg. The
seminal root tissue was dissected from the seed as was the primary leaf (shoot) material to
specifically evaluate root tissue length (development).

1.2. RESULTS AND CONCLUSIONS

Results from the ENVIOI-00325 (00325) study met the performance criteria established
from the MDP (ENVIOI-00324). A summary of the 00325 results is provided in Table I. A
consistent and anticipated adverse response to 100 mg B/L exposure was noted. Therefore,
results from study 00325 were considered valid. Results from the present 00325 study indicated
that exposure of developing wild rice to sulfate generally did not induce an adverse response at
concentrations :'02,500mg sulfate/L at SD 10 (Table I) and :'05,000mg/L at SD 21. For example,
the no observed effects concentration (NOEC) for three of the ten SD 10NOEC values were
2,500 mg/L sulfate or lower, and seven often SO 10NOEC values were 5,000 mg/L sulfate. For
SD 21, eight often concentration endpoints exhibited NOEC values of5,000 mg/L sulfate,
indicating that sulfate was generally not toxic at the highest concentration that could be tested
within the limits of solubility of the salts.

Shoot length, root length, and phytotoxicity were affected by sulfate exposure at SO 10,
and shoot length was the most sensitive endpoint at SO 10 (NOEC value 1,000 mg/L sulfate);
whereas root length and phytotoxicity were the most sensitive endpoints at the study's
conclusion (NOEC value 2,500 mg/L sulfate). The SO 21 NOEC values were the same as or
higher than the SO 10NOEC values for all test endpoints, indicating that prolonged exposure to
sulfate beyond 10 days to 21 days did not further induce toxicity.

Exposure of developing wild rice to the chloride treatments reduced shoot length at each
concentration at SO 10 (Table I), but only at 103.2 meq/L (chloride treatment) at SO 21. Shoot
weight, shoot length, root length, and phytotoxicity were affected by chloride treatment exposure
at SO 10. Shoot length was the most sensitive endpoint at SO 10 (NOEC value < 0.8 meq/L),
whereas shoot length, root length, and phytotoxicity were affected by chloride exposure and
were the most sensitive endpoints at SO 21. As was observed for sulfate, all SO 21 NOEC
values for chloride treatment exposures were the same as or higher than the SO 10NOEC values,
indicating that exposure to chloride treatments for longer than 10 days to the full 21 day test
duration did not cause further toxic effects.

Each of the endpoints adversely affected by sulfate exposure was also adversely affected
by the corresponding chloride treatment. In addition, shoot length at both SO 10 and 21 was
markedly adversely affected by exposure to the chloride treatments, but not the sulfate
treatments. The least sensitive endpoints measured were activation, mesocotyl emergence and
seedling survival, regardless of study day.
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Seeds exposed to the sulfate treatments generally had faster and more consistent

mesocotyl emergence and shoot weight at both SD 10 and 21 compared to the chloride
treatments. For example, the median emergence time for seeds exposed to 1,000 to 5,000 mg/L
sulfate was less than 10 days as compared to a median emergence time of> 21 days for the HS-I
control exposure.

The SD 10 effects induced in the 2,500 and 5,000 mg sulfate/L exposures (three
measurement endpoints) were also observed in the chloride treatments, indicating that the
response was likely due to osmotic stress rather than sulfate toxicity. Overall, results from the 21
day exposures indicated that sulfate concentrations of up to 5,000 mg/L generally did not
adversely affect the majority of wild rice test endpoints. Only two of the ten concentration
endpoints (root length and phytotoxicity) indicated an adverse response from 5,000 mg/L sulfate
exposure following the 21 day study period.
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Table 1. Summary of Results from
Wild Rice Tests at SD 10 and SD 21'

FEL

SulfRte TreRlments ,

DRY10 DRY21

NOEC' LOEC' ChV' NOEC LOEC ChV
Endnoint . . (moiL SO, '1. (moiL SO}1 (moiL SO)1. .(melL.SO.~1 . . (melL SO}). (moiL SO}1 .

Activation 5000 >5000 >5000 5000 >5000 >5000

Emergence' 5000 >5000 >5000 5000 >5000 >5000

Survival 5000 >5000 >5000 5000 >5000 >5000

Shoot Wei.ht 5000 >5000 >5000 5000 >5000 >5000

Shoot Lemrth 1000 2500 1581 5000 >5000 >5000

Root Wei.ht 5000 >5000 >5000 5000 >5000 >5000

Root Lenlrth 2500 5000 3535 2500 5000 3535

Leaf Number 5000 >5000 >5000 5000 >5000 >5000

Leaf Biomass 5000 >5000 >5000 5000 >5000 >5000

Phytotoxicity 2500 5000 3535 2500 5000 3535

Chloride Treatments

DRY10 DRY21

NOEC LOEC ChV NOEC LOEC ChV
~;Ildnoilll (meo/L) (meo/U (moo/Ll (moo/Ll (moo/Ll (moo/Ll

Activation 103.2 >103.2 >103.2 103.2 >103.2 >103.2

EmCfl!CnCC
6 103.2 >103.2 >103.2 103.2 >103.2 >103.2

Survival 103.2 >103.2 >103.2 103.2 >103.2 >103.2

Shoot Wei~ht 19.8 51.1 31.8 103.2 >103.2 >103.2

Shoot Len~th 0.0 0.8 0.009 5Ll 103.2 72.6

Root Wei.ht 103.2 >103.2 >103.2 103.2 >103.2 >103.2

Root Len.th 5Ll 103.2 72.6 5Ll 103.2 72.6

Leaf Number 103.2 >103.2 >103.2 103.2 >103.2 >103.2

Leaf Biomass 103.2 >103.2 >103.2 103.2 >103.2 >103.2

Phytotoxicity 5Ll 103.2 72.6 5Ll 103.2 72.6

1Nominal concentrations.
2 No observed effects concentration
J Lowest observed effects concentration
'Chronic value (geometric mean ofNOEC RndLOEC yalue)
'Median time to emergence (MET) values for the day 21 sulfate treatments were >21 days for HS.l control, >21
dRySfor 10 mgIL, >21 days for 250 mgIL, 6.5 days for 1000 mgIL, 5 days for 2500 mgIL, and 9.5 days for 5000
mgIL.
6 Median time 10 emergence (MET) values for the day 21 chloride treatments were >21 days for 0.8 meqlL, >21
days for 4.2 meq/L, >21 days for 19.8 meq/L, >17 days for 5Ll mcqlL, 0 mglL, and >21 days for 103.2 meqlL.

Page 12 ofl73



ENVIOl-00325

2. INTRODUCTION

FEL

FEL was retained by the Minnesota Chamber of Commerce, and represented by
ENVIRON International Corporation to conduct a study of sulfate toxicity to wild rice (Zizania
palustris) using hydroponic exposure. The study will ultimately be used to assist in
understanding the water-column based sulfate toxicity to wild rice. The sulfate toxicity
thresholds determined will support the efforts to re-evaluate the State of Minnesota's 10mg/L
sulfate standard for the protection of wild rice. The study was conducted in accordance with the
specifications identified in FEL's Quality Assurance Management Plan (QAMP) (2), relevant
facility standard operating procedures (SOPs), Study Protocol No. ENVIOI-2 prepared
specifically for FEL Study No. ENVIOl-00325, and in accordance with modified methods of
Malvick and Percich (1993) (3).

The primary objective of the study ENVIOl-00325 was to determine the toxicity of
sulfate to wild rice (Zizania palustris) seeds and early post-germination live stages from the State
of Minnesota, USA. A Method Development Phase (MDP) was previously conducted to
determine the most appropriate culture media and establish an experimental design including the
testing format and statistical design needed to provide a definitive toxicity evaluation of sulfate
to wild rice (ENVIOl-00325). Concentration-response data, including No and Lowest Observed
Effect Concentrations (NOEC and LOEC values) and chronic values (ChV) were determined for
each endpoint. Median lethal, effective or inhibitory concentrations (LC, EC or IC50) were not
determined due to lack to lethal effects on the developing seedlings and the nature of the
concentration-response for the sub-lethal endpoints.

3. STUDY PERSONNEL

• Mr. Scott Hall, ENVIRON International Corporation Sponsor Representative
• Dr. Douglas J. Fort, FEL Study Director
• Ms. Deanne Fort, FEL Manager, In-life study facility
• Mr. Mark Blackburn, FEL Study Lead
• Mr. Michael Mathis, FEL QAU Manager

4. MATERIALS AND METHODS

4.1. DILUTION WATER

FEL used deionized water as the base water for this study. The deionized laboratory
water was prepared by passing tap water through a four-filter system: a multimedia filter to
remove suspended solids in the feed water; a 10 inch pre-treatment filter (5 Ilm) to remove any
additional solids; a 3.6 fe activated virgin carbon treatment filter to remove chlorine, ammonia,
and higher molecular weight organics; 1.2 ft3 cation, 1.2 ft3 anion, and two 1.2 fe mixed bed ion
exchange polishing filters in series to deionize the water. Both polishing filters were equipped
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ENVIOI-00325 FEL
with conductivity detection systems. Water exceeding 5 flmhos/cm was signaled bya warning
light. A 5 flm solid filter completed the water treatment process and ensures no solids are
released during deionization. Water quality characteristics of the laboratory water were
monitored twice per month for pH, dissolved oxygen (DO), conductivity, hardness, alkalinity,
ammonia, residual oxidants; and at least annually for iodide, polyaromatic hydrocarbons (PAHs),
pesticides, and metals. The dilution water was most recently analyzed for pesticides, PAHs, and
metals on February 5, 2013, and all water quality measurements cited above met the U.S. EPA
and American Society for Testing and Materials (ASTM) criteria for aquatic toxicity test culture
water. Deionized water was used to prepare the culture media in accordance with Tables 2-5.
Basic water chemistry parameters such a pH, hardness, and conductivity were documented on a
representative sample of each test medium evaluated.

4.2. TEST SUBSTANCE

The test substance was sulfate comprised of sodium sulfate (Fisher Scientific, Houston,
TX, lot no. 130197,99.5%), potassium sulfate (Fisher Scientific, Houston, TX, lot no. 131540,
99.0%) calcium sulfate (Fisher Scientific/Acros, Houston, TX, lot no. A0314953, >98%), and
magnesium sulfate (Fisher Scientific, Houston, TX, lot no. 130420, >98%). Chloride salts used
to prepare the dissolved solids/chloride treatment control series included sodium chloride (Fisher
Scientific, EMD Chemicals Merck, Darmstadt, Germany, lot no. 43167330, 99%), potassium
chloride (Spectrum, Gardena, CA, lot no. OXOI54, >99%), calcium chloride (Sigma Chemical
Company, St. Louis. MO, lot no. 072KOI14, >99%), and magnesium chloride (Spectrum,
Gardena, CA lot no. PJ0288, >99%).

4.3. TEST SYSTEM

The test system in the present study was wild rice (Zizania palustris). Given that wild
rice seeds were obtained from natural stands in Minnesota, care was taken to assure that
damaged or deformed seeds were not selected for the experiment. Seeds were sieved through a
#5 (4 mm) sieve followed by a #10 (2 mm) sieve to separate quality seeds from debris. Visual
inspection was also conducted as seeds are loaded into test systems to ensure damaged,
discolored, or deformed seeds are not utilized.

4.3.1. ORIGIN AND HANDLING

Wild rice was hand-harvested from Little Round Lake in Becker County (03-0302-00) on
August 30, 2012. Three over-winter storage techniques were employed: I) four two-liter general
chemistry plastic bottles were partially filled with wild rice and Little Round Lake water,
wrapped in aluminum foil, and transferred to MPCA offices in St. Paul for storage in the water
quality laboratory walk-in refrigerator; 2) four gallon-size Ziploc bags were partially filled with
wild rice (dry stored), wrapped in aluminum foil, and transferred to MPCA offices in St. Paul for
storage in the water quality laboratory walk-in refrigerator; and 3) approximately 3.5 pounds of
wild rice was placed in a woven plastic bag and submerged in Little Round Lake beginning on
August 30,2012 for in-lake, over-winter storage.
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The woven plastic bag of wild rice was still partially frozen in the lake sediments when it

was retrieved on May 17, 2013. At that time it was placed in a sealable, five-gallon food grade
plastic bucket containing Little Round Lake water and placed in an iced cooler. Four two-liter
plastic general chemistry bottles of Little Round Lake water were also collected on May 17,
2013 and placed in the iced shipping cooler. The iced cooler containing the wild rice and the
four bottles oflake water were delivered to the MPCA offices in St. Paul on May 21, 2013. The
lake water was decanted into four new general chemistry two liter plastic bottles. Approximately
five grab-handfuls of wild rice were placed into each of the four bottles. The bottles were
labeled, wrapped in aluminum foil, and placed in the water quality laboratory walk-in
refrigerator (Gerald Blaha, MPCA, personal communication). One I-gallon plastic foil-wrapped
bottle was shipped to FEL on May I, 2013 and received by FEL on May 2, 2013. No record of
the quantity of seeds in the bottle received from MPCA was provided. However, a sufficient
number of seeds was provided to perfonn the MDP (00325) and the definitive study described in
the present report.

4.4. EXPOSURE SYSTEM

Test solutions were administered and maintained using a static-renewal design in master
10 L hydroponic aquaria (Figure 2). The renewal frequency was daily with 0.7 volume
exchanges/day. Daily cleaning of the tanks using a turkey baster was perfonned to remove
biomass that grew during the course of the study. This minimized bio- fouling and helped
maintain water quality, including minimizing ammonia accumulation, in the tanks. Care was
taken not to disturb the seeds and seedlings. The test method genninated and grew rice in place
without transfer of plants to different media, thereby eliminating transfer stress. Tanks were 10
L aquaria equipped with basket insets with an inert mesh to support the seeds and seedlings.
Each of the four replicates per treatment was equipped with two baskets to house 30 seeds each
(60 seeds per replicate). Seedlings were evaluated on study day 10 and study day 21 (study
tennination). Following the 10-d gelmination and mesocotyl development phase conducted in
the dark, a combination of incandescent and fluorescent plant grow lights were used to provide a
photoperiod of 16 hours (h) light and 8 h dark at an intensity that ranges from 5,000", 1,000 lux
(lumens/m2

) at the surface of the seeds or seedlings. Water temperature was maintained at 21° :t
2°C (day) and 12 :t 2°C (night), and pH maintained between 6.0 and 7.5 s.u. The pH was
maintained by consistent renewal of test solutions. A summary of the study conditions is
provided in Table 6.

4.4.1. EXPOSURE SYSTEM MAINTENANCE

Exposure tanks were siphoned on a daily basis to remove waste and any accumulated
debris. Care was taken to minimize stress and trauma to the seeds/seedlings, especially during
movement, cleaning of aquaria, and manipulation. Potentially stressful conditions and rapid
changes in environmental conditions (light availability, temperature, pH, DO) were avoided.
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4.5. WATER QUALITY ANALYSES

4.5.1. WATER (CULTURE) QUALITY ANALYSES

FEL

In each replicate tank, temperature and light intensity (lux) were measured daily
throughout the study and following the 10-d germination and epicotyl development phase.
Dissolved oxygen (DO), pH, and oxidation/reduction potential (ORP) were measured three times
per week (7-d per week) in one replicate tank of the various media in succession (A, B, C, D). In
addition to the other parameters, total hardness (EPA Method 130.2), total alkalinity (EPA
Method 3I0.1), total residual oxidants (EPA Method 8167/10070), ammonia-nitrogen (EPA
Method 350.2), nitrate-nitrogen (EPA Method 353.2), sulfate (EPA Method 375.4), and
phosphate-phosphorus (EPA Method 365.2) were measured in the out-flowing media in two
replicates (A and B) of each treatment at test initiation, and in the other two replicates (C and D)
at the conclusion of the in-life phase.

4.6. TEST METHOD

The definitive concentration-response study was performed using a static-renewal fonnat
with test solution renewal performed daily at a renewal replacement volume of 0.7, which was
consistent with the replacement rate used in the MDP (ENVIOI-00325). Each of 4 replicates per
solution had two I L mesh-lined baskets. The inert plastic mesh served as the medium on which
the seeds were placed and served as the inert medium required for hydroponic culture. Each
basket contained 30 seeds (60/replicate and 240/treatment at TO),which was deemed adequate to
quantitatively detennine a concentration-response relationship and assess significant differences
in the treatments relative to the control. The initial phase of J 0 study days (SD) was performed
in the dark to promote mesocotyl emergence and development. The mesocotyl was the first
shoot element to emerge from the germinated seed (Figure I). The HS-I media (3,4) with
ammonia:nitrate ratio of 1:4 (molar basis) (Table 2) served as the diluent, and a combination of
sodium, potassium, calcium and magnesium sulfate salts was used to prepare the sulfate stock
solutions such that the ratio of the monovalent to divalent salts was 2: I (Table 3). A
combination of monovalent (sodium and potassium) and divalent (calcium and magnesium)
sulfate salts was used to establish sulfate exposures in order io minimize cationic imbalance
caused by using monovalent sulfate salts alone. This approach minimized potential effects
causes by osmotic stress and deficiency in calcium and magnesium. The following
concentrations of sulfate were used: 10, 50 (HS- I (1 :4) [control]), 250, 1,000, 2,500, and 5,000
mg sulfatelL (nominal). Sulfate in the form of monovalent and divalent cationic salts were used
to prepare the sulfate treatments as described in Table 2. The average measured sulfate
concentration in the HS-I control solution was ca. 50 mg/L. A modified HS-I (1:4) solution was
prepared (see attached nutrient composition) in order to reduce the sulfate concentration of this
standard media to 10mg sulfate/L nominal and thus be used for the 10 mg sulfate/L test
concentration (Table 4). The sulfate concentrations were measured with an approved analytical
method (5,6) on Study Day 0,10, and 21 in each replicate of the control and in all treatments.

To determine if effects potentially observed in the study are the result of exposure to
sulfate or a non-specific result of exposure to an osmotically adverse mixture of dissolved solids,
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five additional exposures were established as a chloride treatment designed to be similar to the
conductivity of the five highest sulfate test concentrations. To establish the chloride treatments,
chloride-based non-sulfate salts were used to prepare the exposures described in Table 5. To
ensure osmotic similarity between the sulfate treatments and the chloride treatments, the chloride
concentration was expressed as meq/L. The chloride treatment concentrations were: 0.8,4.2,
19.8,51.1, and 103.2 meq/L. The conductivities were measured with an approved analytical
method (EPA Method 120.1) on Study Day 0, 10, and 21. The experimental conditions and
endpoints measured followed those specified in Tables 6 and 7.

One randomly-selected basket was sacrificed from each of the four replicates per
exposure at study day (SD) 10 to evaluate:

• Activation expressed a % activation;
• Mesocotyl Emergence (in the dark) expressed as % emergence and

time to emergence expressed as a median (MET) at the replicate
and treatment levels;

• Seedling survival;
• Shoot (mesocotyl, coleoptile and primary leal) weight expressed as

dry weight, or dw;
• Shoot (mesocotyl, coleoptile and primary leal) lengths;
• Root (seminal and rootlets) dw;
• Seminal Root length; and
• Free leaf number and biomass dw
• Phytotoxicity

The remaining baskets were evaluated for these endpoints, as well as signs of phytotoxicity
during the free leaf stage at study conclusion (Study Day 21).

Since the frequency of mesocotyl emergence was not likely to be 100% based on the
results of the MDP (ENVIOI-00325), an experimentally acceptable frequency ofmesocotyl
emergence was determined and is listed in Table 6. In addition to the HS-I (I :4) negative
control, a 100 mg B/L (boron, as boric acid) treatment in HS-I (1:4) media were included as a
positive control toxicant.

For all endpoint assessments, plants were carefully removed at the appropriate time
intervals using watch maker forceps and placed into Petri dishes for each replicate to evaluate the
appropriate endpoints. Each set was digitally photographed and length measurements of shoots
and roots were recorded using digitization to the nearest mm. Weights (dw at 105°C) were
recorded using an analytical balance capable of recording to the nearest 0.1 mg. The seminal
root tissue was dissected from the seed as was the primary leaf (shoot) material to specifically
evaluate root and shoot tissue length (development).
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4.7. BIOLOGICAL ENDPOINTS / OBSERVATIONS

4.7.1. DATA COLLECTION AND BIOLOGICAL ENDPOINTS

FEL

Endpoints selected for the present study were based on those required by OEeD Test No.
208 (4). Test data and daily observations were recorded in the study records. Study records
included study tracking sheets, test information sheets, study calendars identifying major events,
study logs for recording detailed observations and comments, daily mortality, germination,
emergence, test termination data sheets, and representative digital photographs taken during the
conduct of the test. These photographs documented the study design, study milestones, and
endpoints (length measurements and signs of phytotoxicity). The measurement endpoints of the
study are summarized in section 4.6. Table 7 provides an overview of the measurement
endpoints and the corresponding observation times. These endpoints were measured at SD 10
(as appropriate) and SD 21 (study termination).

4.7.1.1. ACTIVATION

For this study, activation was defined by the absorption of water by the seed and seed
coat disruption. All seeds were evaluated for activation using a magnification lens. Activation
data are presented as a percentage of the total seeds per basket, by replicate, and by treatment.

4.7.1.2. MESOCOTYL EMERGENCE

For this study, mesocotyl emergence was defined as the appearance of plant life in the
form of shoots or roots from the germinated seed. Emergence data were presented as a
percentage of the total germinated seeds per pot, by replicate, and by culture media (treatment),
as well as by the time required for mesocotyl emergence expressed as the median time to
emergence (MET) for a given pot within each replicate. MET represented the time for 50% of
the seeds in each pot to demonstrate mesocotyl emergence.

4.7.1.3. SEEDLING SURVIVAL

Survival only applied to the seeds with emerged plant tissue. Mortality was defined as
degradation of emerged plant tissue with no additional signs of growth. Survival data were
presented as a percentage of the total seeds with emerged plant tissue per pot, by replicate, and
by culture media (treatment).

4.1.1.4. ROOT AND SHOOT WEIGHT AND LENGTH

Seminal root and shoot weight were measured to the nearest mg. Shoot weight consisted
of the combined weight of the mesocotyl, coleoptile and primary leaf (see Figure I). Prior to
collecting digital photographs and drying of the plant material, plant tissue was rinsed to
removed external salt deposits that may have accumulated during the exposure period. Root
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weight consisted of the combined weight of the seminal root and associated rootlets. All weights
were expressed as dry weight (dw) to the nearest mg by drying the appropriate plant tissue at
105°C overnight. Length was measured by digitizing a digital photograph of the root and shoot
to the nearest mm using commercial software (Sigma Scan, SPSS, Chicago, IL) which allowed
for measurement of shoot and root curvatures to generate linear length. Shoot length was based
on the combined length of the mesocotyl and primary leaf.

4.7.1.5. FREE LEAF BIOMASS (FREE LEAF PHASE)

Free-leaf number (counts) and biomass (mg) were detennined by carefully separating the
shoot from the leaf tissue. Free leaves included the second leaf and all free leaves that developed
thereafter. Free leaf biomass (as dw) was detennined after overnight drying at 105°C.

4.7.1.6. PHYTOTOXICITY (FREE LEAF PHASE)

Signs of phytotoxicity, including chlorosis of the leaves, darkening of the plant tissue
(rot), wilting (loss of turgor pressure), and defonnity were recorded and expressed as a percent of
the seeds with emerged plant tissue. Because this endpoint was somewhat subjective and is a
descriptive endpoint, peer-review was used to verify results.

4.7.2. DAY 0 TEST INITIATION AND SAMPLE COLLECTION

Treatment tanks were randomly assigned to a position in the exposure system in order to
account for possible variations in temperature and light intensity. On SD 0, seeds selected for
the study were randomly placed in each pot. Specifically, five seeds were added to each pot in
accordance with a randomized design chart until each pot contained a total of 30 seeds. Samples
of the different culture media were collected and analyzed for the water quality parameters
described in Table 6.

4.7.3. MEASUREMENTS AT SD 10

At SD 10, each of the endpoints identified as appropriate for the degree of development
were measured. One randomly selected pot from each replicate of each culture media was
sacrificed (n=30/replicate or 1200/treatment). Seeds were carefully removed and photographed
for documentation and length measurement. Plant tissues were carefully removed and weighed.
Signs of phytotoxicity were documented in the study journal and maintained with the raw data.

4.7.4. MEASUREMENTS AT TEST TERMINATION (SD 21)

At SD 21, each of the endpoints identified as appropriate for the degree of development
were measured. The remaining pots from each replicate (n=20/replicate or 80/treatment) of each
culture medium were sacrificed. Seeds and seedlings were carefully removed and photographed
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for documentation and length measurement. Plant tissues were carefully removed and weighed.
Subsequently, since leaf material was present, leaf tissue was carefully removed from the shoot
for analysis of leaf biomass. Signs of phytotoxicity were documented in the study journal and
maintained with the raw data. Samples of the different culture media from two replicates (C and
D) were collected and analyzed for parameters described in Table 6.

4.8. DATA ANALYSIS

All data from in-life portions of the study were tabulated in spreadsheets. The
experimental unit for the present study was the replicate. The statistical tests used to compare
the culture media (HS-I) to the sulfate, boron positive control, and the chloride treatment
controls varied between the measurement endpoints and were analyzed using SigmaS tat II.O@
(Systat Software Inc., Chicago, IL). In all cases, a one-way analysis for toxic effects in all
sulfate, or all boron, or all chloride treatments was conducted to determine statistically
significant differences relative to the HS-I culture media control. For determination of
concentration-based endpoints (NOEC and LOEC numerical endpoints), data that were
expressed as a percent or proportion were transformed using the arcsine square root prior to
further analysis. The NOEC value represents the highest concentration tested that did not illicit a
statistically significant response for a given endpoint. The LOEC value represents the lowest
concentration tested that produced a significant response for a given endpoint. The ChV was
determined based on the geometric means of the NOEC and LOEC value for each appropriate
endpoint. Data sets which met a nonnal data distribution (Shapiro-Wilk's test) and equal
variance (Equal Variance Test) assumption were considered to be parametric. Data sets that did
not meet normality and equal variance assumptions were considered non-parametric. Based on
the size of both discrete (survival and phytotoxicity) and continuous (weight and length)
endpoint data sets, and the limitations of the Fisher's Exact test for discrete endpoint analysis,
one-way analysis of variance (ANOVA) or ANOVA on ranks (Kruskal Wallis [KW] ANOVA)
for parametric or non-parametric data sets were used, respectively. Bonferroni t-test for
parametric data sets and Dunn's test for non-parametric data sets were used for post hoc analyses
when significance was detected in the ANOVA or KW ANOVA, respectively. By standard
convention, p values were cited follow specific statistical test performed. In the event apost hoc
test was not cited, the p value for the ANOVA or KW ANOVA was provided. In the event a
post hoc test was performed, the p value for the ANOYA or KW ANOYA was :::;0.05.The
standard error of the mean (SEM) was reported where appropriate. Alpha was set at 0.05 for
each statistical test performed. The MET was determined for each replicate for each for the
controls and each treatment. A treatment median was determined based on the median of the
four replicate median values.

5. RESULTS

Results are tabulated in Tables 9-29. The effect of sulfate and chloride on the endpoints
measured in Wild Rice on SD 10 and 21 are provided in Figures 3 and 4, respectively. Figures 3
and 4 describe the concentration-response relationships for each of the endpoints measured at SD
10 and 21. The protocol and protocol amendments, seed information, statistical analyses, and
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raw data are presented as Appendices A-D, respectively. An assessment of study performance is
provided in Table 8.

5.1. SUMMARY OF WATER QUALITY PARAMETERS

A summary of water quality measurements and study parameters for the negative control
(HS-I) and positive control (boron, as boric acid) are presented in Tables 9 and 10, in Tables 11-
15 for the sulfate treatments, and in Tables 16-20 for the chloride treatments. Results met all
study performance criteria (Table 8).

5.2. SULFATE ANALYTICAL CHEMISTRY

Nominal sulfate concentrations for the sulfate treatment set were 10, 50 (HS-I [1:4]
control), 250, 1,000, 2,500, and 5,000 mg sulfate/L The average measured sulfate exposure
concentrations were 13, 52, 239, 1,044, 2,545, and 4,980 mg sulfate/L, indicating good
agreement between nominal and measured sulfate concentrations The average conductivity
measured over the course of exposure in the sulfate treatments was 554, 572, 1,044, 2,797,
4,423, and 8,507 !!mhos/cm, respectively. The nominal sulfate concentration for the chloride
treatment was 50 mg sulfate/L; i.e., only chloride was varied. The average measured sulfate
exposure concentrations for the 0.8, 4.2, 19.8,51.1, and 103.2 meq/L chloride treatments were
53, 50, 50, 54, and 53 mg sulfatelL, respectively. The average conductivity values measured
over the course of exposure in the chloride treatments were 699, 1,960, 2,906, 4,224, and 8,509
!!mhos/cm, respectively (see Appendix 0, Raw Data). General agreement between average
conductivity in the chloride treatments and their corresponding sulfate exposure was observed.

5.3. ACTIVATION

Seed activation was 100% in all treatments in the study, therefore the statistical analysis
did not reveal significant differences (KW ANOVA, p=I.OOO,Tables 23-28).

5.4. STUDY DAY 10

5.4.1. MESOCOTYL EMERGENCE

The SO 10 control endpoint and sulfate treatment summary are presented in Tables 23
and 24, respectively. The percent mesocotyl emergence and associated standard error of the
mean (SEM value) for the HS-I (1:4) control and 100 mg BIL positive control were 49.2 (3.9)%
and 22.5 (2.8)%, respectively (Table 23). Mesocotyl emergence in the 100 mg B/L positive
control was not significantly different from the HS-I (1:4) (ANOVA, Bonferroni t-test,
p=0.088). The mean percent mesocotyl emergence (SEM) for the 10, 250, 1,000, 2,500, and
5,000 mg sulfate/L treatments were 55.0 (11.3)%, 61.7 (7.9)%, 62.5 (7.1)%, 67.5 (7.9)%, and
70.8 (6.3)%, respectively (Table 24). Mesocotyl emergence in the various sulfate treatments was
not significantly different from the control (ANOVA, Bonferroni t-test, p>0.05).
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The SD 10 endpoint summary for the chloride treatments is presented in Table 25. The

percent mesocotyl emergence (SEM) for the 0.8, 4.2,19.8,51.1, and 103.2 meq/L treatments
were 35.8 (3.7)%, 30.0 (4.5)%, 31.7 (4.2)%, 48.3 (10.4)%, and 30.0 (2.4)%, respectively.
Mesocotyl emergence in the chloride treatments was not significantly different from the HS-I
(I :4) control (ANOVA, Bonferroni t-test, p>0.05).

5.4.2. SEEDLING SURVIVAL

Seedling survival was 100% in all treatments (KW-ANOVA, p=1.000) (Tables 23-25).

5.4.3. ROOT AND SHOOT WEIGHT AND LENGTH

The mean seminal root and shoot biomasses for the HS-I (I :4) control and 100 mg BIL
positive control were 0.0005(0.0001) g and 0.0027 (0.0003) g, and 0.0003 (0.0001) g and 0.0020
(0.0001) g, respectively (Table 23). Seminal root and shoot weights of seedlings exposed to 100
mg BIL were not significantly different from the HS-I (I :4) control (ANOVA, Bonferroni t-test,
p=0.262 and KW ANOVA, Dunn's test p>0.05, respectively). The mean seminal root and shoot
lengths (SEM) for the HS-I (1:4) control and 100 mg BIL positive control were 3.977 (0.4906)
cm and 3.783 (0.2321) cm, and 1.908 (0.2263) cm and 2.875 (0.1919) cm, respectively (Table
23). Seminal root and shoot lengths of seedlings in thel 00 mg B/L positive control were
significantly less than the HS-I (I :4) control (ANOVA, Bonferroni t-test, p<O.OOIand p=O.OOI,
respectively).

The mean seminal root and shoot biomasses for the 10, 250, 1,000, 2,500, and 5,000 mg
sulfatelL treatments were 0.0005 (0.0001) g and 0.0035 (0.0006) g, 0.0007 (0.0000) g and
0.0030 (0.0007) g, 0.0005 (0.0000) g and 0.0021 (0.0001) g, 0.0004 (0.0000) g and 0.0019
(0.0001) g, and 0.0005 (0.0000) g and 0.0018 (0.0001) g, respectively (Table 24). Seminal root
biomass of seedlings in the 250 mg sulfate/L treatments was significantly greater than the HS-I
(1:4) control (ANOVA, Bonferroni t-test, p=0.013), however none of the seminal root or shoot
biomasses were significantly different from the HS-I (I :4) control (ANOVA, Bonferroni t-test,
p=1.000 [seminal root biomass] and KW-ANOVA, Dunn's test, p>0.05 [shoot biomass]). The
mean seminal root and shoot length (SEM) for the 10, 250, 1,000, 2,500, and 5,000 mg sulfate/L
treatments were 3.929 (0.0367) cm and 4.148 (0.2043) cm, 4.226 (0.6027) cm and 3.599
(0.1634) cm, 3.640 (0.2663) cm and 3.333 (0.1321) cm, 3.362 (0.3551) cm and 2.915 (0.1779)
cm, and 2.076 (0.2087) cm and 2.242 (0.0455) cm, respectively (Table 24). Seminal root length
of seedlings exposed to the 5,000 mg sulfate/L treatment were significantly less than the HS-
I(I :4) control (ANOVA, Bonferroni t-test, p=0.002), however seminal root length in the other
sulfate treatments was not significantly different from the HS-I (1:4) control (ANOVA,
Bonferroni t-test, p=1.000 in all cases). Shoot length of seedlings exposed to the 2,500 and
5,000 mg sulfatelL treatment were significantly less than the HS-I(I:4) control (ANOVA,
Bonferroni t-test, p=0.002 [2,500 mg sulfate/L] and P<O.OOI[5,000 mg sulfate/L]), however
shoot length in the other sulfate treatments were not significantly different from the HS-I (1:4)
control (ANOVA, Bonferroni t-test, p>0.05).
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The mean seminal root and shoot biomasses for the 0.8, 4.2, 19.8, 51.1, and 103.2 meq/L

chloride treatments were 0.0004 (0.0000) g and 0.0015 (0.0001) g, 0.0004 (0.0000) g and 0.0018
(0.0001) g, 0.0004 (0.0000) g and 0.0015 (0.0001) g, 0.0004 (0.0000) g and 0.0015 (0.0003) g,
and 0.0004 (0.0000) g and 0.0014 (0.0001) g, respectively (Table 25). Seminal root biomass of
seedlings exposed to the chloride treatments were not significantly different than the HS-I (1:4)
control (ANOVA, Bonferroni t-test, P=I.OOOin all five tests). Mean shoot biomass for seedlings
exposed to the 0.8, 51.1, and 103.2 meq/L chloride treatments were significantly less than the
HS-I (1:4) control (KW-ANOVA, Dunn's test, p<0.05). The mean seminal root and shoot
length (SEM) for the 0.8,4.2, 19.8,51.1, and 103.2 meq/L chloride treatments were 3.364
(0.237) cm and 2.311 (0.1137) cm, 4.320 (0.2748) cm and 2.700 (0.0.0758) cm, 2.792 (0.0.4239)
cm and 2.188 (0.0.1071) cm, 3.217 (0.2808) cm and 2.540 (0.1330) cm, and 2.051 (0.0413) cm
and 2.095 (0.1016) cm, respectively (Table 25). Seminal root length of seedlings exposed to the
103.2 meqlL chloride treatment were significantly less than the HS-I (1:4) control (ANOVA,
Bonferroni t-test, P=0.002), however seminal root length in the other sulfate treatments were not
significantly different from the HS-I (1:4) control (ANOVA, Bonferroni t-test, p>0.05). Shoot
length of seedlings exposed to the each of the chloride treatments were significantly less than the
HS-I (1:4) control (ANOVA, Bonferroni t-test, p<O.OOI).

5.4.4. FREE LEAF NUMBER AND BIOMASS

The mean secondary leaf number and biomass for the HS-I (1:4) and 100 mg B/L
positive control on SD 10was 0.9 (0.04) and 0.002 (0.0001) g, and 0.6 (0.10) and 0.001 (0.0001)
g, respectively (Table 23). Free leaf biomass, but no leaf number in the 100 mg BIL positive
control was significantly lower than in the HS-I (1:4) control (ANOVA, Bonferroni t-test,
p=O.O.OOIand KW-ANOVA, Dunn's test, p>0.05, respectively).

The mean secondary number and leaf biomass for the 10, 250, 1,000, 2,500, and 5,000
mg sulfate/L treatments were 0.9(0.03) and 0.002 (0.0004) g, 1.0 (0.03) and 0.002 (0.0002) g, 0.9
(0.02) and 0.002 (0.0002) g, 1.0 (0.01) and 0.002 (0.0002), and 0.9 (0.04) and 0.001 (0.0001) g,
respectively (Table 24). Neither free leaf number nor free leafbiomass in the sulfate treatments
was significantly different from those of the HS-I (1:4) control (KW-ANOVA, Dunn's test,
p>0.05 and ANOVA, Bonferroni t-test, p>0.05).

The mean secondary number and leaf biomass for the 0.8, 4.2, 19.8, 51.1, and 103.2
meq/L chloride treatments were 0.9(0.03) and 0.002 (0.0003) g, 0.9 (0.04) and 0.002 (0.0004) g,
0.9 (0.02) and 0.002 (0.0003) g, 0.9 (0.05) and 0.002 (0.0001), and 1.0 (0.02) and 0.001
(0.0001) g, respectively (Table 25). Neither free leaf number nor free leaf biomass in the
chloride treatments was significantly different from those of the HS-I (I :4) control (KW-
ANOVA, Dunn's test, p>0.05 and ANOVA, Bonferroni t-test, p>0.05).
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5.4.5. PHYTOTOXICITY (FREE LEAF PHASE)

FEL
The mean occurrence of phytotoxicity for the HS-I (1:4) and 100 mg B/L positive control

on SD 10was 0.0 (0.0) % and 71.0 (9.9) %, respectively (Table 23). The mean occurrence of
phytotoxicity for the 100 mg B/L positive control was significantly greater than the HS-I (1:4)
control (ANOVA, Bonferroni t-test, p<O.OOI).

The mean occurrence of phytotoxicity for the 10, 250, 1,000, 2,500, and 5,000 mg
sulfate/L treatments on SD 10 was 0.0 (0.0)% for each treatment with the exception of the 5,000
mg sulfate/L treatment which was 39.1 (4.1)% (Table 24). The mean occurrence of
phytotoxicity for the 5,000 mg sulfate/L treatment was significantly greater than the HS-I (1:4)
control (ANOVA, Bonferroni t-test, p<O.OOI).

The mean occurrence of phytotoxicity for the 0.8, 4.2, 19.8, 51.1, and 103.2 meq/L
chloride treatments on SD 10 was 0.0 (0.0)% for each treatment with the exception of the
51.1and 103.2 meq/L which were 5.9 (2.1)% and 40.5 (9.5)% (Table 25). The mean occurrence
of phytotoxicity for the 103.2 meq/L, but not the 51.1 meq/L treatment was significantly greater
than the HS-I(l :4) control (ANOVA, Bonferroni t-test, p<O.OOlandANOVA, Bonferroni t-test,
p=0.225, respectively).

5.5. STUDY DAY 21

5.5.1. MESOCOTYL EMERGENCE

SD 21 control endpoint and sulfate treatment summaries are presented in Tables 26 and
27, respectively. The percent mesocotyl emergence (SEM) forthe HS-I (1:4) control and 100
mg B/L positive control were 38.3 (2.2) % and 19.2 (2.5)%, respectively (Table 26). Mesocotyl
emergence in the 100 mg B/L control was not significantly different from each the HS-I (1:4)
(KW-ANOVA, Dunn's test, p>0.05). The percent mesocotyl emergence (SEM) for the 10, 250,
1,000,2,500, and 5,000 mg sulfate/L treatments were 45.8 (9.5)%, 45.0 (9.5)%, 58.3 (9.1)%,
73.3 (6.1)%, and 55.0 (7.0)%, respectively (Table 27). Mesocotyl emergence in the various
sulfate treatments was not significantly different from the control (KW-ANOVA, Dunn's test,
p>0.05).

The SD 21 endpoint summary for the chloride treatments is presented in Table 28. The
percent mesocotyl emergence (SEM) for the 0.8, 4.2, 19.8,51.1, and 103.2 meq/L treatments
were 29.2 (2.8)%, 35.8 (5.7)%, 37.5 (5.0)%, 50.8 (7.6)%, and 34.2 (2.4)%, respectively.
Mesocotyl emergence in the chloride treatments was not significantly different from the HS-I
(1:4) control (KW-ANOVA, Dunn's test, p>0.05 for all five treatments).

The MET for the HS-I (1:4) control and 100 mg B/L positive control were both >21 days
(Table 29). The MET for the 10, 250, 1,000, 2,500, and 5,000 mg sulfate/L treatments were >21,
>21,6.5,5, and 9.5 days, respectively. The addition of sulfate at concentrations of 1,000 to 5,000
mg/L accelerated the rate of emergence relative to the HS-I control and the 10 and 250 mg/L
sulfate exposures. The reason for enhance emergence with the addition of sulfate is unknown,
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but consistent for sulfate additions of 1,000 mg/L and greater. The MET for the 0.8, 4.2, 19.8,
51.1, and 103.2 meq/L treatments were all >21 days with the exception of the 51.1 meq/L
treatment which was> 17 days. The MET value of 17 days may be anomalous given the lack of a
dose-response (i.e., the MET value was 21 days for all chloride treatment exposures above and
below that exhibiting the MET value of 17 days).

5.5.2. SEEDLING SURVIVAL

Seedling survival was 100% in all treatments (KW ANOVA, p=1 .000) (Tables 26-28).

5.5.3. ROOT AND SHOOT WEIGHT AND LENGTH

The mean seminal root and shoot biomasses for the US- I (I :4) control and 100 mg B/L
positive control were 0.0005 (0.0001) g and 0.0024 (0.0002) g, and 0.0003 (0.0000) g and
0.0028 (0.0004) g, respectively (Table 26). Seminal root and shoot weights of seedlings exposed
to 100 mg B/L were not significantly different from the US- I (J :4) control (ANOVA, Bonferroni
t-test, p= 1.000 and KW ANOVA, Dunn's test p>0.05, respectively). The mean seminal root and
shoot lengths (SEM) for the US-I (J:4) control and 100 mg B/L positive control were 4.495
(0.3817) cm and 3.412 (0.2651) cm, and 2.069 (0.0380) cm and 3.320 (0.3563) cm, respectively
(Table 26). Seminal root, but not the shoot lengths of seedlings in thel 00 mg B/L positive
control were significantly less than the US-I (J :4) control (ANOVA, Bonferroni t-test, p<O.OOI
and KW-ANOVA, Dunn's test, p>0.05, respectively).

The mean seminal root and shoot biomasses for the 10, 250, 1,000, 2,500, and 5,000 mg
sulfate/L treatments were 0.0005 (0.0000) g and 0.0023 (0.0002) g, 0.0006 (0.000 I) g and
0.0023 (0.00072) g, 0.0007 (0.0001) g and 0.0024 (0.0001) g, 0.0007 (0.0000) g and 0.0027
(0.0002) g, and 0.0005 (0.0001) g and 0.0036 (0.0003) g, respectively (Table 27). Seminal root
and shoot biomasses of seedlings exposed to the sulfate treatments were not significantly greater
than the US-I (J :4) control (ANOVA, Bonferroni t-test, p>0.05 and and KW-ANOVA, Dunn's
test, p>0.05, respectively). The mean seminal root and shoot length (SEM) for the 10, 250,
1,000,2,500, and 5,000 mg sulfatelL treatments were 5.436 (0.1996) cm and 3.143 (0.4103) cm,
5.037 (0.2297) cm and 3.202 (0.1385) cm, 4.556 (0.0920) cm and 3.151 (0.0443) cm,
3.984(0.0.2 I78) cm and 2.8 I5 (0.0656) cm, and 2.565 (0.1851) cm and 2.052 (0.0386) cm,
respectively (Table 27). Seminal root length of seedlings exposed to the 5,000 mg sulfatelL
treatment were significantly less than the US- I(J :4) control (ANOVA, Bonferroni t-test,
p<O.OOI),however seminal root length in the other sulfate treatments were not significantly
different from the US-I (J :4) control (ANOVA, Bonferroni t-test, p>0.05). Shoot length of
seedlings exposed to the sulfate treatments were not significantly different than the US- I(J :4)
control (KW-ANOVA, Dunn's test, p>0.05).

The mean seminal root and shoot biomasses for the 0.8, 4.2, 19.8, 51.1, and 103.2 meqlL
chloride treatments were 0.0005 (0.0001) g and 0.0014 (0.0000) g, 0.0005 (0.0001) g and 0.0017
(0.0001) g, 0.0005 (0.0001) g and 0.0016 (0.0001) g, 0.0005 (0.0001) g and 0.0020 (0.0002) g,
and 0.0010 (0.0001) g and 0.0028 (0.0006) g, respectively (Table 28). Seminal root biomass of
seedlings exposed to thel 03.2 meqlL chloride treatment was t significantly greater than the US-I
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(1 :4) control (AN OVA, Bonferroni t-test, P<O.OOI), however the seminal root biomasses of the
other chloride treatments were not significantly different from the HS-I (I :4) control (AN OVA,
Bonferroni t-test, P>0.05). Mean shoot biomass for seedlings exposed to the 0.8, 51.1, and 103.2
meq/L chloride treatments were not significantly different than the HS-I (I :4) control (KW-
ANOVA, Dunn's test, p>0.05). The mean seminal root and shoot length (SEM) for the 0.8, 4.2,
19.8, 51.1, and 103.2 meq/L chloride treatments were 5.170 (0.5520) cm and 2.670 (0.3053) cm,
3.780 (0.2464) cm and 2.434 (0.1797) cm, 3.230 (0.3364) cm and 2.325 (0.0368) cm, 3.679
(0.2887) cm and 2.499 (0.0694) cm, and 2.862 (0.2011) cm and 1.906 (0.0.0488) cm,
respectively (Table 28). Seminal root length of seedlings exposed to the 103.2 and 19.2 meq/L
chloride treatment were significantly less than the HS-I (I :4) control (ANOV A, Bonferroni t-test,
p=0.002 and 0.031, respectively), however seminal root length in the other chloride treatments
were not significantly different from the HS-I (1:4) control (ANOVA, Bonferroni t-test, p>0.05)
. Shoot length of seedlings exposed to the 103.2 meq/L chloride treatment was significantly less
than the HS-I(l :4) control (KW-ANOVA, Dunn's test, p<0.05), however shoot length in the
other chloride treatments was not significantly different from the HS-I (1:4) control (KW-
ANOVA, Dunn's test, p>0.05).

5.5.4. FREE LEAF NUMBER AND BIOMASS

The mean secondary leaf number and biomass for the HS-I (1 :4) and 100 mg BIL
positive control on SD 10 was 3.6 (0.25) and 0.0055 (0.0002) g, and 2.7 (0.0.05) and 0.0031
(0.0005) g, respectively (Table 26). Neither free leaf biomass nor leaf number in the 100 mg
B/L positive control was significantly different than the HS-I (I :4) control (KW -ANOVA,
Dunn's test, p>0.05, for both).

The mean secondary number and leaf biomass for the 10, 250, 1,000, 2,500, and 5,000
mg sulfate/L treatments were 3.8(0.08) and 0.0069 (0.0003)g, 3.9 (0.15) and 0.0069 (0.0003) g,
3.5 (0.06) and 0.0068 (0.0005) g, 3.2 (0.10) and 0.0065 (0.0004), and 2.6 (0.12) and 0.0049
(0.0004) g, respectively (Table 27). Neither free leaf number nor free leaf biomass in the sulfate
treatments was significantly different from the HS-I (I :4) control (KW-ANOVA, Dunn's test,
p>0.05, for both).

The mean secondary number and leaf biomass for the 0.8, 4.2, 19.8, 51.1, and 103.2
meq/L chloride treatments were 3.4(0.13) and 0.0063 (0.0006) g, 2.9 (0.19) and 0.0070 (0.0008)
g, 3.1 (0.08) and 0.0060 (0.0005) g, 3.3 (0.12) and 0.0070 (0.0005), and 2.9 (0.11) and 0.0085
(0.0013) g, respectively (Table 28). Neither free leaf number nor free leaf biomass in the
chloride treatments was significantly different from the HS-I (1:4) (KW-ANOVA, Dunn's test,
p>0.05, for both).

5.5.5. PHYTOTOXICITY (FREE LEAF PHASE)

The mean occurrence of phytotoxicity for the HS-I (1 :4) and 100 mg B/L positive control
on SD 10 was 0.0 (0.0) % and 100.0 (0.0) %, respectively (Table 26). The mean occurrence of
phytotoxicity for the 100 mg B/L positive control was significantly greater than the HS-I (1 :4)
control (ANOVA, Bonferroni t-test, p<O.OOI).
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The mean occurrence of phytotoxicity for the 10, 250, 1,000, and 2,500 mg sulfate/L

treatments on SO 10 was 0.0 (0.0)% for each treatment, but the 5,000 mg sulfate/L treatment had
phytotoxicity in 89.4 (0.8)% of seedlings (Table 27). The mean occurrence of phytotoxicity for
the 5,000 mg sulfate/L treatment was significantly- greater than the HS-I (I :4) control (ANOVA,
Bonferroni t-test, p<O.OOI).

The mean occurrence of phytotoxicity for the 0.8, 4.2, 19.8, 51.1, and 103.2 meq/L
chloride treatments on SO 10 was 0.0 (0.0)% for each treatment with the exception of the 103.2
meq/L which were 100.0 (0.0)% (Table 28). The mean occurrence of phytotoxicity for the 103.2
meq/L treatment was significantly greater than the HS-I(I :4) control (ANOVA, Bonferroni t-
test, p<O.OOI).

6. PERFORMANCE CRITERIA AND VALIDITY

Results from the 00325 study met the performance criteria established from the MDP
(00325), including the performance of the 100 mg BIL treatment. Therefore, results from study
00325 were considered to be valid.

7. DISCUSSION

Results from this study suggested that exposure of developing wild rice to sulfate did not
induce an adverse response at concentrations :':=1,000mg sulfate/L at SO 10 for all study
endpoints (Table I) and at :0:2,500mg sulfate/L at SD 21 for all study endpoints. The following
general relationships were identified during the course of the study, and are illustrated in Figures
3 and 4:

• In the sulfate treatments, shoot length, root length, and phytotoxicity were
significantly affected by sulfate exposure at SO 10, and shoot length was the most
sensitive endpoint at SO 10 (NOEC value 1,000 mg/L sulfate). At SO 21 (study
conclusion), root length and phytotoxicity were significantly affected by sulfate,
both with NOEC values of 2,500 mg/L sulfate.

• The least sensitive endpoints measured were activation, mesocotyl emergence, and
seedling survival regardless of study day. The most consistently affected endpoint
regardless of treatment was phytotoxicity.

• Exposure of developing wild rice to the chloride treatments reduced shoot length at
each concentration at SO 10 (Table I), but only in the 103.2 meq/L chloride
treatment at SO 21. Shoot length was also reduced in developing wild rice to sulfate
at 2,500 and 5,000 mg sulfatelL at SOlO, but not at SO 21. Thus, results from the
present study indicated that length may have been a more sensitive measure of
growth than weight.

• Similar trends in response between SO 10 and 21 in sulfate treatments were
observed with activation, mesocotyl emergence, survival, shoot and root weight, root
length, phytotoxicity, secondary leaf number, and secondary leaf biomass.
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• Similar trends in response between SD 10 and 21 in chloride treatments were
observed with activation, mesocotyl emergence, survival, root weight, root length,
phytotoxicity, secondary leaf number, and secondary leaf biomass.

• Effects on the biological measurement endpoints occurred at a conductivity of ca.
4,000 flmhos/cm, regardless of origin (sulfate or chloride treatment) .

• Each of the endpoints adversely affected by sulfate exposure was also adversely
affected in the corresponding chloride treatment.

8. CONCLUSION

Overall, results from the present study suggested that sulfate did not adversely affect early
development and leafing in wild rice at concentrations ::51,000mg sulfate/L (10 day results) or at
::52,500mg/L for the full 21 day exposure. The day 10 effects induced in the 2,500 and 5,000 mg
sulfate/L were also observed in the chloride treatments, indicating that the response was likely
the result of a general osmotic stress and not due to sulfate toxicity specifically.

9. RECORDS AND SAMPLE STORAGE

FEL will retain facility-related records (personnel training, equipment calibration and
maintenance, storage temperature records, etc.) (7). No records will be disposed of without the
authorization of the Sponsor. The records will be organized and include an index.

Raw data, derived data, QA reports, study guidance documents, correspondence, and
draft and final reports will be electronically maintained at the FEL facility in accordance with
facility SOPs (8,9) until study finalization. Printed copies of the original study materials and
report will be kept in designated file cabinets located in a secured file room at FEL. After final
approval of all reports and the study has been officially concluded, all electronic files will be
transferred to compact discs (CDs). All original CDs and original printed/paper files associated
with the study will be shipped to ENVIRON Intemational Corporation and archived. All tissues
derived from this study were consumed, thus not requiring archiving. All waste was properly
disposed (10).

10. STUDY PROTOCOL ADHERENCE

The study was perfonned in accordance with Study Protocol No. ENVIOI-I for study
ENVIOI-00325 (Appendix A). There were two amendments and no deviations to the Study
Protocol, ENVIOI-2.
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Table 2.

FEL
Modified Hoagland's Solution HS-1 witb 1:4 Ammonia:Nitrate

Media HS-)
Primary Ingredient (1:4)

mL Stoek/L
1M NH4H2P04 0.12
I MNH4NO) 0.70
I MKNO) ].JO

I M CaCNOj)2 0.75
1MMgS04 0.50

Micronutrients (Stock B)

2.860QH)BO)
1.810 g MnCI2' 4 H2O
0.220 " ZnS04 • 7 H2O 1.000.080 " CUS04 • 5 H2O
0.024 " Na2Mo04 • 2H20

14.527" FeCI)
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Table 3. Preparation of Sulfate Concentrations using Monovalent and Divalent Snits

1:2 :Ratio of Monovalent 10 nil'uleni Soils
~lIir('d for S04 Concrntration in 1 L liS. t lJardnts!' (ml:!/LCnCOJ)

COl1ccntmtion No1S04 K1S04 CnSO~ MgSO. Co nod Mg lISbllSis CD as basisSO, (mg/L)
10' -- -- --- -- --- ---
SO' --- --- --- --- --- ---
250 123.3 151.3 74.8 . 52.3 86.8 43.5
1000 492.9 604.7 298.7 208.8 347.3 173.7
2500 1232.2 1511.8 746.8 522.1 868.3 434.2
5000 2464.4 3023.5 1493.6 1044.2 1736.6 868.3

Mnslcr.(: or.].)! mM

No2S04 49.3 17.4

K,SO. 60.5 17.4
CaS04 29.9 8.7
MASO, 20.9 8.7
US-I 20.0

15,000 mgtL sulfQIC(nominal). Amount (mL) ofslock required to prepare 10 Lor: 5000 (10 L), 2500(5 L), 1000 (2 L). nnd 250 (0.5 L). 20 L required.
1 Prepared osmodified HS-I medium (sec Dllnchmcnl).
) HS-! (I :4) medium.
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Table 4. Modified HS-I with 1:4 Ammonia:Nitrate -10 mgIL Sulfate (nominal)

Media HS-I Media HS-I
Primary Ingredient (1:4) (1:4)

(!!ILl mL Stoek/L
I MNH4H2P04 115.00 0.12
1M NH4N03 80.00 0.70
I MKN03 101.10 1.10

1M CalN03)2 164.10 0.75
0.26M MgS04 31.10 0.40
0.74M M"Cb 151.00 0.54 ,

Micronutrients (Stock B) ,
2.860 g H3BOJ

1.810 g MnCh' 4 H2O
0.220 g ZnS04 • 7 H2O

1.000.080 g CUS04 • 5 H2O ---
0.024 g Na2Mo04 • 2H20

14.527 g FcC!)
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Table S. Preparation of Chloride Treatment Controls using Chloride (Non-Sulfnte) Snits

Low SulfAte (Chloridr Snits
mg,Rrqllirrd for SO.4Con('cnlfntion in 'I LUS-'I liard.", (mall. CaCO,1

Estimated en nnd Mg asConduclivilV2 NnCI KCI CnCl" MgCl, en ashasis
(umhos'cn;) basis

770 20,7 25.8 12.8 8.9 ._-
1890 104.8 128.6 63.6 44.5 73.8 37.0
2830 365.4 514.0 253.9 177.5 295.2 147.6
4100 1047.4 1285.0 634.8 443.8 738.1 369.1
8350 2094.7 2570.0 1269.6 887.6 1476.1 738.1

~lIIst('r (:' or Ul mM

NaCI 41.9 35.8

KCI 51.4 34.5
CaCI, 25.4 8.6
MaCI, 17.8 4.4
HS.l 20.0

I 103.2 mcqfL (nominal), Amoun! (mL) of stock required to prepare 10 Lor: 103.2 (lO L), sues L), 19.8 (2 L), 250 (0.5 L), and 0.8 (0.1 L). 20 Lrcquircd.
2Based on cxpcrimcnlnlly-dcri\'cd condUClh;IY conversion foctor of 0.85 to convert from sulfate to chloride salts.
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Table 6. Experimental Conditions for Hydroponic Study Definitive Phase

Test Substance Sulfate (2:1 mixed monovalent:divalent salts
Test System (saecies) Zizania valustris (wild rice)
Initial Staoe Seed

Exposure Period 10- d (mesocotyl emergence phase in dark) and 21-d (free leaf
ahase)

Selection Criteria Seed uniformity, visual Quality, and activation
Exaosure System Static-renewal in controlled environmental chambers
Exaosure Route Water (hvdroaonics)
Exchanoe frecuencv Daily, 0.7 volumes/day
Water Source Deionized water
Media HS-I with 1:4 ammonia:nitrate
Seed Densitv 30 seeds/I L pat (240 seeds aer treatment or controll
Test Vessel I L pots equipped with mesh bottom s..mnorts for seeds

4 replicates with each replicate containing two (2) I L pots. In

Replication summary, there were 60 seeds/replicate and 240 seeds/treatment
at SD O. Thirty seeds or seedlings/replicate (120 seeds/seedlings
treatment) were evaluated on SD 10 and test termination.

Vessel Placement Random

Positive Control Boric Acid (100 mg B/L) and 0.8, 4.2,19.8, 5U, and 103.2
meq/L conductivity control series

Test Perfonnance Criteria (contron See Table 7

Daily Activation, mesocotyl emergence, and visual inspection of
develoament (emeroence and normalcv of develoament)
Activation, mesocotyl emergence (%, time to emergence [TIE]
expressed as a median [MTE] ifpossible), shoot (mesocotyl,

SD 10 coleoptile, and primary leaf)/seminal root length and weight

Test Endpoints (mesocotyl, coleoptile, and primary leaf)/seminal root and
rootlets, and sions ofahvtotoxicitv
Activation, mesocotyl emergence (%, time to emergence [TIE]
expressed as a median [MTE] if possible), shoot (mesocotyl,

Conclusion coleoptile, and primary leaf)/seminal root length and weight
(mesocotyl, coleoptile, and primary leaf)/seminal root and
rootlets, second and free leaf biomass, and si~ns ofnhvtotoxicitv

N utrientiMicronutrients HS-1 (Malvick and Percich, 1993) modified with 1:4
Feeding ammonia:nitrate

Freauency Daily, 0.7 volumes renewed

Lighting Photoperiod Dark throu~h SD 10, then 16.h ITQht:8 h dark
Intensitv (post SD 10) 5000:t 1,000 lux (measured dailv at water surface)

Temperature In all replicates, daily, 21o:!:2°e (day), and nightly, 12:!: 2°e
(night)

pH, ORP, DO, conductivity 3x per week in one replicate i:nrotation to include SD 0 and
conclusion

Alkalinity, hardness, ammonia, nitrate, Initiation and conclusion of study in two replicates (A and B at
ahosphate initiation and C and D at conclusion),

Sulfate Study Day 0, 10, and 21 in all replicates of control and
treatments
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Table 7. Observation Time Points for Primary Endpoints

I:
.- - . - - - - - -_. - - . , ISI) 10'I

Physiological Em~rgcncc SI>21 Free- :
Endpoints: IlRil" ' .Pllose LearPhase I

Survival •
Germination •
Emcr~encc •
Shoot wei.ht and leJII!th • •
Root' wei.ht and lenl!th • •
Leafbiomass •
Phvtotoxicitv • •

Table 8. General Test Performance Criteria

pH

Water temperature

Sulfate concentration

Acce table Limits
95%
~30%
~90%
~80%

6-7.5 in all replicates of
control and tl'eatments

21o:!: 2°C (day), and nightly,
12 :!: 2°e (night) in all
replicates of control and

treatments
Inter-replicate ev :520% for
control and treatments for
individual measurement set
Stud Da 0,10, and 21

-,J (100%)

(within
ran e

-,J (within
range)

'Ineludes mesoeotyl, eoleoptile, and primary leaf measured combined for weight and individually by structure for
length.
'Seminal roots and rootlets for weight and seminal root for length.
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Table 9. HS-1 (1:4) Nutrient Media Treatment Water Quality Summary

MIN
MAX
MEAN
SEM

MIN
MAX
MEAN
SEM

Residual
Oxidants NH,.N
m L
<0.1 7.29
<0.1 7.83
N/A 7.55
N/A 0.12

Table 10. Boric Acid Treatment Water Quality Summary
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Table 11. 10 mglL SO/'Treatment Water Quality Summa!")'

.._--

NH,-N

MIN 120 <0.1 7.12 12
MAX 208 <0.1 7.79 14
MEAN 160 N/A 7.45 13
SEM 22.6 N/A 0.15 0.4

Table 12. 250 mgIL SO/'Treatment Water Quality Summa!")'

MIN
MAX
MEAN
SEM

Alkalinity
m L
6.00
12.00
8.50
1.50

Residual
Oxidants
mIL
<0.1
<0.1
N/A
N/A

Table 13. 1000 mg/L SO/'Treatment Water Qualil)' Summary
..... _- ... . . .

Residual
Hardness Alkalinitv Oxidants Nlf,-N NO,-N PO,-P Sulfate Conduetivitv
(m"/L) ___. (m"/LI • (m"/LI (m';/LI (m';/L' (ml!/L) (ml!/L) (umhos/em)

MIN 426 4 <0.1 7.40 50 4.39 1024 2732
MAX 780 12 <0.1 7.66 62 4.76 1080 2916
MEAN 589 8 N/A 7.52 57 4.59 1044 2797
SEM 91.0 1.8 N/A 0.05 3.0 0.08 8.1 18.0

Table 14. 2500 mg/L SO/'Treatment Water Quality Summary
.. . . . . .. . .. --_. ...

Residual
i Hardness Alkalinitv Oxidants Nlfc,-N NO,-N I'O.-P Sulfate Conduetivitv

(m"/L' (nw/Ll . (m"/LI (m"/L' (m';/Ll (mRILl (mR/Ll. {umhos/em; _
MIN 888 8 <0.1 6.82 59 4.56 2510 4210
MAX 1930 12 <0.1 7.08 65 5.08 2592 4884
MEAN 1348 10 N/A 6.99 61 4.85 2545 4423
SEM 269.0 0.8 N/A 0.06 1.3 0.14 12.6 76.2

Table IS, 5000 mglL SO/' Treatment Water Quality Summary

Residual
Alkalinity Oxidants NH,-N

m L m L
MIN 1590 8 <0.1 6.96 60 4900 8341
MAX 2960 18 <0.1 7.54 67 5022 8886
MEAN 2240 12 N/A 7.25 63 4980 8507
SEM 352.9 2.4 N/A 0.13 1.8 19.1 59.3
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Table 16.

MIN
MAX
MEAN
SEM

Table 17.

MIN
MAX
MEAN
SEM

Table 18.

0.8 meqfL Treatment Water Quality Summary

Residual
Oxidants
m L
<0.1
<0.1
NfA
NfA

4.2 meqfL Treatment Water Quality Summa'1'

Residual
Oxidants
m L
<0.1
<0.1
N/A
N/A

19.8 meq/L Treatment Water Quali!)' Summary

FEL

MIN
MAX
MEAN
SEM

Table 19.

6.00
10.00
8.00
0.82

------.
Residual
Oxidants Sulfate
m L
<0.1 46 2836
<0.1 56 3032
NfA 50 2906
NfA 1.7 20.9

51.1 meqfL Treatment Water Quality Summa'1'

MIN
MAX
MEAN
SEM

MIN
MAX
MEAN
SEM

Table 20.

Hardness

900
2210
1468
335.3

Residual
Oxidants
m L
<0.1
<0.1
N/A
N/A

103.2 meq/L Treatment Water Quality Summary

Residual
Oxidants
m L
<0.1
<0.1
N/A
NfA
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Table 21. sol Treatment Sulfate and Conductivity Measurcments

FEL

I Oa" 0 [lal' 10 oiidl
.. . . .

Exposure
..

sol Sulfate Conducti\'it\' Sulfate
Conductivity

Sulfate
Conducti\'it"

Sulfate Conduetlvit)'
Concentration (m!!lLI (pmhos/emi (m'LI (m L) (m!!lLI (I,mhos/emi

(m!!lLl Mean SEM Mean SEM 1\1enn SF.••••
(pmhos/cm)

Menn SEM
(pmhos/em)

Mean Mean
10 12 0.0 515 3.2 13 1.0 552 13 1.0 638 13 554

SO mS-1l Control 49 1.0 528 1.7 51 1.0 555 55 1.0 656 52 572
250 235 5.0 833 4.1 235 0.5 1694 248 8.0 1780 239 1729
1000 1065 15.0 2746 6.1 1036 6.0 2793 1031 7.0 2916 1044 2797
2500 2520 10.0 4243 13.1 2581 11.0 4288 2535 11.0 4884 2545 4423
5000 4955 55.0 8356 6.3 4969 16.5 8402 5017 5.0 8886 4980 8507

Table 22. Chloride Treatment Sulfate and Conductivity Mea~urements

Ol,solved
.

Oa" 0 Oa" ]0 1)0\' 2) EXDosurc
. .

Solids Sulfate Conductivity Sulfate
Conductivily

Sulfate Conductivity Sulfate Conductivit'.
Concentration (m /Ll (umhos/cml (m'Ll (m Ll I (m!!lLl Couuhos/emi

(mco/L /umhos/eml l\1C'an SEM l\1enn SEM MC'nn SEM
(pmhos/cm)

l\1C'an SEM
(flmhos/cm)

Mean Mean
0.8/770 51 3.0 659 7.7 53 3.0 709 54 2.0 763 53 699
4.2/1890 52 0.0 1884 6.4 49 1.0 1962 50 4.0 2110 50 1960
19.8/2830 52 2.0 2851 7.8 46 0.0 2883 52 4.0 3032 50 2906
51.]/4]00 53 3.0 4154 23.5 52 0.0 4204 56 0.0 4396 54 4224
103.2/8350 54 0.0 8354 10.4 50 4.0 8432 54 0.0 8902 53 8509
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Table 23. Stud)' Da)' 10Control Endpoint Summar)'

FEL

1-- ----- - .- ..
11Pl'r Rcolicilic

I\t('nn MUD Ml,'nn 2" Ph~'loto.\: I

lr""m,n,

Scmi""! Seminal MenD MUD Leuf Mean Abn"m,1 J
MesO('ot)'1 Mcsocot~'1 Scoollng Root Root Shoot Shoot Rio- ••'r~ Appearance

Acih'ol('d Act:~'nlion I<:mer~ed Emelltcnce Sun'h'BI Sun"iml Biomass _~~ll'c:~:h.. ~:om~~sI~:~~h(:~:'\ I;~~r
'n .'%'Kc •.•. Seed In' .. .__-. "Ie) _ (ni l"i;, (n' (~;.> (f!, dw). dn

A 30 100.0 18 60.0 18 100,0 0.0004 3.187 0,0032 3.922 0.0020 0.9 0 0.0
B 30 100.0 IJ 43.3 IJ 100.0 0,0004 3.405 0.0027 3.838 0.0025 0.9 0 0.0
C 30 100.0 IS 50.0 IS 100,0 0.0004 3.949 0.0020 3.136 0.0023 0.8 0 0.0liS.]
D 30 100.0 IJ 43.3 IJ 100.0 0,0006 5.368 0.0029 4.236 0.0025 0.' 0 0.0

Mean: 30 100.0 ]4.75 49.2 14.8 ]00.0 0.0005 3.977 0.0027 3.783 0.002 0.9 0.0 0.0
SEM: 0.0 0.0 1.2 :t9 1.2 0.0 0.0001 0.4906 0.0003 0.2321 0.0001 0.04 0.00 0.0
A 30 100.0 6 20.0 6 100,0 0.0002 1.245 0.0020 2.763 0.0007 0.5 6 100.0
B 30 100.0 5 16.7 5 100.0 0.0001 2.229 0.0017 2.625 0.0010 0.4 3 60.0

100 mglL C 30 100.0 7 23.3 7 100.0 0.0002 2.001 0.0021 3.445 0.0008 0.9 4 57.1
BA D 30 100.0 9 30.0 9 100.0 0.0006 2.159 0.0022 2.669 0.0010 0.7 6 66.7

Mean: 30 100.0 6.75 22.5 ••• 100.0 0.0003 1.908l 0.0020 2.R751 0.001) 0.' 4.75 71.0.

SEM: 0.0 0.0 0.9 2.8 0.' 0.0 0.0001 0.2263 0.0001 0.1919 0.0001 0.10 0.75 9.9

I Significantly less than 1-1$.1control (ANOYA, Bonferroni [-test, p<O.OOI).
:! Significantly less than HS.I control (ANOYA, Bonferroni Hest, p=O.OOI).
3 Significantly less than HS-I control (ANOYA, Bonferroni t-test, p=O.OOI).
4 Significantly grealer than HS-] control (ANOYA, Bonlcrroni I-test, p<O.OOI).
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Tablc24. Study Day to Sulfate Exposure 'Endpoint Summor)' 

FEL 

Prr Rt'f1l1nt~' 
_ .._- .. . .. ... .

i 
Mt'lln Mt'lln Mt'l'm2- PhytlJlln: :1 
Stmloal Semlnnl Melin ;\trUD lA'af ;\Irlln t\lmormnl l 

Mt'~()col)1 ,\t('~OC(lI)'1 SHifllnlt Roo( Root Shoot Shoot 1110- frN' Appt'lltan('(' i 
, At'lh'nlt'd ,\('11\111100 f<:mt"I"Rt'd .:m<'I"Rt'n('(' Sun'h~1 SUf'\'h'al RI(lmp~~ LrDu,lb Uiomn'J I.t'DJtth mll~~ I.uf C., C"., I. Trt'lllmt'nl Rf'D._ "' ..•.1.' .. .IV.) I.;: c'i;, ... C., .. C%, (e...dw) I"n' C~d.' C"n' Il!.dw) C., 

A 30 100,0 15 50.0 15 100,0 0,0003 3.890 0.0025 3.756 0.0016 0.9 0 0.0 

B 30 100,0 24 80.0 24 100.0 0,0005 3.996 0.0036 4.229 0.0022 1.0 0 0.0 

10~. C 30 100.0 19 63.3 19 100.0 0.0004 3.985 0.0031 4.685 0.0026 0.9 0 0.0 
SO, D 30 100.0 8 26.7 8 100,0 0.0006 3.846 0.0051 3.921 0.0033 1.0 0 0.0 

Mt'lln: '0 100.0 16~ 55.0 1605 100.0 0.0005 3.929 0,0035 4.148 0.002 0.9 0 0.0 

Sr.M: 0.0 0.0 304 11~l 'A 0.0 0.0001 0.0367 0.0006 0.2043 0.0004 O.oJ 0.00 0.0 

A " 100,0 2S 83.3 2S 100.0 0.0007 4.160 0,0052 3.437 0.0023 0.9 0 0.0 

a '0 100,0 " 50,0 15 100.0 0.0008 5.672 0.0024 ).~8 0.0021 1.0 0 0.0 

250~. C '0 100.0 " 63.3 " !OO.O 0.0006 J.326 0.0020 ).728 0.0019 0.9 0 0.• 
SO, 0 ,. 100.0 " SO.O " 100.0 0.0008 J.14.4 0.0024 ).2.44 0.00)0 1.0 0 0.0 

Ml.'1In: ,. 100.0 18.~ 61.7 u.s 100.0 0.0007' 4.126 o.oOJO 3.s99 0.002 1.0 0 •. 0 

Sr.:'!t: 0.• 0.• 1A 7.' 2A 0.0 0.0000 0.6027 0.0007 0.1634 0.0002 0.03 0.00 •. 0 

A '0 100.0 ,. 66.7 20 100.0 0.000' 2.942 0.0024 3.700 0.0024 1.0 0 0.0 

B " 100.0 I' .46.7 I' 100.0 0.1)00' ".. 0.0019 ).110 0.0019 0.9 0 0.• 

l000inWL C '0 100.0 17 S6.7 17 100.0 0.000' 4.OS2 0.0021 3.345 0.0027 •. 9 0 0.0 
S041-

0 ,. 100.0 24 SO.O 24 100.0 0._ 4.029 0.0020 3.176 0.0021 0.9 0 0.0 

IIttftn: " 100.0 U.7~ 62.~ I" 100.0 O.ooo~ 3.640 0.0021 3~')3 0.002 0.' 0 0.0 

SF:I\1: 0.0 0.0 2.1 7.1 2.1 0.0 0.0000 .,66< 0.0001 0.1321 0.0001 0.02 0.00 0.0 

I Significantly greater thon H$-1 control (ANOVA, Bonferroni t-test. p..o.OI3). 
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Table 24. (contbrlled)Study Day 10 Sulfate E"posurcEndpoint Summary

FEL
.. - - . ........ --

Per Renllente
.. .- -il

Melin Menn :\11.'0112" Moo )'hytotox: ,
I

Seminal Semlnnl MeDn I\1l.'all !'eaf n Abnormal I
Me~otyl ;\'ll'slK'olyl Sl'l'dllnR Root Root Shoot Shoot 810. "'rt't' Appenrnncl'

Acti:n,!~ ACI:;:~ion -,~~~,~~~-Em~~~oce SU~~\'DI SU:G;~~'DI ~~om:~s I.l'nglh Biomass
I~c,::~h (:n~'l I,;~~f

./%1.1'In'ntmt'nt Rl'-. Sl'M. n .. :to dw Ic~) '".d~1 •.dw In'
A 30 100.0 21 90.0 21 100,0 0.0003 3.769 0.0019 3.329 0.0016 1.0 0 0.0

B 30 100,0 17 56.7 17 100.0 0.0005 4,023 0.0021 3,064 0.0027 1.0 0 0.0

2500 mgf!' C 30 100.0 17 56.7 17 100.0 0.0005 2.416 0.0019 2.750 0.0022 1.0 0 0.0
SO/"

D 30 100,0 20 66.7 20 tOO.O 0.0004 3.241 0.0018 2.516 0.0020 1.0 0 0.0

Mt'lIn: 30 100.0 20.2~ 67,~ 20.3 100.0 0.0004 3.362 0.0019 l.91!,1 0.002 '-0 0 0.0

SEM: 0.0 0.0 2.' 7.' 2.' 0.0 0.0000 0.3~51 0.0001 0.1779 0.0002 0.01 0.00 •••
A 30 100,0 16 53,3 16 100.0 '.0001 ISiD 0.0019 2.319 0.00l4 0.8 , 37.5

B 30 100.0 2S 83.3 2S 100.0 0.0006 2.551 0.0019 2.291 0,0013 '.8 7 28.0

5000 mwl. C 30 100.0 22 73.3 22 100.0 0.0005 1.949 0.0019 2.114 0.0016 I.' 10 45.5
sol D 30 100.0 22 73.3 22 100.0 0.0004 2.233 0.0016 2.246 0.0012 .., 10 45.5

Mt'lIn: 30 100.0 2U!' 70.S 21.3 100.0 O.OOO!' 2.0761 0.0018 2.242~ 0.001 •., S.2!' 39.14

SEM: 0.' 0.' I.'
._, '-, ••• 0.0000 0.2087 0.0001 0.045!' 0.0001 0.04 1.03 4.1

I Significanlly less than HS-l control (ANOVA, Bonferroni t-test, p~.002).
2 Significantly less than HS-I control (ANOVA, Bonferroni t-tcst, p"'O.002).
3 Significantly less than HS.] control (ANOVA, Bonfcrroni t-test, p<O.OOl).
4 Significantly greaterthan HS.\ control (ANOVA, Bonferroni t-test, p<O.OOI).
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Table 25. Stud)' Day JO Chloride Treatment Endpoint Summary

FEL

1,.. -

Pt'r Replk'atl'
;\1('1In Mtlln l\1l'Mr Ph~.tDIO\:
St-ml'llul &oml"n! MUD ;\1('1," L('JIr Me-un Ahnormlll

Ml'socolyl MMo«ll~'1 SN'ftllnlt R.m Roo' Shoot Shoot n1o- Frtt' Appt"aran('~
f\rlh'ottd A('th'allon Emrrnrd ~:mt'rn('n('(' Suni\'111 Su,,'h'lIl n1nmn~~ I.('PIt1h U1nm~ 1.4.'nltth nlP~~ "(,lIr

Urn St-rd Inl._ ,.;., ./.;' ,";;, ..\ .".\ '~d.' /('~) ••.d.' ."., .~•.., /" . .., .".,
A ,. 100.0 ,. 33.3 \. 10(1.0 O,()()()1 3.112 0.0013 2.101 0.0031 ••• • •••
n ,. 100.0 14 46.7 14 100.0 0.•••• 3.013 0,0014 2.m 0.0026 0.' • •••OJ! rmqn. C ,. 100.0 ,. lJJ \0 100,0 0,0003 3.282 0.0018 2.457 0.0025 •. 8 0 •••OIssoh"td

Solids D ,. 100.0 • 30.0 • 100.0 o.oOOS 4.047 0,0014 2.552 O,OOIS ••• • •••
~Itan: ,. 10M IO.7!i 3!i.3 lOA 100.0 ,.•••. ,,.. O.OOI!'i1 2.3111 0.002 ••• • •••
S~:M: •., ••• '.1 '.7 ,., ••• '.0000 0.1.\47 MOtH 0.11)7 0.0003 0.03 ••00 ,.•
A ,. 100.0 8 26.7 8 100.0 •••••• 4,799 0.0021 2.814 0.0030 1.0 • •••
n ,. 100.0 7 23.3 7 100.0 •••••• 4,0:29 0.0(118 '.56' 0,002.3 .., • •••

4.2 mt'q/I. C ,. IOCI.O " '33 " 100,0 0,0003 3.689 0.0016 2.570 0.0011 1.0 • •••nls~oh't'd
Solld~ D ,. 100.0 8 26.7 8 100.0 O.OOOS 4.762 0.0019 2.SIlS 0,0024 .., • •••

Mttn: ,. 100.0 • 30.0 .., 100.0 ,.•••. "_'\20 0.00t! 2.700' 0.002 ••• • •••
SI~M: •., ••• IA '-' IA ••• '.0000 0.27411 0.0001 0.07~ 0.000' •••• ••00 ,.•
A ,. 100.0 12 40.0 12 100.0 •••••• 2.669 0.0016 2.103 0,0025 ••• • •••
n ,. 100.0 , 20.0 , 100.0 0,0003 1,620 0.0015 1,976 0.0017 • .8 • •••19.8mrqll. C ,. 100.0 ,. 33J \0 100.0 •••••• 3,043 0.0015 2,480 0,0023 ••• • 0.0

D1~oh'f'd
Solids " ,. 100.0 ,. 33J \. 10Cl.0 •••••• 3.637 0.0015 2.192 0.0013 ••• • •••

Me'll": ,. 100.0 9.~ 31.7 " 100.0 •••• 04 2.792 o.oOI~ 1.IM. 0.002 ••• • •••
Sf.~I: •., ••• '3 ., IJ 0.0 •. 0000 0"'2.\9 •.0000 0.1071 0.0003 0.02 0.00 ,.•

I Significnntl)'lcs$ than BS.l c('lnlrol (KW ANOVA. I)unn'$ Method, p<O,OS)
: Significuntl)' less than 1-IS.l control (ANOVA, Bonfcrroni I-lest, p<Q,OOI).
3 Significnntly less Ihnn I-IS.l control (ANOVA, Bonferroni Hest, p<O.OOI) •
• Significuntly Icss thnn I-IS.I control (ANOVA, Bonferroni I-lest, p<O.OOI).
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Table 25. (cont;"ued)Study Day 10 Chloride Treatment Endpoint Summary

FEL
I

... -- . ... ...
IP{'r R{'nlicnte

I l\1{'nn 1\1l'lln I\1{'UII 2" M" l'h~10to~: II, Srminal Seminal M{'an Mrnn Lenf • Abnol"mn1 I
I Mesoc(Jtyl Ml'socotyl Sel'dlin~ Rool Ruot Shoot Shoot Rio- Frrr Apl)rllrBnCl" ,

II Acti:~~ A"t::'~~lon J<:ml~,;Cd En;~cncc Sun'inll Sun'h'al ~~~mass Lcn~th lliomBSS LeDAth mllss I.ellr
I TreAtment R,'- Sl"M n • ~;.;\ '.' _~:i.i;;:_ • d,,:) tc~;l ". dwl I,,~) (p.dw) I.' '.' ,''-,

A JO 100.0 21 70.0 21 100.0 0.0003 2.409 0.0007 2.524 0.0018 09 l 9-'
R JO 100.0 12 40,0 12 100.0 0.0003 3.361 0.0015 2.546 0.0018 1.0 1 8-'

SI,I mcq/L
C JO 100.0 , 23.3 , 100.0 0.0005 3.390 0.0019 2.870 0,0021 0.9 0 0.0Dissolved

Solids D JO 100.0 18 60.0 18 100.0 0.0005 3.709 0.0016 2.219 0,0019 0.8 1 5.6

Mun: 30 100.0 14.~ 48.3 145 100.0 0.0004 3.217 O.OOISI 2$401 0.002 0.9 1 5.9
SEM: 0.0 '.0 3.' 10." 3.' '.0 0.0001 0.2808 0.0003 0.1330 0.0001 O.OS 0.41 2.1

A 30 100.0 9 30.0 9 100.0 0.0004 2.005 0.0015 2.174 0.0015 1.0 2 22.2

103.2
B JO 100.0 8 26.7 8 100.0 0.0004 1.980 0.0014 2.113 0,0014 1.0 5 62.5

meq/L C 30 100.0 II 36.7 II 100.0 0,0005 2.051 0.0012 l.810 0.0013 0.9 3 27.3
Dissoh'ed D 30 100.0 8 26.7 8 100.0 0.0004 2.166 0.0016 2.284 0.0013 1.0 4 50.0Solids

2.0!'i1~ 0.0014( 2.09S~ 40.S~Melin: 30 100.0 9 30.0 9.0 100.0 0.0004 0.001 1.0 3.S

SEM: 0.0 0.' 0.' 2.' 0.' ,., 0.0000 0.0413 0.0001 0.1016 0.0001 0.02 0.6S 9.s

I Significantly less than HS-l control (KW ANOVA. Dunn's Method, p<O.05)
Significantly less than HS.l control (ANOVA, Bonferroni t-Iest, p<O.OOI).

3 Significantly less than H$-l control (ANOVA, Bonferroni t-test, p=O.002).
( Significantly less than HS.l control (KW ANOVA, Dunn's Method, p<O.05)
5 Significantly less than H$.l control (ANOVA, Bonferroni I-lest, p<O.OOI).
(,Significantly greater than H$-I control (ANOVA, Bonfcrroni t-tcst, p<O.OOI).
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Table 26. Study Day 21 Control Endpoint Summary

FEL

I

.. ... .. .. .. . .. _I
Per Reniit'llte

MClin /\lean Menn r Mea I'hyt()lo~: I
StminHI Seminal Menn Menn Leaf 0 Abn(lrmal

l\1esoeotyl l\1{'socoj~'1 S{'{'dlln~ Roo! Roo! Shoo! Shoot Hio- Fr{'{' i\ppeuranee I
i Acth.iued Aeth'ntion Emer~{'d Enl{'~ent'e Sun'h'ul Sun'ival Rillmuss Length Biomass Length (::~s:,) Leaf
i _Treutml.'nc R,o S"" '0' f%' 1111' ,,,.) fo' ,%) ,•• dw) Ic~l (2,d ••••.) '"n' ,dw fo' (0' ,%)

A JO 100,0 If 36.7' 11 100.0 0.0004 4.953 0.0027 3.518 0.0053 3.7 0 0.0

B JO 100,0 12 40.0 12 100.0 0,0007 4.809 0.0026 4.004 0.0058 4.3 0 0.0

US-I C JO 100.0 13 4303 13 100.0 0.0006 4.866 0.0020 2.718 0.0058 3.1 0 0.0

D JO 100,0 10 33.3 10 100.0 0,0002 3.354 0.0022 3.411 0,0049 J.4 0 0.0

Ml'lIn: 30 100.0 II.~ 38.3 II.~ 100.0 O.OOO!' 4.491\ 0.0024 3.412 D.OO!'!' 3.' ° 0,0

SEM: 0.0 0,0 0,' ,,' 0,' 0,0 0.0001 0.3817 0.0002 0.26~1 0.0002 0.2!' 0.00 0,0

A JO 100.0 , 16.7 , 100.0 0,0002 2.079 0.0036 3.814 0.0027 '-, , 100.0

B JO 100,0 , 16.7 , 100.0 0.0003 2.116 0.0030 3.447 0,0042 3.8 , 100.0

Ion mg/l, c JO 100.0 , 16.7 , 100.0 0,0004 2.122 0.0019 2.278 0,0018 2.2 , 100.0
BA D JO [00.0 8 26.7 8 100.0 0.0003 1.959 0.0029 3.741 O.CK137 3.3 8 100.0

Mtllll: JO 100.0 !'.71\ 19.2 !'.8 100.0 0.0003 2.0691 0.002.8 3.320 0.0031 ',7 1\.7~ 100.02

SEM: 0,0 0,0 0,8 2.!' 0,8 0,0 0.0000 0.0380 0.0004 0.3!'63 O.OOO!' O.SO 0.7S 0,0

I Signi ficantly less than HS-l control (.ANOYA, Bonfcrroni I-lest, p<O.OO 1).
2 Significantly grea!er than HS-I control (ANOVA, Bonfcrroni t-test, p<O.OOI).
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Tabld7. Study Day 21 Sulfate Exposure Endpoint Summary' 

FEL 

r . - --- .. . 
Pt'r Rrnlklltt' 

I T,,,,~", 

~'t'lln Mt'.lIn Mt'lln 2- I'h,'lolo~: 
~mlnnl Srmlnnl Mun Mun l.rnr M<,nn Abnormal 

;\1f'SOC'nlyl Mf'Socol,'1 Sftdlin~ Rool Rool ShOll! Shoot lllDo Frr!'r ApJl'l'ftrnon' ' 
Arlh'ntro ,\('lh"8tloo J<:1IK'~td t:lIK'f'Jltnrt' 5u","I\'I11 Sun'h'ol lJlomn~~ l"tnwh U1om~s lA'rtWh mllS\ I,('of 

R,. "''''.10' 1~1.1. /,i.' I'i;, (,I /%1 .(,.dw' {r';;' _0 ••. dw\ /,';;, (p.d,,' 10' /01 /';'\ 
A JO 100.0 I " 40,0 12 100,0 0.0006 5.962 0.0026 4.197 0.007S 3,9 0 0.• 

R ,. 100.0 • 30,0 • 100.0 •. 0006 ",. 0.0024 3.376 0.0063 ~.7 • ••• 
10 ::"t'. c ,. 100.0 " 40,0 12 100.0 0.0001 s,m 0.0022 2.606 0.0063 M • 0.• 
504 0 ,. IOO,a " 73,) " 100.0 ...." ,.•.. 0,0019 2.391 0,0076 J.' • ••• 

Mran: JO 100.0 J~.7!' o1!'.1' '" 100.0 O.~ ~"")6 0.0023 3.143 0.0069 'A 0 0,0 

Sf:M: 0.0 0.0 2A 9.!' lJl 0.0 0.0000 0.1996 0.0002 0..••10) 0.0003 (loOA 0.00 0,0 

A ,. 100.0 " M.7 " 100.0 •. 0006 5,072 0,0023 3,015 0.0076 '.1 • 0.• 

R ,. 100.0 " 36.7 " 100.0 O,OOIB 4.677 0.0020 3,026 0.0068 ,., • ••• 
25.~'. C JO 100.0 10 BJ 10 100,0 ..- 5.674 0.0028 3.605 0.0062 J.' • 0.• 
SO.' 0 ,. 100.0 :!:! 7JJ " 100.0 •. 0007 4.725 0.0021 3.161 0.0069 4.0 • ••• 

Mrtln: JO 100,0 IJA( "!t,O lJ~ 100.0 0.0006 M)7 0.001.1 3.102 0.0069 ).9 0 0,. 

sr:M: 0.0 M 2A 9.!i " 0.0 0.0001 0.1297 0,0002 0.IJ8~ 0,0003 O,I~ 0.00 0,0 

A JO 100.0 " 36.7 " 100,0 •. 0007 4.555 0.0024 3.232 0.005S ,., 0 0.• 

R J. 100.0 " 7JJ 21 100,0 •. 0009 ."" 0,0022 3,033 •. 0Il69 B 0 0.0 

1000 ",gil. C JO 100,0 " ".0 " 100,0 •. 0007 4.336 0,0028 3.205 0.0080 3.5 0 •. 0 
SO.l. 

" ,. 100.0 " 73.3 21 100,0 •. 0006 4,7S7 0,0023 3.1)4 •. 0066 'J 0 0.0 

/I1rt1n: JO 100.0 17A( ~lI.3 J7~ 100.0 0.0007 4~(~6 0.0014 3.1~1 0,"" l' 0 0.0 

SEM: 0.0 0.0 1.7 ',1 1.7 0.0 0.0001 0,0910 0.0001 0.(l4.4) O,~ 0.06 0.00 0.0 
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Table 27. (conti"ued)Study Day 2] Sulfate Exposure Endpoint Summary

FEL
... - --- . -_. ... . - .. - - - . ..

1>~;"R~~ilc.nt;
- .._.- .- ... .- .- .- -g

Mfan Mflln !\lean 2" Men 'rh)'t()lo~ ,:
Semlnnl Seminal Mrnn MUD !.-eaf 0 Abnormal

i\k~ocot)'1 Me.~ocot)'1 St'cdlln~ Root Rool Shoot Sh{>(lt 1110- FrC(' Appenrllncc
AClh'nted Acth'luion ";mel'~ed Eme~ence SUI"\h'al Sun'h'nl Uiomuss l.en~lh momass I.l"n~th mass !.('af

Trentmt'nt Rt'P' Seed (nl (%, 10) . (O/~l fo' 1%' -'" .• wl (c~;) f••• wl I,,;', ll!..dw 101 101 (%1

A 30 100.0 20 66.7 20 100.0 0.0007 4.429 0.0025 2.868 0.0070 33 0 0.0

II 30 100.0 26 86,7 26 100.0 0.0008 4.263 0.0026 2.945 0.0065 1f 0 0.0

2500 mgIL C 30 100.0 24 80.0 24 100.0 0.00lI6 3.743 0.0032 2.810 0.0073 3.3 0 0.0
sol 0 30 100.0 IS 60.0 IS 100.0 O.OOeX; 3.499 0.0026 2.636 0.0054 2.9 0 0.0

MellO: 30 100.0 12 73_" 22.0 100.0 0.0007 3.984 0.0027 2.81!i 0.006!i 3.2 0 0.0

SEM: 0.0 0.0 1.8 '.1 1.8 0.0 0.0000 0.2178 0.0002 0.06.% 0.0004 0.10 0.00 0.0

A 30 100.0 21 70.0 21 100.0 0.0007 2.601 0.0037 2.081 0.0049 2.' 19 90.5

II 30 100.0 II 36.7 II 100.0 0.0004 2.304 0.0033 2.115 0.0038 2.' JO 90.9

5000 mg/L C 30 100.0 J6 53.3 J6 100.0 0.0004 2,281 0.0032 2.067 0.0054 2.3 J4 87.5
sol 0 30 100.0 IS 60.0 IS 100.0 0.0007 3.076 0.0044 1.946 0.0054 2.9 J6 88.9

1\11'110: 30 100.0 16.5 5!i.0 16.5 100.0 0.0005 2.56!,1 0.0036 2.052 0.0049 2.' 14.75 89.i

SEM: 0.0 0.0 2.' 7.0 2.1 0.0 0.0001 0.'11151 0.0003 0.0368 0.0004 0.12 1.89 0.8

I Significantly less than I.IS-I control (ANOVA, Bonfcrroni I-test, p<O.OOI).
2 Significantly greater than HS-l control (ANOVA, Bonfcrroni t-Iest, p<O.OOI).
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Tabl.28. Study Day 21 Chloride Treatment Endpoint Summary 

FEL 

.- - .- ._ . .-

[-
P('r Rrnllutr 

i\lun !\Iron Mrllnl- Ph,\'lolo\: 
Sc-mlnftl Scmlnnl ;\I('lto !\Iran Lt'nf Mean Ahnormnl 

l\Il'!iorot~'1 Mr~(l('OI~..1 Stfflllnft Hoot Hoot Shoot Shool 010- Frrr t\pprllrno«
Arlh'nlrd A(lI\111lon .:tm'~t'd .:rnt'l:t'nrr Sunh'Dl Sun'll'"l U1omll..-, I~(n~:h._I::om=::s I~;.;;:h {::~:., I;:~r 

._'"' -"/.' . H,n Sf't'd. n .tOY.' , (ni' I~;I '"I 1%1 1r!.d~'1 . d. 

A " 10M , 
"J 

, 100.0 0.0006 6.139 0.0014 2.133 0.0(171 3.4 0 0.0 

II 30 100.0 11 36.7 11 100.0 O./lOOl 4,953 0.0015 .D69 0.""" 3.5 0 0.0 
0.8 mt'qIL C 30 100.0 9 30.0 9 100,0 0.0005 5.SS& 0.0015 2.IS3 0.0074 '.6 0 0.0D1tloh't'd 
Sollll~ f) 30 100.0 8 26.7 , 100.0 O./lOOl 3.702 0.0015 ,.'" 0.0048 '.0 0 0.0 

l\Itfln: 30 100.0 8.7~ 29.1 •• 100.0 0.0lXl!\ ~.I70 0.0014 1.670 0.006.1 3.4 0 0.0 

SF:l\I: 0.' 0.0 0.' ••• 0.' 0.0 0.0001 0.~~10 '.0000 O.J~l 0.0006 0.13 0,00 0.0 

A " 100.0 " 50.0 " 100.0 0,0003 3.644 0.0017 2.836 0.0059 '.S 0 0.0 

II 30 100.0 12 40.0 12 100.0 0.0007 4367 0.0015 2.639 0.0082 " 0 0.0 
4.2 I1mffl. C " 100.0 8 26.7 , 100.0 O./lOOl 3.916 0.001& 2.127 0.OOS5 ,. 0 0.0DI"oh'cd 
Solld..- f) " 100.0 8 26.7 , 100.0 O.OOOS 3.191 0.001& 2.136 0.0054 2.6 0 0.0 

1\11'1'": " 100.0 IO.1~ 3~.ll lOA 100.0 O.OOO~ ~.7ll;0 0.0017 "" 0.0070 ',9 0 0.' 
5.:1\1: 0,0 0.0 I.' ~.7 .., 0.' 0.0001 0-"" 0.0001 0.1197 ,.- 0.19 0,00 0.0 

A " 100.0 12 40.0 12 100.0 0.0006 3.712 0.0014 2.250 0.0064 ,., 0 0.0 

II " 100,0 " 50.0 " 100.0 O./lOOl 2.43) 0.0020 2.398 0.0071 ,-' 0 0.0 
19.8 mt'qfl. 

C " 100.0 
, 

10 33..3 10 100.0 0.0003 3.857 0.0016 2.377 0,0052 32 0 0.0I)Itloh'rd 
S(llld~ f) 30 100.0 , 26.7 , 100.0 0.0006 2,918 0.0015 2.274 0,0051 3.1 0 0.0 

Mtfln: " 100.0 1I.2~ 37_< IIJ 100.0 0-""" 3.2.101 0.0016 2-'2~ 0.0060 ,.. 0 0.0 

SI~M: '.0 0,' " M '-' 0.0 0.0001 0_1)64 0.0001 O.O)6ll; 0.()()O!ii O.OS '.00 0,0 

I Significantly less thon HS.I control (ANOVA. Bonfcrroni Hesl. p..().031). 
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Table 28. (cOI,I;nued)Study Day 21 Chloride Treatment Endpoint Summary

FEL
1

.
. . ..

PN: RrnliclItc
..

I
Mrl11'l L\1rlln MClin 2- ~1l.'i1

"h"olo"
Seminal Seminal ;\1('an 'Ml'jl8 I...('nr 0 I, Abnormal

l\1{'socolyl MeSOCOf)'1 Sc{,{!linA . Koot Root Shoot Shoot RIo- Frrr Apprllral'ler
,Activatrfl Aelll'atinn ":mergC'd ••:rilc'rAcl'lcc Sun'll'nl Survh'nl nil)maSS Lcn~th .mumnss l~nAth mnss Lcaf

.. 101 .. I~/.,_:ITrralment R,. Scrdln) •. I%} 10\ {"i~} .. I.} 1'"1.1 if!, dwl __ (c~) . I•• dw} (e~1 I•• dwl lo)

A 30 100.0 20 66.7 20 100.0 0.0004 2.894 0.0016 2.537 0.0059 3.1 0 0.0

B 30 100,0 13 43.3 " 100.0 0.0005 4.149 0,0018 2.514 0.0073 3.6 0 0.0
St.l mrq/L

C 30 100,0 10 33.3 10 100.0 0,0008 3.598 0.0025 2.638 0.0081 3.2 0 0.0Dlssolwfl
Solids D 30 100,0 18 60,0 18 100.0 0.0005 4.075 0.0019 2.307 0.0066 3.1 0 0.0

MC1lI\: 30 100.0 1!'.2!' !'iO.8 1!'.3 100.0 O.OOO!' 3.679 0.0020 2.499 0.0070 U 0 0.0

S•.:M: 0.0 0.0 2.3 1 7.6 U 0.0 0.0001 0.2887 0.0002 0.0694 o.oOO!' 0.12 0.00 0.0

A 30 100,0 12 40.0 12 100.0 0,0010 3,054 0.0019 1,841 0.0092 3.2 12 100,0

103.2 B 30 100,0 10 , 33.3 10 100.0 0.0010 2.311 0.0024 2.022 0.0119 2.7 10 100.0

meq/L C 30 100,0 8 26.7 8 100.0 0.0013 2.841 0.0045 1,949 0.0068 2.8 8 100,0
Dlssoln>d D 30 100.0 " , 36.7 " 100.0 0.0009 3.241 0.0027 1.811 0.0061 2.9 " 100.0
Solids I: 0.00101 U62! 1.906~ 100.04Menn: 30 100.0 10.2!' .34.2 10.3 100.0 0.00211 0.008!' 2.' 10.2!'

SIo:M: 0.0 0.0 d •• I 2.' D•• 0.0 0.0001 0.2011 0.0006 0.04811 0.0013 0.11 O.S!' 0.0

I Significantly greater than HS-I control (ANOYA, BonfeITo~i t-test, p<O.OOl).
2, Significantly less than HS-l control (ANOVA, Bonferroni t-test, p=O.002) .
.1 Significantly lcss than liS.] control (KW ANOVA. Dunn's Method, p<O.05).
• Significantly greater thnn HS. I control (ANOYA, BonfcIToni t-test, p<O.OOI).
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Table 29. Median Emergence Time (MET) in Wild Rice on SD 21

FEL
._-- ._ ..

M~dian E~erf!cnce Time (d)
100 10 250 1000 2500 5000 0.8 meq/L 4.2 meq/L 19.8 meq/L 51.1 meq/L 103.2 meqlL
mglL ",giL mgiL mgiL mgiL ",giL Dissolved Dissolved Oissol\'cd Dissolved Dissolved

Treatmenl HS_,I B~~ SJ~ 2. SO 2. sot SO/- .sol. . Solids Solids S_oJids S.olids Solids,
RenA >21 >21 >21 >21 >21 5 7 >21 12 >21 8 >21
RenD >21 >21 >21 >21 5 5 >21 >21 >21 5 >21 >21
Rene >21 >21 >21 >21 8 5 7 >21 >21 >21 >21 >21

Ren D >21 >21 6 7 5 6 12 >21 >21 >21 13 >21

Mcdian I >21 >21 >21 >21 6.5 5 9.5 >21 >21 >21 >17 >21,
.'
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Figure 1. Morphology of Wild Rice Seedling (A) and Measurement Definitions (B) including
Seminal Root, Shoot (mesocotyl and primary leaf), and Secondary Leaf (Leaf biomass)

A

:$~nalrClot

",~illear
:(Flf8tCCnlPIt'te lea)"'. ... ,

B
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Figure 2. Exposure System Setup

FEL
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Figure 3. Effect of Sulfate and Chloride on Endpoints

in Wild Rice on SD 10
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Figure 4.
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Appendix A.
Study Protocol and Protocol Amendments
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FEL Protocol No.:.

Study Title:

Test ,Guideline:

FEL Sfudy No.:

Environ Study No.:

Proposed Start ,Date:

Test System:

Test Article:

Sponsor:

ENVIOl-2

Definitlve,Hydroponies,Based Sulflite Tondly to Wild Rice
(Zizanla palustris)

None

ENVIOl-00325,

20-30449B

September 2013'

Zizania ptilustrls

Sulfate

ENVIRON Jnieftlatlonal Corporation
201 Summit View Drive, Suite 300
Breniwood, TN '37027

Fort Environmental Laboratories, Inc. (FEL)
515 South'Duncan Street
Stillwater, OK 74074

FEL

Amendments:

INT Date Sectlon(s)
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I'I!L Protocol No./Sludy No. ENVIOI-2JENYI01-OO32S
September 201:3
20f23

1. SIGNATURE PAGE

T1t1e1Name Signature

FEL

Dale

STUDY DIRECTOR:
Dou as J. Fort, Ph.D.

SPONSOR REPRESENTATIVE:'
Scott Hall
ENVIRON International Co ration

STUDY LEAD:
Mark Blackburn

QAU MANAGER:
Michael Mathis

'Study Monitor.
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FELProtocolNo.lStudyNo.ENVI01-2lENVlOl-00325
Sept.:mber2013
50f23

2. GOOD LABORATORY PRACTICE

FEL

This study will be conducted in compliance with the following GLP principles:

• United States Environmental Protection Agency. TSCA, Good Lahoratory Practice
(GLP) Standards, Final Rule (40 CFR Part 792,1989) (I), and

• The final report will contain a statement indicating whether the study data comply with
the ahove GLP guidelines. The statement will he signed by the Study Director.

3. QUALITY ASSURANCE
The test facility shall have a Quality Assurance Unit (QAU) with the responsibilities and

functions as describcd in the OECD Principles on Good Laboratory Practice. Critical phase
inspections shall be conducted during the course of the study. The Quality Assurance Unit must
provide written reports of all inspections to the Study Director. Any problems found during the
course of an inspection which are likely to affect study integrity shall be immediately brought to
the attention of the Study Director and the Test Facility Management. The Study 'Director shall
be responsible for reporting findings, including corrective 'actions taken, 'affecting the study
integrity to the Sponsor Study Monitor as soon as possible in writing. The Sponsor or Sponsor's
QAU staff may inspect this study if required, and the raw data will be made available for their
examination.

The Test Facility QAU shall provide a QA Statement that includes the phases or
documents inspected, the dates of inspection, and the dates that the inspections were reported to
the Study Director and Test Facility Management. This statement shall he signed by the
responsible QAU.

4. INTRODUCTION
FEL has been contracted by ENVIRON Interoational Corporation to conduct a study of

sulfate toxicity to wild rice (Zizania palustris) using hydroponic exposure. The study will
ultimately he used to assist in the understanding of water-column based sulfate toxicity to wild
rice. The sulfate toxicity thresholds deteimined will support the efforts to re.evaluate the State of
Minnesota's sulfate water quality standard for wild rice of 10mglL sulfate. The study will be
conducted in accordance with the specifications identified in FEL's Quality Assurance
Management Plan (QAMP) (2), relevant facility standard operating procedures (SOPs), and
Study Protocol No. ENVIOI-2 prepared for FEL Study No. ENVIOI"0325.

5, OBJECTIVE
The primary objective of the study ENVIOI.00325 is to determine the toxicity of sulfate

to wild rice (Zizania paluslris) seed from the State of Minnesota, USA. A Method Development
Phase (MDP) was previously conducted to delermine the most appropriate culture media and
establish an experiment design including the lesting format and statistical design needed to
provide a definitive toxicity evaluation of sulfate to wild rice. Concentration-response data,
including No and Lowest Observed Effect Concentrations (NOEC and LOEC) and median
lethal, effeclive or inhibitory concenlrations (LC, EC or IC50); and sulfate loxicity thresholds,
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including Maximwn Allowable Toxicant Concentration (MATC) for the effect of sulfate on wild
rice will be determined. The MOP (ENVIOI-00324) was not performed under oLp guidelines.

6. STUDY FACILITIES AND CONTACT
The in'life (hydroponics) portion of the study, to include the pre-exposure equilibration

period and exposure phases of the MOP, will be performed at Fort Environmental Laboratories,
Inc., 515 South Duncan Street, Stillwater, OK, USA, 74074. The Study Director, Dr. Douglas
Fort, will serve as the study contact for this facility and may be reached at 405.624.6771 or
djfort@fortlabs.com.

7. STUDY SCHEDULE
The experimental study is proposed to start in September 2013 after Sponsor approval of

the Final Study Protocol. Since the exposure period required to collect the specified endpoints is
21 days, the in-life test duration is estimated to be no greater than 30 days.

8. EXPERIMENTAL DESIGN
The definitive concen~ration-response study will be performed using a static-renewal

format with test solution renewal performed daily at a renewal replacement volume of D.?, which
is consistent with the replacement rate used in the MOP (ENVIOI-00324). HS-I media (3,4)
with ammortia:nitrate ratio of 1:4 (Table I) will serve as the diluent, and a combination of
sodiwn, potassiwn, calciwn and magnesium sulfate salts will be used to prepare the sulfate stock
solutions such that the ratio of the monovalent to divalent salt will be 2: 1. A combination of
salts was used to minimize cationic imbalance and minimize effects causes by osmotic stress.
The following concentrations of sulfate wifl be used: control (HS-I), Concentrations
recommended for the definitive study of sulfate toxicity arc: 10,50 (HS-I (1 :4) [control]), 250,
1,000,2,500, and 5,000 mg sulfatelL (nominal). Sulfate in the form of monovalent and divalent
cationic salts will be used to prepare the sulfate treatments as described in Table 2. The
measured sulfate concentration in the HS,I control solution is ca. 50 mgIL. A modified HS-I
(I :4) solution will be prepared (see attached recipe) in order to reduce the sulfate concentration
of this media 10 10 mg sulfatelL nominal and used for the 10 mg sulfate/L test concentration.
The sulfate concentration will be measured on Study Day O. 10, and 21 in each replicate of the
contrnl and all treatments. To determine if effects potentially observed in the study are the resuh
of exposure to sulfate or a non-specific result of exposure to dissolved solids, five additional
conductive dissolved solids controls designed to be similar to the conductivity of the upper five
highest sulfate test concentrations will also be included in the design. Dissolved solids in the
fonn of non-sulfate salts will be used to prepare the conductive solids controls ,and are described
in Tables 3 and 4. The following dissolved solids concentratiollB will be used: 0.8, 4.2, 19.8,
51.1, and 103.2 meqlL. The experimental conditions and endpoints measured will follow those
specified in Tables 5 and 6.

8.1. Test Substance
The test substance will be sulfate comprised of sodiwn sulfate (Fisher Scientific, Houston,

TX, lot no. 130197,99.5%), potassilJrn sulfate (Fisher Scientific, Houston, TX, lot no. 131540,
99.0%) calcium sulfate (Fisher Scientific/Aeros, Houston, TX, lot no. A0314953, >98%), and
magnesium sulfate (Fisher Scientific, HoUstOn, TX, lot no. 130420, >98%). Chloride salts used
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to prepare the dIssolved solids/conductivity control series will include sodium chloride (Fisher
Scientific, EMD Chemicals. Merck, Darmstadt, Germany, lot no. 43167330, 99%), potassilim
chloride (Spectrum, Gardena, CA, lot no. OXOI54, >99%), calcium chloride (Sigma Chemical
Company, St. Louis. MO, lot no. 072KOI14, >99%), and magnesium chloride (Spectrum,
Gardena, CA lot no. PJ0288, >99%).

8.2. Dilution and Laboratory Control Water
FEL will Use deionized water as the base water for this study. The deionized laboratory

water will be prepared by passing tap water through a 4 filter system: a multimedia fi Iter to
remove suspended solids in the feed water; a 10" pre-treatment filter (5 I'm) to remove any
additional solids; a.3.6 te activated virgin carbon treatment filter to remove chlorine, ammonia.,
and higher molecular weight organics; 1.2 ft' cation, 1.2 ft' anion, and two 1.2 ft' mixed bed ion
exchange polishing filters in series to deionize the water. Both polishing filters are equipped
with conductivity detection systems. Water exceeding 5 J.U11hos/cm is -SIgnaledby a warning
light. A 5 I1ffi solid filter completes the water treatment process and ensures no solids are
released during deionization. Water quality characteristics of the laboratory water are monitored
twice per month for pH, dissolved oxygen (DO), conductivity, hardness, alkalinity, ammonia,
residual oxidants; and at least annually for iodide, polyaromatic hydrocarbons (PAHs),
pesticides, and metals. The dilution water was most recently analyzed fot pOilticides,PAHs, and
metals on Febmary5, 2013, and all water quality measurements cited above met the U.S. EPA
and American Society for Testing and Materials (ASTM) criteria for aquatic toxicity test culture
water. Deionized water will be used to prepare the culture media and test solutions in
accordailce with Tables 1-4. Basic water chemistry parameters such a pH, hardness, and
conductivity will be documented on a representative sample of each test medium evaluated.

8.3. Test System
The test system in the present study will be wild rice (Zizania paillstris).

8.3.1. Origin and Handling

Wild rice was hand-harvestedfrom Little ROllndLake in Becker COllnty (03-0302-00) on
AlIgllst 30, 2012. Three over-winter storage techniqlles were employed: 1) fOllr two.liter general
chemistry plastic bottles were partially filled with wild rice and Little ROlIndLake water,
wrapped in aillminll/nfoil. and transferred to MPCA St. Pallifor storage in the water qllality
laboratory walk-in refrigerator; 2) fOllr gallon-size Ziplx bags were partially filled with wild
rice (dry stored), wrapped in aillminllmfoil, and transferred to MPCA St. Palll for storage in the
water qllality laboratory walk-in refrigeratar; and 3) approXimately 3.5 pOllnds of wild rice was
placed in a woven plastic bag and sllbmerged in Little ROllndLake beginning on AlIgllst 30,
2012 for Incloke, over-winter storage.

The woven plastic bag of wild rice was still partially frozen in the lake sedimenls when it
was retrieved onMay 17, 2013. At that time it was placed in a sealable, five-gallonfood grade
plastic bucket containing Little Round Lake water and placed in an feed cooler. Four two-liter
plastic general chemistry bottles ifLittle ROllndLake water were also collected onMay 17, 2013
and placed in the iced shipping cooler. The iced cooler containing the wild rice and the four
bottles of lake water were delivered to theMPCA on May 21, 2013. The lake water was
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decanted into four new general chemistry two liter plastic bottles. Approximately jive grab-
handfuls of wild rice were placed into each afthefour bottles. The bottles were
labeled, wrapped in aluminum foil, and placed in the water quality laboratory walk-in
refrigerator. J

FEL

Orte of these bottles conUlining Little Round Lake wild rice seed was sent to FEL on June
11,2013 by Gerald Blaha (MPCA, St. Paul, MN) and received by FEL on June 12, 2013. Upon
receipt the wild rice seed was unpacked, assigned sample number ENVI01-00324-003 and stored
at 4°C in the dark.

8,4. Exposure System
Test solutions will be provided using a staticcrenewal design in master 10 L hydroponic

tanks. The renewal frequency will be daily with 0.7 volume exchanges/day. Daily deaning of
the tanks using a turkey baster will be performed to remove biomass that may grow during the
course of the study. This will help minimize bio-fouling and hdp maintain water quality,
including anunonia accumulation, in tbe tanks. Care will be taken not to disturb tbe seeds and
seedlings. Tanks will be glass aquaria (with approximate mea,urements of 35 x 20 X 15 em
deep) equipped with basket inscts with an inert mesh to .support the seeds and seedlings. Each of
the four replicates per treatment will baye baskets and the baskets will be equally sub-divided to
house seeds and seedlings evaluated on study day 10 and study day 21 (study termination).
Following the lO-d germination and mcsocotyl development phase that will be conducted in the
dark, a combination of incandescent and fluorescent plant grow lights will be used .to provide a
photoperiod of 16 hours (h) light and 8 h dark at an intensity thai ranges from 5,000," 1,000 lux
(Iumens/m') at the surface of the seeds or plants. Water temperature will be maintained at 21° :!:
2"C (day) and 12 :!: 2"C (night), and pH maintained between 6.0 and 7.5 s.u. A summary ofthe
study conditions is provided in Table 5.

8.5. Water Quality Analyses

8.5.1. Water (Culture) Quality Analyses

In each replicate tank temperature and light intensity (lux) will he measured daily
throughout the study and following the lO-d gennination and epicotyl development phase. DO,
pH, oxidation/reduction potential (ORP), and conductivity will be measured three times per week
(7-d week) in one replicate tank of the various media in succession (A, B, C, D). In addition to
the other parameters, total hardness, total alkalinity, total residual oxidants, anunonia-nitrogen,
sulfate, and phosphate will 'bemeasured in the test solutions in 'two replicates of each treatment
at the initiation (A and B) aild the other two replicates (C and D) at the conclusion (study day 21)
of the in-life phase.

8.6. Equipment
The following equipment will be utilized:

• .study book (daily observations and data recording)

, Informationprovided by Gerald Blaha (MPCA, St. Paul, MN).
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• Glass aquaria;
• UV sterilization tubes and 0.2 11mbacteriostatic filters (as needed);
• Aquarium chiller/heaters (adjustable to 12-22'C);
• Thermometer;
• Binocular dissection microscope;
• Digital camera with at least 4 mega pixel resolution and maeto-.function (general test

photo documentation, test termination for digitizing [lengths to nearest mmland
documentation);

• Image digitizing software;
• Petri dish (100 x 15 mm) or transparent plastic chamber of comparable size;
• Analytical balance capable of measuring to 3 decimal places (mg);
• Dissolved oxygen metcr;
• pH meter capable" of measuring ORP;
• Light intensity meter capable of measuring in lux units;
• Miscellaneous glassware (beakers, volumetric flasks, Erlenmeyer flasks, graduated

cylinders, etc.);
• Adjustable pipetterS (10 to 5,000 ilL) or assorted pipettes of equivalent sizes;
• Top stirrer;
• Sample collection bottles;
• Water baths; and
• Turkey basters

8.7. Seed Selection

FEL

Considering the wild-collected nature of the seeds, cate will be given 10 ensure seeds are
selected using a consistent screening process to eliminate damaged or deformed seeds. Seeds
will be sieved through a #5 (4 mm) sieve followed by a #10 (2 mm) sieve to separate quality
seeds from debris. Visual inspection will also be conducted as seeds are loaded into test systems
to ensure damaged, discolored, or deformed seeds are not utilized. Seeds wiJI be placed in the
study from a set of pre-selected normal-appearing seeds that are of uniform size.

8.8. Test Method
The definitive toxicity study of sulfate in wild rice.will be conducted in a static-renewal

format as prescribed by the MDP (ENVIOI-00324) in an euvironmental chamber equipped for
hydroponic studies (Table 5). Test solution (0.7 of total volume) will be renewed daily. Each of
the 4 replicates per solution will have two I L mesh-lined pots. The inert plastic mesh will serve
as the medium on which the seeds will be placed and will serve as the inert medium required for
hydroponic culture. Each pot will contain 30 seeds (60/replicate and 240ltreatment at TO),which
wiJI be -adequate to evaluate concentration-response and assess significant differences in the
treatments relative to the control. The initial 10 study days (SD) will be performed in the dark to
promote mesocotyl emergence and development.

One randomly-selected pot will be sacrificed from each of the four replicates per
exposure at study day (SD) 10 to evaluate:
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• Activation expressed a % activation;
• Mesocotyl Emergence (in the dark) expressed.as % emergence and

time to emergence e"''''Pressed as a median at the replicate and
treatment levels;

• Seedling survival;
• Shoot (mesocotyL coleoptile and primary leaf) weight expressed as

dry weight, or dw;
• Shoot (mesocotyl, coleoptile and priinary leaf) lengths;
• Root (seminal and rootlets) dw;
• Seminal Root length; and
• Free leafnumber'and biomass dw

The remaining pots will be evaluated for these endpoints, as well as signs of phytotoxicity during
the free leaf stage at study conclusion (Study Day 21).

Since.the frequency of mesocotyl emergence will not likely be Woolo, an acceptable
frequency ofmesocotyl emergence was detennined from the MDP (ENVIOI-00324) and is listed
in Table 5. In addition to the Hs-i (I :4) negative control, a 100 mg BIL treatment in liS-I (1:4)
media will be included as a positive control toxicant.

For all endpoint assessments, plants will be carefully removed ai the appropriate time
intervals using watch maker forceps and placed into Petri dishes for each replicate to evaluate the
appropriate endpoints. Each set will he digitally photographed and length measurements of
shoots and roots will be recorded using digitization to the nearest mm. Weights (dw at 10S'C)
will be recorded using an analytical balance capable of recording to the nearest 0.1 mg. The
seminal root tissue will be dissected from the seed as will the coleoptile and primary leaf (shoot)
material to specifically evaluate root tissue length (development).

8.9. Data Collection and Biological Endpoints
Test data and daily observations will be recorded in the study records. Study records will

include study tracking sheets, test infonnation sheets, study calendars identifYing major events,
study logs for recording detailed observations and comments, activation, daily mesocotyl
emergence, seedling survival, test tennination data sheets, and representative digital photographs
taken during the conduct of the test. Endpoints selected for the present study arc based on those
required by OECD TestNo. 208 (5). These photographs will document the study design, study
milestones, and endpoints (length measurements and signs of phytotoxicity). The primary
endpoints of the study will be activation, mesocotyl emergence, and seedling survival measured
daily: and shoot and root iengths, sboot and root dry weights (see section 7.8), leaf biomass, and
signs of phytotoxicity (wilting, chlorosis, stem and root tot). Table 4 provides an overview of
the measurement endpoints and the corre-sponding observation time points. These endpoints will
be measured at SD 10 (as appropriate) and SD 21 (study tenninalion).

8.9.1. Activation

For the pntpose of the present study, activation is defined by the ahsotptionofwater by
the seed",and seed coat disruption. All seeds wiil be evaluated for activation lising a
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magnification lens. Activation data will be presented as a percentage ofthc total seeds 'per pol,
by replicate, and 'by culture media (treatment).

8.9.2. Mesocotyl Emergence

For the purpose'ofthe preseilt study, mesocolyl emergence is defmed as the appearance
of plant life in the form of shoots or rools from the germinated seed. Emergence data will be
presented as a percentage of the total germinated seeds per pol, by replicate, and by culture
media (treatment) and by the time required for mesocotyl emergeilce expressed as the median
time to emergence for a given pot within each replicate (MME). MME will represent the time
for 50% of the seeds in each pot to demonstrate mesocolyl emergence.

8.9.3. Survival

Survival will only apply to seeds with emerged plant tissue. Mortality will be defined as
loss of living emerged planttissue. Survival data will be presented as a percentage of the total
seeds with emerged plant tissue per pol, by replicate, and by culture media (treatment).

8.9.4. Root and Shoot Weight and Length

Seminal root and shool (mesocotyl, coleoplite and primary leaf) weight (mg) and length
(mcsocotyl, coleoptile, and primary leaf) will be measured (mm). All weights will bc expressed
as dry weight to Ihe nearest mg by drying the appropriate piant tissue at 105°C overnight.
Length will be measured by digitizing a digital photograph of the root and shoot to the nearest
tiun using commercial softwarc (Sigma Scan, SPSS, Chicago, IL) which a:Ilowsforn\easurement
of shoot and root cUlVatures to generate linear length.

8.9.5. Free LeafhlontaSs (floeeleaf phase)

Free leaf number and biomass (mg) will be determined by carefully separating the shoot
from the leaf tissue to the nearest mg. Free leaves include the sccond leaf and all free leaves that
develop.

8.9.6. Phytotoxicity (free leaf phase)

Signs of phytotoxicity including chlorosis of the leaves, darkening of the plant tissue
(rot), wilting (loss of turgor pressure), and deformity will be recorded and expressed as a percent
of the seeds with emerged plant tissue. This endpoint will be verified by a second analyst.

8.10. Day 0 Test Initiation and Sample Collection
Treatment tanks will be randomly assigned to a position in the.exposure system in order

to account for possible vanations in temperature and light intensity. On study day 0, seeds
selected for study will be randomly placed in each pot such iliat 5 seeds are added to each pot in
accordance with a randomized design chart until each pot contains 30 seeds. Samples of the test
solutions will be collected and analyzed for parameters described in Table 3.
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8.11. Measurements at SD 10

FEL

At Study Day 10, each of the endpoints outlined that are appropriate for the degree of
development will be measured. One randomly selected pot from each replicate of each culture
media will be sacrificed (n~30/replicate or 120Itroabnent). Seeds will be earefullyremovedand
photographed for doeumentation and length measurement. Piant tisslles will be carefully
removed and weighed. Signs of phytotoxicity will be documented in the study journal and
maintained with the raw.data.

8.12. Measurements at Test Termination (SD 21)
At Study Day 21, each of the endpoints outlined that are 'appropriate for the degree of

development will be measured. The remaining pot from each replicate (n=30/replicate or
l20/treatmcnt) of each culture medium will be sacrificed. Seeds and seedlings will be carefully
removed ,ahdphotographed for documentation and length measurement. Plant tissues will be
carefully removed and weighed. Subsequently, since leaf material sbould be present, leaf tissue
will be carefully removed from the shoot for analysis of leaf biomass. Signs of phytotoxicity
will be documented in the study joumal and maintained with the taw.data. Samples of the test
solutions w'ill be collected and analyzed for parameters described in Table 5. Sulfate
concentrations will be measured in all replicates on Study Days 0, 10, and 21.

1l.1~. Data Analysis and Statistics
All data from in-life portions of the study will be tabulated in spreadsheets. The

experimental unit for the present study will be the replicate. The statistical tests that will be
uscct'to compare the culture media to the sulfate, B positive control, and the dissolved solids
controls will vary between the measurement endpoints. For determination of concentration-
based endpoinis (NOEC and LOEC numerical endpoints), data that arc expressed as a percent
or proportion :willbe transformed using the arcsine square root prior to further analysis. For
discrete endpoints (survival and phytotoxicity), it is expected that comparisons will be made
using Fisher's Exact test or the equivalent depending on the adequacy of the data sets. For
continuous endpoints (weight and length), it is expected that the comparisons between the
treatments will be performed using the Wilcoxon Rank Sum (WRS) Test ,if the data are non-
normal and performed using t-statistics if the data arc normally distributed. Other statistical
tests that may be appropriaie inolude one"way analysis of varianee (ANOVA)or an ANOVA
on ranks. Post hoc lests may also be used such as Dulllleu's test or Bonferroni t-test for
parametric sets, or Dunn"s test for non-parametric tests. For determination of point estimates
(LC50, EC or IC50), trimmed Spearman Karber (LC and EC50), or bootstrap or the
equivalent (IC50) will used. Concentration-response eurves will be compared statistically to
the conductive solids ,controls to determine, using probit~paranelism iests, ,if warranted.
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Tnblc 1. Modl~ lloatfand'lI Solutkm -US-.J with 1:4AmmoniD:Nhratc

Mt'CIltI HS-I
Prfmnry ..lngredlmt (1:4)

mLSlodUL
J MNH<&H2PO~ 0.12
1M NII,ND. 0.70
1MKNCl. 1.10

1M CornCl." 0.75
1M ~i-DSO~ 0.'0- - - - . -

Mkronutrff'nla (Sto,..kB) :1
2.860 HDO

1.810 MnC12-4 H2O
0.220 7..nSO~. 7 H2O

1.000.080 II!: CUS04 5 H2O
0.024 l:lNB2MoO •• 2H20

14.521" FeCI)
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Table 1. Prepnmtlon ofSulfatl' Concmtmtlons using Monovalmt and Divalent Sahs

FEL

1:2:Rflllo of Monovalent to 'Divalent Selb
me.,R ulmS for SOt Conttntradon In 1 L HS-1 Hardncss( CaCOJ)

Conoenlrtltion NlUSO. IUSO. CaSQt MgSOt Ca tlOdMg tiSbMls Co.as lwisSOt (mR'IL)
1 •.. -- --- --- -- --
SO' --- -- -- -- --
250 123.3 151.3 74.8 52.3 86.8 43.S
1000 492.9 604.7 298.7 208.8 347.3 173.7
2500 1232.2 1511.8 746.8 522.1 868.3 434.2
SOOO 2464.4 3023.5 1493.6 1044.2 1736.6 868.3

Masttr( orL) mM
NIUSO. 49;3 17.4

K2S0t 60.5 17.4
CnSOt 29." 8.7
MII:SO. 20.9 8.7
HS.I 20.0

TabkJ. Preparation of Conduct hie Solids COIitrois using C1doride (Non-Sulfate) Salts

.Low Sulfate (Chloride) Snit ••
R ulred for so. Cont'rntmtioo In I L HSoI Hardnns ( caCOJ)

EstimD.led
Cnllnd Mg8S

~~UCliV~~
Nnel KCI CnCh MgCIJ Co. lis basis

mhos/em bllSI~

770 20.7 25.8 12,8 8." --- ---
1890 104.8 128.6 63.6 44.5 73.8 37.0
2830 365.4 514.0 2.53.9 177..5 29.5.2 147.6
4100 1047,4 128.5.0 634.8 443.8 738.1 369.1
8350 2094.7 2570.0 1269.6 887.6 1476.1 738.1

Master ( or,L). mM
NoCI 41.9 35.8

KCI .51,4 34.5
CaCh' 25.4 8.0
M Cb 17.8 4.4
HS.1 20.0

I 5,000 mgIL sulfnte (nominal). Arholilit (mL) of stock reqUired to prepare 10 L of: 5000(10 L), 2500(5 L), 1000(2 L), ond 250 (0,5 L) 20 L required.
Z Prqm-ed ItS modified HS-] medium (sec Bttachment)
'H5ol (1:4) medium .
• 103.2 meq!L(nomill!ll) AmO\b1:(mL)ofstocl.:~uiTedtoprepare 10Lof: 103.2(10 L). 5J.1(5L). 19.8 (2L),250(0.SL). II.I1d0.8 (0.1 L), 20L~uired,
, BAsed on CllpCriinentillly-dcrived condueti\il}' conversion faetofofO.85 to convert from sulfate to chloride salts,
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Table 4. ModIRe<i JlS~1 with 1:4 Ammonla:Nltraie 10 mgtL Sulfate (nominal)

Media JlS-1 MedIaHS-1 I

Primary Ingredient (1:4) (1:4) I
; f!!I-\ mL Stack/I. I

IMNH.H2PO. 115.00 0.12
1MNH,NO, 80.00 .0.70
I MKNO, 101.10 1.10

I M ClIINO,), 164.10 0:75
0.26 M MllSO, 31.10 0.40
0.74MMoCI, 151.00 0.54

.Mlcronutrients (Stock B) I
I

:2;860 • H,BO,
1.81O.•;MnCI,' 4 H20
0.220-.-ZnSO.' 7.H20

1.00 ..
0.080-:.-euso, • 5 H20
0.024 .• N.iMoO, • 2H20

14.527,0 FeCI,
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Table 5.E.perimental Conditions for Hydroponic Study Definitive Phase

FEL

Test Substance Sulfate (2:1 mixed rnonovalent:divalent salts
Test System (species) Zizania palustris.(wild rice)
Initial Stalle Seed

Exposure Period ]0- d (mesocotyl emergence phase in dark) aneJ.21-<1 (free' leaf
ohaso)

Selection Criteria Seed uniformity. visual Quality, and activation
Exposure'Svstem Static~renewal in controlled environmen'tal chambers
Exoosure Route Water fhvdrooonics)
Exeharuze freauencv Dailv. 0.7 volumes/daY'
Water Source Deionized water
Media HS-l with 1:4 amrnonia:nitrate
Seed Densitv 30 seedsfl L oot (240 seeds ocr treatment or control)
Test Vessel 1L pots equipped with mesh bottom supports for seeds

4 replicates with each replicate -containing two (2) I L pots. In

Replication summary, there will be 60 seeds!replica'te and 240 seedsltreatment
at SD 0: Thirty seeds or seedlings/replicate (110 seeds/seedlings
treatment) will be evaluated on SD 10 and test termination.

Vessel Placement Random

Positive Control Boric Acid (100 mg BIL) and 0.8, 4.2, 19.8,51.1, and 103.2 me<jIL
conductivitY control series

Test Performance Criteria (control) See Table 7

Daily Activation. mesocotyl emergence, 'and visual inspection of
developmenti~me~ence and normalcy of develoPment)
Activation. mesocotyl emergence (%, time to emergence [TTE]
expressed as a median [MTE] if possible), shoot (mesocotyl,

SD 10 coleoptile, and primary leaO/seminal root length and weight

Test Endpoints (mesocotyl, coleoptile, and primary leaf)/seminal root and rootlets,
and siMS of phytotoxicity
Activation, mesocotyl emergence (%, time to emergence [TIE]
expressed as a median [MTE] if possible), shoot (mesocotyl,

Conclusion coleoptile, and primary leaf)/seminal root length and weight
(mesocotyl, coleoptile. and primary leaf)/seminal root and rootlets,
second and free lcafbiomass and silUlSofohvtotoxicitv

NutrientJ1.ficronutrients HS-l (Malvick and Percich. 1993) modified with 1:4
Feeding ammonia:nitrate

Freauencv Dailv, 0.7 volumes renewed

Lighting Photoperiod Dark throul!h SD 10, ,hcl\ 16 h lil!ht : 8 h dart<
1ntensitv foost SD 10) 5,000.t: 1,'000 lux (measured dailv at water surface)

Temperature In all replicate~ daily, 21.x 2'C(day), and nightly, IH 2'1:
I fnil!ht)

pH. ORP, DO. conductivity 3x per week in one replicate ih rotatio~ to include SD 0 and
conclusion

Alkalinity, hardness, ammonia, nitrate, phosphate Initiation and conclusion of stUdy in two replicates (A and B at
'initiation'aild C'and.D at conclusion).

Sulfate Study Dav 0 10, and 21 in all replicates of control and treatments
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Table 6. Observation Too. Points for Primary Endpoints

,- ApicnllMo)etul~~lBiochemlcal'--- 1
I

. Endpoints: T SD.10 SD:1frree~:'1, Emergence Unf PIIlJ.. Ii ._- ..._.- Dailv -- -Phase
Swvival 0

'Germination 0

Emergence 0

Shoot .weiaht and IMath 0 0

Roo" weioht ilnii Jeruith o' 0

LeafbiomliSs 0

Phvtntoxic"itv 0 0

FEL

IIncliJdes I1)esoCotyi, coleoptile. and primary leaf measured coinbined for weight and individually by SthiCtUre for
length_
:lSeminal fO:Otsailcl ~botlet!ffor weight anq. seminal root fo~length.
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8.14. Performance. Criteria and Test Validity
Oeneral test penormance criteria are provided in Table 6. Criteria

Table 7. General Test Perfonnance Criteria

i
Acceptable Limits

Criterion .. ..._.
'Contr~l activation' 95%

Control mesocotyl emergence '>30010
Control survival >90010

Positive control (BA) 2:80010
ohvtotoxicity

pH 6'7.5 in lill replicates of
control and treatments

21':t 2'C (day), and nightly.

Water temperature 12:t 2'C (night) in all
replicates of control and

treatments
Inter-replicate CV :520%for

Sulfate concentration
control and treatroents for
individual measurement set
(StudYDay 0, 10, and 21)

9. SAMPLE HANDLING ANDCUSTODY

FEL

All samples generated during the course of ti,is study will be handled in accordance witll
facility SOPs (6). Samples generated will be eillered into a sample cheek.in logbook and
assigned a unique sample tracking number io FEL. FEL sample numbers consist of the client
number (ENVJ(H), the study number (00325), and the sample identifier (OOXXX)(7). Each
sample will also be properly labeled with its assigned sample tracking number. Samples, when
not in use, will be 'properJy preserved and stored, "based on sample matrix.

10. REPORTING
.FEL will provide progress reports to the Study Monitor throughout the study, as specified

by the Sponsor. Ai the conClusion of the Study, a Final Report will be prepared as described
below and will be provided to the Sponsor. The report will include the following:

• Executive 'Summary
• Test Article:

• Test article
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• Chemical data
• Test System:

• Organi!,im
• Test conditions:

• Test method
• Operational parameter records
• Analytical methods
• Statistical techniques artdjustification oftechniques used
• Deviations from the test method

• Results:
• Biological observations and data
• Anal,ytical results
• Ad hoc observations

• Discussion of results
• Conclusions

FEL

Appendices containing raw data and statistical results will be included in the fmal report.
The Final Study Report will be sent to, the Sponsor after all comments on the draft report have
been addressedartd approved.

11. STUDY AMENDMENTS AND DEVIATIONS
Permanent changes to the final Study Protocol will require written amendments be

prepared and submitted to the QAU Manager and Study Sponsor for approval. Any amendments
will be reviewed to determine the potential impact on the study. If accepted, the amendment will
be a1taehed to the Study Protocol and become an active component of the study. Any deviations
from the protocol (temporary changes due to unforeseen problems) will be recorded in the study
records, dated, and initialed by the Study Director. Deviations will also be addressed in detail in
the Final Study Report.

12. RECORD MAINTENANCE AND ARCHN AL
FEL will retain facility-related records (personnel training, equipment calibration and

maintena,nce, storage temperature records, etc.) (8). No records will be disposed of without the
authorization of the Sponsor. The records will be organized and inClude an index.

Raw data, derived data, QA reports, study guidance documents, correspondence, and
draft and final 'reports will be electronically maintained at the FEL facility in accordance with
facility SOPs (9,10) until study finalization. Printed copies of the original study materials and
report will be kept in designated file cabinets located in a secured file .room at FEL. After final
approval of all reports and the study has been officially concluded, all electronic files wilrbc
transferred to compact discs (CDs). All original CDs and original printed files associaied with
the study will be shipped to ENVIRON International Corporation 'and 'archived.
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13. SPECIMENS ARCHlY AL

FEL

Following study finalization, disposition of the study specimens will be delennined by
the Sponsor and FEL in consideration of potential future use (9). We anticipate that the tissues
derived from the present study will be--consumed, thus not requiring archiving.

14. TEST SUBSTANCE WASTE DISPOSAL
Disposal of waste material generated by the study will be perfonned in accordance with

those requirem'ents providedjrt the facility SOPs (11).

15. QUALITY ASSURANCE uNIT (QAU)
The QAU is established as an objective, independent monitor of the work perfonned at

FEL. The QAU will review data summaries prior to inclusion into the final report as part of the.
fmal report audit. Outside facilities providing support of the study will be responsible for
auditing their data and reports through their QAU. The specific responsibilities for QA
representatives from FEL include but are not limited 10:

• Interact withlhe Study Director to ensure that personnel understand QA and Quality
control (QC) procedures,

• Conduct technical systems and data quality audits to evaluate the implementation of the
study protocol and applicable facility SOPs. Prepare and distribute reports of the audits
to management,

• Consult with the Study Director on actions required to correct deficiencies noted' during
the conduct of the in-life portion of the study,

• Ensure that all staff participating in the in-life portion of the study are adequately trained,
• Maintain complete facility and study.specific QA records related to the in-life portion of

the stud,Y, and review data reports and respective audits from support facilities.

The draft and final reports will be reviewed for protocol compliance, as well as to assure
that the meihods and standard operating procedures used were followed. A signed statement will
be included in the report specifying types ofifispections made, the dates inspections were made,
and the dates inspections were reported to the Study Director and management.
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9. SOP 4.11, Maintenance of Study Archives, Fort Environmental Laboratories, 2001.

10. SOP .12.1, ArchivingofTest Specimens, Fort Environmental Laboratories, 2003.

n. SOP 6.2, Wasie Collection, Storage, and Disposal, Fort Environmental Laboratories,. 2001.

Page 77 of 173



ENVIOI-00325

FEL Protocol No.lStudy No. ENVIOl-2!ENVlOI-«l325
September 20.1 3
220[23

ATTACHMENTS

(HS-I Medi. Recipes and Motphologyof. developing wild rice seedling)

Reclpe for HS-l with 1:4NH~:'NO,

'elL for. 1 M Solutions
NIL,H,PO, 115,0
KNO, 10I.1

Ca,(NO,h 236,2
NIL,NO, 80.0
M~SO, 120.4

Amount Needed
(i:> for 1 L StoCk

B
iStock B Ingredient HS-l

H,BO, 0.556

MnCI,' 4H,O 9.163
Zrt80, , 1H,o 0,219
CuSO,.5H,O 0.077
N.,MoO, . 2H,O 0.121

FecI, 20417

mLiLNutrient Media

Ingredient
NH,:NO, Ratio IHS-l Base)

1:4
I M NIL,H,PO, 0.12
I'M'NIL,NO, 0.70
I MKNO, 1.10

1M Ca(NO,h 0.75
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fEL'l'roioool J'i o.lStuily N,o.ENVio i,iiEN\fIOl,()03is
September'2013. .
Z30fZ3

Mo,ph61ogyofWild Rice Sj,edIing,

seconal Sf . "
., , ,(AIIltCOflplEte IeIl!)

.L:~i:t8'~1e6il
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DOCUMENT AMENDMENT FORM
Fort Environmental laboratories

FEL

FEL

Definitive Hydroponlcs-Basild Su~ate Toxlclly to Wild Rice (Zizan/s

, Amendment Number: 1

SubmlUed B . Dou las J. Fort

Amendment Relating To:ENVI01-oo:l25

Dooument 10 Number: ENV101-2

Dete: 9/6I201:i

[ X) Protocol [ ) Study Plan ) QAPP [ ) QAMP [ ) SOP

Original Speclflcatlone:

Page 8, 8.5.1 Water (Culture) Quailly Analyses

•.. In addnion to the other parameters, total hardnass, tottll alkallnlly, total residual oxidants, ammonia-
nnrogen, sulfate, and phosphate will be measured In the test solutions In two replicates of each treatment
at the Innlation (A and B) and the othar two replicates (C and 0) at the conclusion (study dey 21) of the In-
me phase.

Page 16, Table 5 Sulfate

Planned Change:

Sulfate analysas will be performed In two replicates (A and B at Innlatlon, C and 0 at SO 10, and A and B
at study conclusion (SO 21). Nitrate analysis will be performed as directed in Tabla 5.

Raason for Change:

Need for conslstancy between analyses specified In Table 5 and Section 8.5.1.

Approval:

Study Director.

Sponsor.

QAU Manager.

Page 80 of173

Data:

Data:

Data:

-



ENVI01-00325

DOCUMENT AMENDMENT FORM
,Fort Envlronmental laboratories

FEL

FEL

Docun:nt or Study TItle: Definitive Hydroponlcs-Sased Sulfete Toxicity to Wild Rice (Zizania
, ~fustrls

Amendment Number: 2 I Document'IDNumber: ENV101-2

Subm1tled S": ,Dou"lasJ.Fort I Date: 1.1114";013.. ..•... .-'

Amendment ReIatlng To: ENVIOH)0325

[ X) Protocol [ J Study Plan [ ) QAPP [ ) QAMP [ ) SOP

r 1 Olher 'describe':

Orlglna' SpecR/catlons:

Page I, TItIe'(and throughout document)

Definitive Hydroponics-Based SuUate Toxicity to WDdRica (ZizBnfa pafustrls)

Page 1, Sponsor (and throughout document)

ENVIRON International Corporation
201 Summ~ Vlaw Drive, SuUe 300
Brantwood, TN 37027

Plannsd Change:

Page 1, Title (and throughout document)

De1ln~lve Hydroponics-Based Wild Rice (Zizanfa pafustrts) SuUate TolClcUyTosting

Page 1, Sponsor (and throughout document)

Minnesota Chamber of Commerca
400 Robert SllBOt N.
SI. Paul MN 55101

Reason for Change:

Change requested by Sponsor representallve.

Approva':

Study DlraciOr.

Sponsor:

QAU Manager:

Date:

Date:

Date:
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Seed Infonnation
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Statistical Analyses
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Descriptive Statistics:

Data source: SO 10 Emergence in .00325":50 10"':101613

Column Size Missin. Mean Std Dev ,Std. Error C.I.ofMesn
HS-l 4 0 OA91 0.079 0.040 0.1.26
100 mg B/L 4 0 0.225 0.057 0.028 0.090
10 mg/LS04 4 0 0.550 0.225 0.11.3 0.358
250 mg/LS04 4 0 0.61.7 0.157 0.079 0.250
1000.mg/L S04 4 0 0.625 0.142 0.071. 0.226
2500.mg/L S04 4 0 0.675 0.157 0.079 0.250
5000 mg/L S04 4 0 0.708 0.1.26 0.063 0.200
0.8 meq/L 4 0 0.358 0.075 0.037 0.U9
4.2 meq/L 4 0 0.300 0.090 0.045 0.143
19;8 rneq/L 4 0 0.31.7 0.084 0.042 0.133
5U rneq/L 4 0 OA83 0.208 0.104 0.331
103.2 meq/L 4 0 0.300 0.047 0.024 0.075

Column Ranle Max Min Median 2S% 75%
HS-l 0.167 0.600 OA33 OA67 .0.433 0.550
100 mg B/L 0.133 0.300 0.167 0.21.7 0.184 .0.267
10 mg/LS04 0.533 0.800 0.267 0.567 0.384 0.71.7
250 mg/LS04 0.333 0.833 0.500 0.567 0.500 0.733
1000 mg/L S04 0.333 0.800 OA67 0.617 0.51.7 0.734
2500 mg/L S04 0.333 0.900 0.567 0.61.7 0.567 0.784
5000 mg/L S04 0.300 0.833 0.533 0.733 0.633 0.783
0.8 meq/L 0.167 OA67 0.300 0.332 0.315 0.400
4.2 meq/L 0.200 OA33 0.233 0,267 0.250 0.350
19;8 meq/L 0.200 DAOO 0.200 0.333 0.267 0.367
5U rneq/L 0.467 0.700 0.233 0.500 0.317 0.650
103.2 meq/L 0.100 0.367 0.267 0.283 0.267 0.334

Column Skewness Kurtosis K-S Dist. K-SProb. SWllkW SWllkProb
HS-l 1..190 0.416 0.271. 0.341 0.848 0.221
100 rna B/L 0.770 0.385 0.194 0.651 0.970 0.842
10 mg/LS04 .().3B6 -0.025 0.162 0.708 0.993 0.971.
250 mg/LS04 1.196 OA46 0.270 0.342 0.848 0 ..220
1000 mg/L S04 0.289 -0.689 0.159 0.709 0.993 0.970
2500 mg/L S04 1.516 1.976 0.271 0.340 0.814 0.130
5000 mg/L'S04 -1.129 2.227 0.329 0.138 0.895 0.406
0.8 meq/L 1.753 3.336 0.379 0.046 0.798 0.099
4.2 meq/L 1;804 3A63 0.393 0.031 0.776 0.065
19.8 rneq/L -U20 2.215 0.328 0.140 0.896 OA11
51.1 meq/L .().330 -2.234 0.212 0.590 0.964 0.804
103.2 rneq/L 1.425 1.550 0.260 0.389 0.826 0.158

.Column Sum Sum of Squares
HS-l 1,966 0.9.85
100 mg B/L 0.900 0.212
10 mg/LS04 2.200 1.362
250 mg/LS04 2.466 1.595
1000 mg/L S04 2.501 1.624
2500 mg/L S04 2.701 1.898
5000 mg/L'S04 2.832 2.053
0.8 meq/L 1.430 0.528
4.2 meq/L 1.200 0.384
19~8meq/l 1.266 0.422
5U rneq/L 1.933 1.064
103.2 meq/L 1.201 0.367
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One Way Analysis of Variance

Data source: SO10 Emergence in 00325_50 10~101613

Normality Test IShapiro.WiI~) Passed (P 0.424)

Equal Variance Test: Passed (P 0.301)

Group Name N .MIssing Mean Std Dev 'SEM
asinsqrt(col(l)) 4 0 0.777 0.079 0.0397
asinsqrt(col(2)) 4 0 0.492 0.068 0.0337
asinsqrt(col(3)) 4 0 0.839 0.237 0.1190
asinsqrt(col(4)j -4 0 0.910 0.172 0.0860
asinsqrt(col(5)) 4 0 0.917 0.152 0.0758
asinsqrt(col(6)) .4 0 0.977 0.187 0.0937
asinsqrt(col(7)) 4 0 1.006 0.138 Cl.0688
asinsqrt(col(8)) 4 0 0.640 0.077 0.0384
asinsqrt(col(9)) 4 0 0.577 0.096 0.0480
asinsqrt(col(lO)) 4 0 0.595 0.093 0.0466
asinsqrt(col(l1)) 4 0 0.766 0.216 0.1080
asinsqrt(co/(12)) 4 0 0.579 0.051 0.0254

Source of Variation OF 55 MS F P
Between Groups 11 1.365 0.124 6.028 <0.001
Residual 36 0.741 0.b206
Total 47 2.106

The dlff.erences in the mean values among the treatment groups are greater than Would be
expected by chance; there is a statistically significant difference (P <0.001).

Power of performed test with alpha 0.050:.0.999

Multiple Comparisons versus Control Group (Bonferroni t-test):

P<O.OSO
No

Do Not.Test
Do NotTest
Do NotTest
Do NotTest
Do Not Test
Do NotTest
De NotTest
Do NotTest
Do NotTes!
Do Not Test

P
0.088
0.332
0.614
0.621
'0.648
0.888
1
1
1
1
1

t
2.809
2.257
1.977
1.971
1.95
1.797
1.38
1.352
1.313
0.61
Cl.104
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Dlff of Mean's
0.285
0.229
0.201
Cl.2
0.198
0.1'82
0.14
0.137
0.133
0,0619
0.0105

Comparisons for factor:
COmparison
asinsqrt(col vs. asinsqrt(col
asinsqrt(col vs. asinsqrt(col
asinsqrt(col vs. asinsqrt(col
asinsqrt(col vs. asinsqrt(col
asinsqrt(col vs. asinsqrt(col
asinsqrt(col vs. asinsqrt(col
asinsqrt(col vs. asinsqrt(col
a'sinsqrt(col vs. asinsqrt(col
asinsqrt(col its. asinsqrt(cOi
asinsqrt(col vs. asinsqrt(col
asinsqrt(col vs. asinsqrt(col

= 

= 

= 

= 
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Desaiptlve 'Statistics:

Data" Source: Secondary Leaf Biomass In00325_50 1o_10162013

Column Size MissinS Mean 5td Dev Std. Error Col. of Mean
HS-1 4 0 0.0023 0.000235 0.000118 0.000374
100 me B/L 4 0 0.000871 0.000146 0.0000728 0.000232
10 ms/LSCl4 4 0 0.00242 0.000725 0.000362 0.00115
250 ms/L 504 4 0 0.002.32 0.000479 0.00024 0.000762
1000 maiL S04 4 0 0.00228 0.000338 0.000169 0.000538
2500 malL'504 4 0 0.00213 0.000427 0.000214 .0.00068
5000 maiL 504 4 0 0.0014 0.000169 0.0000847 0.00027
0.8 meq/L 4 '0 0.00244 0.000659 0.00033 0.00105 .
.4.2 meq/L <I 0 0.00218 0.000793 0.000396 0.00126
19.8 meq/L 4 0 0.00195 0.000565 0.000282 0.000898
51.1 meq/L 4 0 0.0019 0.000135 0.0000676 0.000215
103.2.meq/L 4 '0 0.00138 0.00012 '0.0000599 0.000191

Column Range Max Min Medan 25% 75%
H5-1 0.00052 0.0025 0.00198 0.00236 0.00212 0.00248
ioo meB/L 0.0003 0.001 0.0007 0.000892 0.00075 0.000992
10 ms/L504 0.00174 0.00331 0.00157 0.00239 0.0019 0..00294
250 ms/L 504 0.00109 0.00301 0.00191 0.00219 0.00201 '0.00264
1000 ms/L 504 0.000759 0.00267 0.00191 0.00227 0.00201 0.00255
.2500 "'s/L 504 0.00103 0.00268 0.00165 0.00209 0.00183 0.00242
5000 ms/L 504 0.0004 0.0016 0.00121 0.00139 0.00127 0.00153
0.8 i'neqjl 0.00157 0.0031 0.00153 .0.00256 0.00203 0.00285
4.2 meq/L 0:0019 0.00299 0.00109 0.00233 0.00168 0.00269
19.8 meq/L 0.00126 0.00254 0.00128 0.002 0.0015 0.00241
51.1 meq/L 0.000294 0.0021 0.00181 0.00185 0.00182 0.00198
103.2 meq/L 0.000269 0.00154 0.00128 0.00135 0.00129 0.00147

.Column Skewness Kurtosis K.S Dist. K-5 Prob. ~lIkW 5Wllk Prob
H5-1 -1.076 0.132 0.239 0.479 0.906 OA63
100 meB/L -0.381 -3.726 0.28 0.301 0.882 0.345
10 ms/L504 0,178 0.53 0.173 0.696 0.996 0.986
250 ms/L 504 1.446 2.28 0.291 0.259 0.887 0.368
1000 maiL 504 0.0763 -2.516 0.194 0.65 0.97 0.84
2500 ms/L 504 0.491 0.927 0.208 0.607 0.984 0.924
5000 maiL S04 0.204 -0.403 0.141 0.705 0.997 0.99
0.8 meq/L -1.064 2.099 0.304 0.212 0.918 0.525
4.2meq/L -1.028 2.002 0.292 0.255 0.928 0.58
19.8 meq/L -0.325 -2.414 0.217 0.571 0.96 0.776
51 ..1meq/l 1.875' 3.635 0.392 0.031 0.757 0.045
103 ..2meq/L 1.182 0.861 0.222 0.551 0.912 OA93

Column SUm Sum ~fSquares
H5-1 0.0092 2.13E-05
100 meB/L 0.00348 3.1E-06
10 "'s/L504 0.00967 0.000025
:250 ms/L 504 0.00929 2.23E-05
1000 maiL 504 0.00912 2.12E-05
2500 maiL 504 0.0085 1.86E-05
5000 malLS04 0.00559 7.91E-06'
0.8 meq/L 0.00974 0.000025
4.2 meq/L 0.00873 2.09E-05
19.8 meq/L 0.00781 1.62E-05
51.1 meq/L 0.0076 l.45E-05
103.2 meqjL 0.00552 7.65E-06
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One Way Analysis of Variance

Datli source: Seconaary Leaf Biomass in 00325_S0 10_10162013

Normality Test IShaplro-Wllk) Passed (P" 0.089)

Equal Variance Test: Passed (P=0.281)

Group' Name N Missing Mean Std Oev SEM
HS-1 4 0 0.0023 0.000235 O.OOOl1B
100 mg B/L 4 0 0.000871 0.000146 0.0000728
lOmg/LS04 4 0 0.00242 0.000725 0.000362
250mg/LS04 4 0 0.00232 0.000479 0.00024
1000 mg/LS04 4 0 0.00i28 0.000338 0.000169
2500 mg/L S04 4 0 0.00213 0.000427 0.000214
5000 mg/L S04 4 0 0.0014 0.000169 0.0000847
0.8 meq/L 4 .0 0.00244 0.000659 0.00033
4.2 meq/L 4 0 0.00218 0.000793 0.000396
19.8 meq/L 4 0 0.00195 0.000565 0.000l82
51.1 meq/L 4 0 0.0019 0.000135 0.0000676
103.2 rneq/L 4 0 0.00138 0.00012 0.0000599

Source of Variation OF SS MS F P
Between Groups 11 O.OOoolDB 0.000000984 4.592 <0.001
Residual 36 0.00000771 0.000000214
Total 47 0.0000185

The differences in the mean values among the treatment groups are greater than would be
expected by thance; there is a statistically significant difference (P <0.001).

Power of performed test with alpha.= 0.050: 0.984

Multiple Comparisons versus Control Group (Bonferroni t-test):

Compatisons for factor:
Comparison
HS-1 Vs.100 mg B/L
HS-1 vs. '103.2 meq/L
HS'l vs. SOOOmg/L sb4
HS~lvs. 5U. meq/L
HS-1 vs. 19.B meq/L
HS-1 vs. 2500 mg/L S04
HS'l vs, 0.8 meq/L
HS-1 vs,10 rng/L S04
HS-1vs. 4.2 meq/L
HS-1vs. 250 mg/LS04
HS-1 vs. 10Dd mg/L sb4

Oiff of Meahs
0.00143
0.00092
0.000001
'0.0004
0.000346
0.000174
0.000136
0.000119
0.000116
0.0000239
0.0000183

t

4.364
2.811
2.153
1.222
1.058
0.532
0.417
0.362
0.355
0.0731
0.0559
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P
0.001
0.087
0.101

'1
1
1
1
1
'1
1
1

P<O,050
Yes
No

De NotTest
De Not Test
De Not Test
De NotTest
De Not Test
De Not Test
De NotTest
De Not Test
De NotTest
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Descriptive, Statistics:

Data source: Free leaf Number in 00325_50 1o_10162013

Column Size MissinS Mean Std !lev Std. Error C.l; of Mean
HS-l .4 0 0.892 0.125 0.063 0.199
100 mg B/L 4 0 OA81 0.371 0.186 0.591
10 mg/L.504 4 0 0.930 .0.060 0.030 0.096
250 mg/L504 4 0 0.617 0.157 0.079 0.250
1000 mg/L.504 4 0 0:932 0.049 0.025 0.079
2500 mg/LS04 .4 0 0:988 .0.025 0.013 0.040
5000 mg/L S04 4 0 0.859 0.089 0.044 0.141
0.8 meq.tL 4 0 0.933 '0.078 0.039 0.124
4.2 meq/L 4 0 0.300 0.090 0,045 0.143
19.8 meq/L 4 0 0.887 0.037 0.019 0.059
51:1 meq/L ,4 0 0.873 0.093. 0.046 0.147
103.2 meq/L 4 0 0.977 0.046 0.023 o.on

Column Rance Max Min Median 25% 75%
HS-l 0.231 1.000 0.769 0.900 0.785 1.000
100 mg B/L 0.857 0.857 0.000 0.533 0.200 0.762
10 mgfL$04 0.133 1.000 0.867 0.927 0.881 0.979
250 mg/LS04 0.333 0.833 0.500 0.567 0.500 0.733
1000 mg/L S04 0.118 1.000 0.882 0.923 D.900 0.984
2500 mg/L 504 0.050 1.000 0.950 1.000 0.975 1.000
5000 mg/L S04. 0.195 0.955 0.760 0.861 0.786 0.932
0.8 meq/L 0.143 1.000 0.857 0.938 0.866 1.000
4.2 meq.tL 0.200 OA33 0.233 0.267 0.250 0.350
19:8 meq/L 0,083 0.917 0.833 0.900 0.867 0.908
51.1 meq/l 0.222 1.000 0.778 0.857 0.817 0.929
103.2 meq/L 0.091 1.000 0.909 1.000 0.955 1.000

Column Skl!wness Kurtosis K-S Dist. K-S Prob. SWllkW SWllkProb
H5-1 -0.0522 -5.6990 0.3060 0.2070 0.7860 0.0790
100 mg B/L -0.6780 -<l.4060 0.1910 0.6580 0.9690 0.8380
10 mg/L S04 0.2110 -2.9290 0.2200 0.5610 0.9530 0.7380
250 mgfLS04 1.1960 0.4460 0.2700 0.3420 0.8480 0.2200
1000 mg/L S04 1.0510 1.8810 0.2770 0.3150 0.9350 0.6260
2500 mg/L S04 -2.0000 4.0000 0A410 0.0060 0.6300 0.0010
5000 mg/L 504 -0.0720 -3.2470 0.2140 0.5850 0.9500 0.7190
0.8 meq/L -0.0456 -5.7370 0.3060 0.2060 0.7820 0.0740
4.2meq/L 1.8040 3.4630 0.3930 0.0310 0.7760 0.0650
19.8 meq/L -1.7200 3.2650 0.3820 0.0410 0.8010 0.1030
51.1 meq/L 0.9890 2.0540 0.3180 0.1670 0.9080 0.4700
103,2 Ineq/L -2.0000 4.0000 0.4410 0.0060 0.6300 0.0010

Column Sum Sum Of.Squares
H5-1 3.569 3.232
100 mg.B/L 1.924 1.339
10 mg/L:S04 3.no 3.470
250 mg/L 504 2.466 1.595
1000 r'nglLS04 3.n8 3.481
2500 mg/L S04 3.950 3.902
5000 mg/L S04 3.436 2.975
0.8 meq.tL 3.732 3.500
4.2 meq.tL 1.200 0.384
19.8 meq/L 3.550 3:155
.51:1 meq/L 3A92 3.074
103,2 meq/L 3.909 3.826
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ENVI01-00325

One Way Analysis of Variance

Data sourCe: Free Leaf Number In 00325_50 10~10162013

FEL

I
Normality Test (5haplro-Wilkj Failed (P < 0.050)

Test execution ,ended by user request, ANOVAon Ranks, begun

Kruskal-Wallis Offe Way Analysis otvarlance on Ranks

Data source: Free Leaf Number In ba32S_SD 10:..10162013

Group
HS-l,
100 mgB/L
10 mg/LS04
250 mg/LiS04
1000 mg/L S04
2500 mg/L 504
5000 mg/LS04
0.8 m'eq/L
4.2 meq/L
19.8 meq/L
51.1 meq/L
103.2 meq/L

N
4
4
4
4
4
4
4
4
4
4
4
4

Missing
o
o
o
o
o
o
o
o
o
o
o
o

Median
0.900
0.533
0,927
0.567
0.923
1.000
0;861
0.938
,0,267
0.900
0.857
1.000

25%
0.777
0.100
0.874
0.500
0.891
0.962
0.773
0.862
0.242
0.850
0.798
0.932

75%
1.CI00
0.810
0.990
0.783
0.982
1.000
0.943
1.000
0.391
0.913
0.964
1.000 ,'-

H 30.926 with 11 degrees of freedom. (P 0.001)

The differ-ences in the medIan values among the treatme'nt groups ate greater than
would be expected by chance; there Is a statistically significant difference (P 0.001)

To Isolate the group or groups :that differ from the others usea multiple
comparison procedure.

Multiple Com'~arlsons versus Control Group (Dunn's Method) :

Comparison
4.2ineq/L,v,s HS-l
100 ing B/L vs HS,l
250 mg/L S04 vs HS-1
2500 mg/L 504 vs HS-l
103.2 meq/L vs HS-l
5000 mg/L S04 vs HS-l
1000 mg/L S04vs HS-.l
0.8meq/L vs HS-l
51.1 meq/Lvs HS-l
10 m&,L S04 vs HS-l
19.8 meq/L vs HS-1

o iff of Ranks
23:750
18,625
17.500
12.250
11.12S
5.375
.4.625
.4.125
4:000
.3.500
2.375

0.
2399
1.881
1.768
1.237
1.124
0.543'
0.467
,0.417
0.404
0.354
0.240

P<O.05
No
Do NotTes!
Db Not Test
Do NotTest
Do NotTes!
Do Not Test
Do NotTeSt
Do Not Tes!
Do Not Test
bo NotTest
Do Not Test
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ENVIO 1-00325 FEL
Descriptive Statistics:

Oata source: Phytotoxicity in 00325 ....50 1o_101613

Column Size Missln. Mean .Std Dev Std. 'Error C.I.ofMean
HS-l 4 0 0.000 0.000 0.000 0.000
100 mg B/l 4 0 0.710 0.19'8 0.099 0.315
10 mg/lS04 4 0 0.000 0.000 0.000 0.000
250 mg/lS04 4 0 0.000 .0.000 0.000 0.000
1000 mg/l S04 4 0 0.000 0.000 0.000 0.000
2S00 ing/l S04 4 a 0.000 0.000 0.000 0.000
5000 mg/l S04 4 0 0.391 0.083 0.042 0.132
0.8 meq!l 4 0 0.000 0.000 0.000 0.000
,4.2 me'l!l 4 0 0.000 0.000' 0.000 0.000
19.8 meq/l 4 0 0.000 0.000 0.000 0.000
S1;1 meq/l 4 0 0.059 0.042 0.021 0.067
103.2 meq/l 4 0 0.405 '0.190 0.095 0.302

Column Ranse Max Min Median 25% 75%
HS-l 0.000 0.000 0.000 0.000 0.000 0.000
100 mg B/l OA29 1.000 0.571 0.633 0.585 0.834
10 mg/lS04 0.000 0.000 0.000 0.000 0.000 0.000
250 mg/lS04 0.000 0.000 0.000 0.000 0.000 0.000
1000 mg/l S04 0.000 0.000 0.000 0.000 0.000 0.000
2500 mg/l S04 0.000 0.000 0,000 0.000 0.000 0.000
,5000.mg/l S04 0.175 0.455 0.280 OA15 0.328 OA55
0.8 meq!l 0.000 0.000 0.000 0.000 0.000 0.000
4.2 meq!l 0.000 0.000 0.000 0.000 0.000 0.000
19.8 meq/l 0.000 0.000 0.000 0.000 0.000 0.000
51.1 meq/l .0.095 0.095 0.000 0.070 0.028 0.089
103.2 meq/L 0.403 0.625 0.222 0.387 0.248 0.563

Column Skewness Kurtosis K-$ D1st. K-S Prob. SWilkW SWllk Prob
HS-l 0.000 -6.000 0.000 <0.001 0.000 <0.001
100 mg B/l 1.763 3.131 0.335 0.122 0.798 0.098
10 mg/lS04 0.000 -6.000 0.000 <0.001 0.000 <0.001
250 mg/l S04 0.000 -6.000 0.000 <0.001 0.000 <0.001
1000 mg/l S04 0.000 -6.000 0.000 <0.001 0.000 <0.001
2S00 mg/l S04 0.000 -6.000 0.000 <0.001 0.000 <0.001
5000 mg/l S04 -0.999 -0,544 0.278 0.310 0.859 0.257
0.8 meq/l 0.000 -6.000 0.000 <0.001 0.000 <0.001
4.2 meq!l 0.000 -6.000 0.000 <0.001 0.000 <0.001
19.8 meq/l 0.000 '6.000 0.000 <0.001 0.000 <0.001
51;1 meq/l -1.208 0.954 0.226 0.535 0.908 0.473
103.2 meq/L 0;299 .3.662 0,256 0.404 0.914 0.505

Column Sum Sum of Squares
HS-l 0.000 0.000
100 mg B/l 2.838 2.131
10 mg/tS04 0.000 0.000
250 mg/lS04 '0.000 0.000
1000 mg/l S04 0.000 0.000
2500 mg/lS04 0.000 0.000
5000 mg/l S04 1.565 0.633
0.8 meq/l 0.000 0.000
4.2 meq!l 0.000 0.000
19.8 meq/l 0.000 0.000
51.1 meq/l .0.234 0.019
103.2 meq/l 1.620 0.764
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ENVI01-OO325 FEL
One Way Analysis of Variance

Data sour~e: PhytotoxiCitY In,00325_5D 10_101613

Normality Test (Shapiro-Wilk) Failed (P < 0.050)

Equal Variance Test: Failed (P < 0.050)

Group N,ame N Missing Mean Std Dev SEM
aslnsqrt(col(l)) 4 a 0.000 0,000 0.000
aSlnsqrt(coi(2)) .4 a 1.067 0,338 0.169
aslnsqrt(col(3 )) 4 a b.Ooo 0.000 0.000
aslnsqri(col(4)) 4 a 0.000 0,000 0.000
aslnsqrt(col(5)) 4 a O~OOD 0.000 0.000
aslnsqrt(col(6)) 4 0 0.000 0.000 0.000
aslnsqrt(col(7)) 4 a 0.674 0.087 0.043
aSlnsqrt(coi(8)) 4 a 0,000 0.000 0.000
aslnsqrt(,01(9)) 4 a 0.000 0.000 0.000
aslnsqri(col(ld)) 4 a 0,000 0,000 0.000
aslnsqrt(col(l1)) 4 a 0.211 0,144 0.072
aslnsqrt(col(12)) 4 a 0.684 0,198 0.099

Source of Variation OF SS MS F P

Between Groups 11 6.109 0,555 36.638 <0.001
Residual 36 0.545 0.0152
Total 47 6.655

The differences in the mean .values among the treatment groups are greater
than would be expected by chance; there Is a statistically significant
difference (P <0.001),

Power of performed test with alpha 0.050: 1.000

Multiple Comparisons wersus Control Group (Bonfe'rron'l t-test):

Comparisons for factor:
Comparison
aslnsqrt(col vs, aslnsqr't(col
aSlhsqrt(col VS',,aslnsqrt(col
aslnsqrt(col VS.aslnsqrt(col
aslnsqrt(colvs, aslnsqrt(col
aslnsqrt(col vs, ,aslnsqri(col
aslnsqrl(col vs. aslnsqrt(col
aslnsqrt(col vs,aslnsqrt(col
aslnsqrt(col vscaslnsqrt(col
aslnsqrt(col VS, aslnsqrt(col
aslnsqrt(col vs. a'slnsqrt(col
aslnsqrt(col liS.aslnsqrt(col

Diff of Means f
1.067 12.26
0.684 7.861
0.674 7.746
0.2i1 2.425
0.000 0
0,000 a
0,000 a
0.000 a
0.000 a
0,000 a
0.000 a
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P
<0.001
<0.001
<0.001
0.225
1
1
1
1
1
1
1

P<O.050
Yes
Yes
Yes
No

Do Not Test
Do NotTest
Do Not Test
Do Not Test
Do,NotTest
Do NotTest
Do Not Test
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ENVIOI-00325 FEL
Descriptive statistics:

Data'source: SO 10 Shoot Biomass in 00325_50 10

Column Size Missing Mean Std De. Std; Error C.I. of Mean
HS-l 4 0 0.00271 0.00050 0.00025 0.00080
100 mg B/L 4 0 0.00198 0.00023 0.00011 0.00036
10 ms/L 504 4 0 0.00355 0.00113' 0.00057 0.00180
250 ms/L504 4 0 0.00298 0.00147 0.00073 0.00234
1000 rns/L504 4 0 0.00210 0.00022 0.00011 0.00035
2500 ms/L 504 4 0 0.00193 0.00011 0.00005 0.00017
5000 ms/L504 4 0 0.00181 0.00013 0.00007 0.00021
0.8meq/L 4 0 0.00149 0.00020 0.00010 0.00032
4.2 meq/L 4 0 0.00185 0.00023 0.00012 0.00037
19.8 meq/L 4 0 0.00185 0.00023 0.00012 0.00037
51.1 meq/L 4 0 0.00145 0.00051 0.00025 0.00081
103.2 meq/L 4 0 0.00139 0.00016 0.00008 0.00026

Column Range Max Min Median 2S% 75%
H5-1 0.00120 0.00325 0.00205 0.00277 0.00237 0.00305
100 rng B/L 0.00050 0.00216 0.00166 0.00205 0.00182 0.00213
10 ms/L504 0.00265 0.00510 0.00245 0.00331 0.00276 0.00433
250 ms/LS04 0.00318 0.00517 0.00199 0.00239 0.00219 0.00378
1000 ms/L 504 0.00050 0.00239 0.00189 0.00206 0.00193 0:00227
2500 ms/L 504 0.00026 0.00208 0.00183 0.00191 0.00186 0.00200
5000 ms/L 504 0.00029 0.00190 .0.00161 0.00187 0.00174 0.00188
0.8 meq/L 0.00047 0.00178 0.00131 0.00143 0.00136 0.00161
4.2 meqfL 0.00056 0.00214 0.00158 0.00184 0.00168 0.00201
19.8 meq/L 0.00056 0.00214 0.00158 0.00184 0.00168 0.00201
51:1 meq/L 0.00117 0.00190 0.00073 0.00159 0.00114 0.00177
103.2 meq/L 0.00038 0.00156 0.00118 0.00141 0.00127 0.00151

Column Skewness Kurtosis K-SDi.t. K-SProb. 5WllkW SWllkProb
H5-1 -0.706 1.300 0.235 0.497 0.969 0.834
100 mg B/L -1.423 1.703 0.259 0.392 0.868 0.290
10 ms/L504 1.086 1.442 0.247 0.446 0.941 0.660
250 ms/L504 1.900 3.709 OA08 0.020 0.737 0.029
1000 ms/L 504 0.822 -0.258 0.206 0.612 0,954 0.739
2500 ms/L 504 1.197 1.940 0.276 0.318 0.924 0.562
5000 ms/L 504 -1.927 3.780 0.405 0.021 0.728 0.024
0.8 meq/L 1.509 2:756 0.333 0.127 0.866 0.282
4.2 meq/L 0.248 0.617 0.181 0.683 0.994, 0.977
19.8 meq/L 0.248 ,0.617 0.181 0.683 0,994 0.977
,51.1 meq/l -lA62 2.602 0.319 0.165 ,0.879 0.334
103.2 meq/L -0.657 -0.030 0.175 0.693 ,0.977 0.882

Column ,Sum Sum of Squares
H5-1 0.0108 0.0000301
100 mgB/L 0.00791 0.0000158
10 ms/L 504 0.0142 0.0000541
250 ms/L 504 0.0119 0.0000421
1000 ms/L 504 0.00840 0.0000178
2500 rns/L 504 0.00772 0,.0000149
5000 ms/L 504 0.00724 0;0000131
0..8 nieet/L 0.00595 0.00000897
,4.2 meq/L 0.00739 0.0000138
19.8 meq/L 0.00739 0.0000138
51.1 meq/L 0.00581 0.00000922
103.2 rneq/L 0.00557 0.00000785
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ENVIOI-00325

One Way,Analysis of Variance

Data'source:'SO 10Shoot Biomass In 00325-,50 10

FEL

Normality Test (5hapiro-Wllk) Failed (P< 0.050)

Testexecullon ended by user request, ANOVAon Ranks be,gun

Kruskal-Wallis One WaYAnalysis of Variance on Ranks

Data source: SO 10 Shoot Biomass In00325_S0 10'

Group N Missing Median 25% 75%
HS.l 4 0 ,0.00277 0.00221 0.00315
100 mg 8/l 4 0 0.00205 0.00174 0.00215
10mgfLS04 4 0 0.00331 0.00261 0.00471
250 mgflS04 4 0 0.00239 0.00209 0.00447
1000 mgfL S04 4 0 0.00206 0.00191 0.00233
2500 mgfL504 4 0 '0.00191 0.00184 0.00204
5000 mgfLS04 4 0 0.00187 0.00167 0.00189
0.8meq/L 4 0 0.00143 b.o0134 0.00170
4.2 meq/L 4 0 0.00184 0.00163 0.00208
19.8 meq/L 4 0 0.00184 0.00163 0.00208
51.1 meq/L 4 0 0.00159 0.00093 0,00184
103.2 meq/l 4 0 0.00141 0.00123 0.00154

H 36.354 with 11 degrees of freedom. (P <0.001)

The differences in the median values among the treatment.groups are greater than
would be expected by chance; there Is a statistically significant
difference (P <0.001)

To Iscilate the group or groups that differ from the others use a
multiple comparison procedure.

Multiple Comparisons versus Control Group (Dunn's Method):

Comparison
103.2 meq/L vs H5-1
0.8 meq/L vs HS-l
51.1 meq/L vs HS-l
5000 mgfL'S04 vs HS.l
4.2 m'eq/L vs HS-l
i9.8 meq/L vs H5-1
2500 mgfL S04vs HS-l
100 mg B/l vs H5-1
1000mg/LS04 vs HS'l
10 ITigfLS04vs,HS-l
250 mgfL 504 vsH5-1

Diff of Ronks
34.750
33.000
28.250
21.250
19:250
19.250
15.000
12.000
9.000
4.250
1.500

Q
,B1,

3.334
2.854
2.147
1.945
1.945
1.515
1.212
0.909
0.429
0.152
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P<0.05
Yes
Yes
Yes
No

Do NotTest
Do NotTest
Do NotTest
Do NOlTest
Do Not Test
Do Not Test
Do NotTest
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ENVIOI-00325 FEL
Oeseriptlve statistics:

Data source: 50'10 Root Biomass in 00325_5010_10162013

Column Size Missing Mean 5td Dev Std. Error C.l.of Mean
H5-1 4 0 0.0004550 0.0001020 0.0000512 0.0001630
100 mg B/l 4 0 0.0002820 0.0002220 0.0001110 0.0003530
10 mg/l504 4 0 0.0004680 0.0001250 0.0000627 0.0001990
250 mg/l 504 4 0 0.0007130 0.0000982 0.0000491 0.0001560
1000 ,!,g/l504 4 0 0.0004780 0.0000312 0.0000156 0.0000496
2500 mg/l504 4 0 0.0004400 0.0000854 0.0000427 0.0001360
5000 mg/l 504 4 0 0:0004780 0.0000707 0.0000353 0.0001120
0.8 meq/l 4 0 0.0003940 0.0000800 0.0000400 0.0001270
4.2 meq/l 4 0 0.0004030 0.0000625 0.0000312 0.0000994
19.8 me~/l 4 0 0.0003730 0.0000739 0.0000369 0.000118,0
5101meq/l 4 0 0.0004220 0.0001140 0.0000571 0.0001820
103.2 meq/l 4 0 0.0004030 0.0000494 0.0000247 0.0000786

Column Ra~ge M•• Min Median 2S% 75%
H5-1 0.000240 0.000600 0.000360 0.000430 0.000391 0.000519
100 mg B/l 0.000529 0:000589 0.000060 0.000239 0.000144 0.000419
10 !"g/l'504 0.000305 0.000625 0.000320 0.000463 0,000384 0.000552
250 mg/l504 0.000212 0.000807 0.000595 0.000726 0.000633 0.000793
1000 mg/l 504 0.000060 0.000510 0.000450 0.000476 0.000451 0.000505
2500 mg/l S04 0.000194 0.000524 0.000330 0.000454 0.000375 0.000506
5000 mg/l 504 0.000150 0.000556 0.000406 0.000475 0.000419 0.000537
0.8 meq/l 0.000179 0.000489 0.000310 0.000389 0.000330 0.000459
.4.2me~L 0,000152 0.000475 0.000323 0.000407 0.000362 0.000445
19.8 meq/l 0.000167 0.000433 0.000267 0.000395 0.000323 0.000422
5101meq/l 0.000213 0.000528 0.000314 0.000424 0.000324 0.000521
103.2 meq/L 0.000101 0.000464 0.000362 0.000392 0,000363 0.000443

Column Skewness Kurtosis K-5Dis!. K-5Prob. SWllkW SWllkProb
H5-1 1.330 2.424 0.315 0.177 0.895 0.407
100 mg B/l 1.092 2.139 0.307 0.201 0.914 0.506
10 mg/l504 0.216 1.209 0.214 0.584 0.980 0.905
250 mg/l 504 .(J.444 -2.874 0.251 0.426 0.925 0.567
1000 mg/l 504 0.081 -5.450 '0.291 0.258 0.824 0.154
2500 mg/l 504 .(J.728 .(J.748 0.212 0.590 0.956 0.751
5000 mg/l504 0.130 ".053 0.244 OA61 0.918 0.527
0.8,meCl/l 0.256 -2.443 0.210 0.597 0.964 0.804
4.2 meq/l .(J.380 1.326 0,230 0.519 0.974 0.866
19.8 meq/l -1.501 2.311 0.290 0.261 0.873 0.310
51;1 meq/L .(J.012 -5.793 0.289 0.265 0.798 0.099
103.2 meq/L 0.572 -2.797 0.292 0.255 0.861 0.265

Column Sum Sum of Sq~ai'es
H5-1 0.00182 0.000000860
100 mg B/l 0.00113 0.000000465
10 mg/l504 0.00187 0.000000923
250 mg/l 504 0.00285 0.000002060
1000 mg/l'504 0.00191 0.000000918
2500 mg/l,504 0.00176 0.000000798
5000 mg/l 504 0.00191 0.0000DD929
0.8 meq/l 0.00158 0.000000641
4.2 meCl/l 0.00161 0.000000662
19.8 meq/l 0.00149 0.000000571
5101meq/l 0.00169 0.000000753
103.2 meq/l 0.00161 0.00000065,6
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ENVIO 1-00325 FEL
One Way Analysis of Variance

Datli source: SD 10 Root Biomass in 00325_SD10_10162013

Normality Test (Shaplro-Wllk) Passed (P = 0.257)

Equal Variance Test: Passed (P = 0.554)

Group Name' N Missing Mean Std Oev SEM
HS-1 4 0 0.000455 0.000102 0.0000512,
100mg B/L 4 0 0.000282 0.000222 0.0001110
10 mg/LS04 4 0 0.000468 0.000125 0.0000627
250mg/LSOIl 4 0 0.000713 0.000098 0.0000491
1000 mg/LS04 4 0 0.000478 0.000031 0.0000156
2500 mg/L S04 4 0 0.000440 0.000085 0.0000427
5000 mg/L 504 4 0 0.000478 0.000071 0.0000353
0.8 meq/L 4 0 0.000394 0.000080 0.0000400
4.2 meq/L 4 0 0.000403 0.000063 0.0000312.
19.8meq/L 4 0 0.000373 0.000074 0.0000369
51.1 meq/L 4 0 0.000422 0.000114 0.0000571
103.2 meq/L II 0 0.000403 0.000049 0.0000247

Source of Variation OF 55 MS F P
Between Groups 11 0.000000453 0.0000000412 3.819 0.001
Residual 36 0.000000388 0.0000000108
Total 47 0.000000841

The differences inthe mean values among the treatmentgro,ups are greater than would be
expected by chance; there is a statistically signifiCant difference (P 0.001).

Power of performed test with alpha 0.050;.0.942

Multiple :Comparisons versus Control Group (Bonferroni t-test):

Comparisons for factor:
Comparison
HS-1 lis. 250 mg/L SOlI
HS-1vs ..100 mg B/L
HS-1 vs. 19.8 meq/L
HS~lvs. 0:8 meq/L
HS-1vs. rD3.2 meq/L
HS-1 vs. 4.2 meq/L
HS'l liS. ,51.1 meq/L
HS-1 ils. 1000 mg/L SOlI
HS-1Iis. 5000 mg/L SOlI
HS'l liS. 2500 mg/LS04
HS-1 vs. 10 mg/L SOlI.

Offf of Means
0.000258
0.000173
0.0000827
0.0000608
0.0000525
0.0000521
0.0000328
0.0000231
0.0000229
0.0000148
0'.0000127

t
3.516
2.36
1.126
0.828
0.714
0.709
0;446
0.314
0.312
0.202
0.173
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P
0.013
0.262
1
1
1
1
1
1
1
1
1

P<O.050
Ye's
No

Do NotTest
Do NotTest
Do Not Test
Do Not Test
Do Not Test
Do Not Test
Do NotTest
Do NotTest
Do NotTest
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ENVI01-OO325 FEL
oescriptlve Statistics:

Data-source: 50'10 Shoot LE!"ngthin 00325_50 1o_101613

Column Size Missing Mean 5td Dev SteL Error C.I.ofMean
H5-1 4 0 3.783 0.464 0.232 0.739
100 mg B/L 4 .0 2.875 0.384 0.192 0.611
10 mg/LS04. 4 0 4.148 0.409 0.204 0.65
250 mgfLS04 4 .0 3.599 0.327 0.163 0.52
1000 mgfLS04 4 '0 3.333 0.264 0.132 0.42
2500 mgfLS04 4 0 2.915 0.356 0.178 0.566
5000 mg/L504 4 '0 2.242 0.091 0.0455 0.145
0,8 meqfL 4 :0 2.311 0.227 0.114 0.362
4.2 meqfL 4 .0 2.7 0.152 0.0758 0,241
19.8 meq/L 4 0 2.188 0.214 0.107 0.341
,51.1 meq/l 4 0 2.54 0.266 0.133 0.423
103.2 meq/L 4 0 2.095 0.203 0.102 0.323

Column Range Ma. Min Median 25% 75%
HS-l 1.1 4.236 3.136 3.88 3.487 4.079
100 mg B/L 0.82 3.445 2.625 2.716 2.647 3.104
10 mgfLS04 0.93 4.685 3.756 4.075 3.838 4.457
250 mgfL504 0.744 3.988 3.244 3.582 3.341 3.858
1000 mgfLS04 0.59 3.7 3.11 3.26 3.143 .3.523
2500 mgfL504 0.813 3.329 2.516 2.907 2.633 3.196
5000 mgfLS04 0.206 2.319 2.114 2.268 2.18 2.305
0.8 meq/L 0.451 2.552 2.101 2.295 2.117 2.504
4.2 meq/L 0.279 2.848 2.569 2.692 2.57 2.831
19.8 meq/L 0.504 2.48 1.976 2.147 2.039 2.336
51.1 meq/L 0.651 2.87 2.219 2.535 2.372 2.708
103.2 meq/L 0.475 2.284 1.81 2.143 1.961 2.229

Column Skewness Kurtosis K.S Dist. K-S Prob. 5WilkW SWllkProb
HS-l -1.168 2.145 0.297 0.235 0.917 0.522
100 mg B/L 1.87 3.534 0.365 0.066 0.758 0.046
10 mgfLS04 0.821 -0.361 0.211 0.597 0.951 0.723
250 mgfLS04 0.228 .1.863 0.19 0.661 0.978 0.893
1000 mgfLS04 1.258 1.082 0.232 0.511 0.898 0.421
2500 mgfL~04 0.0999 -1.869 0.178 0.687 0.982 0.916
5000 mgfLS04 -1.392 1.841 0.266 0.361 0.89 0.383
O.8meq/l 0.131 -5.055 0.283 0.292 0.853 0,237
4.2 meq/L 0.0434 -5.749 0.304 0.211 0.784 0.076
19.8 meq/L 1.007 1.345 0.241 0.47 0.949 '0.713
51.1 meq/L 0.101 1.473 0.241 0.473 0.958 0.769
103.2 me~/l "1.272 2,088 0.285 0.283 0.914 0.504

Column 5um SUm of Squares
HS-l 15.133 57.899
100 m8 B/L 11.502 33.514
10 mgfL:S04 16.592 69.321
250 mgfL504 14.397 52.14
1000.mgfL504 13.331 44.64
2500 mgfL504 11.659 34.362
.5000 mgfL504 .8.97 20.138
0.8 meq/L 9.242 21.51
4.2 meq/L 10.801 29.234
19.8 meq/L ,8.75 19.28
51.1 meq/L 10.159 26.011
103.2 meq/L 8.381 17.683
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ENVIOI-00325 FEL
OneWayAnalysls of Variance

Datli sour'ce: SO 10 Shoot Length in 0032S_S0 1O~101613

Normality Test (Shajliro'Wllk) Passed (P= 0.757)

Equai Variance Test: Passed (P 0.755)

Group Name' N Missing Mean Std Dev SEM
HS-l 4 0 3.783 0.464 .0.232
l00mg B/L 4 '0 2.875 0.384 .0.192
1.0mg/L S0.4 4 0 .4.148 0.409 .0.204
250 mg/L So.4 4 0 3.599 0.327 0.163
1000 mg/L So.4 4 0 3.333 0.264 0.132
2500 mg/L So.4 4 0 2.915 0.356 0.178
5000 mg/L 504 4 0 2.242 0.0910 0.0455
0.8 meq/L 4 0 2.311 0.227 0.114
4.2 meq/L 4 0 2.700 0.lS2. '0.0758
19;8 meq/L 4 0 2.188 0.21:4 0.107
51:1 meq/L 4 0 2.540 0.266 .0.133
103.2 meq/L 4 0 2,095 ,0.203 0.102

Source ofVarjation OF SS MS F P
Between Groups it 20.476 1.861 20.799 ,<0.001
Residual 36 3.222 0.0895
Total 47 23.698

The differences inthe mean values among the treatment groups are greater than would be
expected by chance; there is a statiStically significant differel'lce (P <.0.001).

Power of performed test with alpha.= 0.050: '1.000

Multiple ComparisonsversusControl Group (Bonferroni t-test):

Comparisons for factor:
Compinjscin
H5-1VS. 103.2 ri1eq/L
i-IS-lvs. ,19.8 meq/L
i-IS-l ys. 5000 mg/L Sb4
HS-1'vs . .o:a meq/L
HS-l YS.51.1 meq/L
HS-l Vsc4.2 meq/L
HS.-l\1s.100 mg BIL
HS-l YS.2500 mg/L S04
HS-l vS.lOOO mg/L S04
i-IS-l'Vs..10 mg/LS04
HS-l vs:250 mg/L S04

Ojff of Means
1;688
1.596
1.541
1.473
1.244
L083
0.9()8
0:869
0.45
0.365
0.184

t
7,98
7.543
7.284
6.962
5.879
5:12
4.292
.4;1.06
2.129
1.724
0.87

p

<0 ..001
<0.001
<0.001
<0.001
<0.001
<:0.001
0.0.01
0.002
0.442
-1
1

p<O,OSO
Yes.
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No

Do Not Test
Do NotTest
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ENVIOI-00325 FE!-
Descriptive Statistics:

Datasoutce: SO 10 Root Length in 00325_50 1o_101613

Column Slie Missing Mean 'Std Dev Std. Error C.I.,of Mean
H5-1 4 0 3.977 0.981 0.491 1.561
100 mg B/l 4 0 1.908 0.Jl53 0.226 0.720
10 mg/l:504 4 0 3.929 0.073 0.037 0.117
250 mg/l504 4 0 4.226 1.205 0.603 1.918
1000 mg/l504 4 0 3.640 0.533 0.266 0.848
2500 mg/l 504 4 0 3.362 0.710 0.355 1.130
5000 mg/l504, 4 0 2.076 0.417 0.209 0.664
0.8 meq/l 4 0 3.364 0.469 0.235 0,,747
4.2 meq/l 4 0 4.320 0.550 0.275 0.875
19.8 meq/l 4 0 2.792 0.848 OA24 1.349
51.1 meq/l 4 0 3.217 0.562 0.281 0.893
103.2 tneqjl 4 0 2.051 0.083 0.041 0.131

Column Ranse Max Min Meenan 25% 75%.

H5-1 2.182 5.368 3.187 3.677 3.296 4.659
100 mgB/l 0.984 2.229 1.245 2.080 1.623 2.194
10 mg/Li504 0.151 3.996 3.846 3.938 3.868 3'.991
250 mg/L504 2.529 5.672 3.144 4.043 3.235 5.216
1000 mg/l504 1.141 4.082 2,942 3,769 3.225 4.056
2500 mg/l504 1.608 '4.023' 2,.416 3.505 2.828 3.896
5000 mg/l504, 0.981 2.551 1.570 2.091 1.759 2.392
0.8 meq/L 1.035 4.047 3.013 3.197 3.062 3.665
4.2 meq/L 1.109 4.799 3.689 4.395 3.~S9 4.780
19.8 meq/l 2.017 3.637 1.620 2.956 2.245 3.340
51.1 meqjL 1.300 3.709 2.409 3.375 2.885 3'.549
103.2 meq/l 0.186 2.166 1.980 2.028 1.993 2.109

Column Skewness Kurtosis K-S Dist. K-5 Prob. SWllk,W SWllk Prob
HS-l lA19 1.755 0.261 0.381 0.875 0.318
100 mg B/l -1.747 3.071 0.331 0.131 0.B03 0.108
10 mg/l'504 -0.290 -4.150 0.277 0.314 0.882 0.346
250 mg/l 504 0.452 -3.253 0.272 0.335 0.896 0.413
1000 mg/l504 -0.874 -1.115 0.267 0.357 0.890 0.381
2500 mg/l504 -0.918 -0.119 0.217 0.574 0.940 0.655
'5000 mg/l504 -0.186 -0.615 0.147 0.709 0.996 0.986
0.8 meq/l 1.679 2.854 0.319 0.164 0.827 0.161
'4',2meq/l -0.316 -4.165 0.289' 0.265 0.862 0.269
19.8 meq/l -1.084 1.993 0.286 0.277 0.9'29 0.586
51:1 meq/l -1.510 2.824 0.351 0.097 0.853 0.237
103.2 meq/l 1.307 1.463 0.248 0.439 0:9'01 OA34

.CoIumn Sum :Sum of Squares

H5-1 15.909 66.166
100 ing B/l 7.634 15.183
10 mg/l,504, 15.71? 61;773
250 mg/l504 16.902 75.780
1000 mg/l 504 14.562 53.862
2500 mg/l504 13.449 46.732
5000 mg/l 504, 8.303 17.757
0.8 meq/l 13A54 45.914
4;2 meq/L 17.279 75.543
19.8 meq/L 11.170 33.34?
51:1 meq/l 12.868 42.342
103.2 me<l/l 8.202 16.839
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ENVIOI-00325 FEL
One Way Analysis of Variance

Datli source: SO 10 Root Length in 00325_50 10_101613

Normality Test (Shaplro-Wilk) Passed (P 0.336)

Equal Variance Test: Passed (P 0.090)

Group Name N Missing Mean Std Oev SEM
H5-1 4 0 3.977 0.981 0.491
100mg S/L 4 0 1.908 0.453 0.226
10 mg/L504 4 0 3.929 0.073 0.037
250mg/L504 4 p 4.226 1.205 0.603
1000 mg/L 504 4 0 3.640 0.53,3 0.266
2500 mg/L 504 4 0 3.362 0.710 0.355
5000 mg/l 504 4 0 2.076 0.417 0.209
0.8 meq/L 4 0 3.364 0.469 0.235
4.2 meq/L 4 0 4.320 0.550 0.275
19.8meq/L 4 0 2.792 0.848 0.424
51.1 meq/L 4 0 3.217 0.562 0.281
103.2 meq/L 4 0 2.051 0.083 0.041

Source of Variation OF SS MS F P
Between Groups 11 32.362 2.942 6.853 <0.001
Residual 36 15.455 0.429
Total 47 47.817

The differences in the mean values among the treatment groups are greater than would be
expected by chance; there is a statistically significant differehce (P = <0.001).

Power of performed test with alpha 0.050: 1.000

Multiple Comparisons versus Control Group (Bonferroni t-test):

Comparisons for factor:
Comparison
HS-1 lis. '100 mg S/L
H5-1 vs. '103.2 meq/L
H5'1 vs. 500d mg/L sb4
H5~1vs. 19.8 meq/L
H5-1 vs. 51.1 meq/L
H5-1 vs. 2500 mg/L S04
H5'1 vS.0;8 meq/L
H5-1 vs, 4.2 meq/L
HS-1 vs. 1000 mg/l 504
H5-1 liS.250 mg/L S04
HS-1 vs. Hi mg/L 504

Oiff of Means
2.069
1.927
1.902
1.185
0.76
0.615
0.614
0.342
0.337
0.248
0.0481

t
4.466
4.159
4.105
2.558
1.641
1.328
1.325
0.739
0.727
0.536
0.104

p

<0.001
0.002
0.Od2
0.164
1
1
1
1
1
1
1

P<O,OSO
Yes
Yes
Yes
No

Do Not Test
Do NotTest
Do NotTest
Do NotTes!
Do NotTest
Do NotTest
Do NotTest
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ENVIOI-00325 FEL
Descriptive Statistics:

Data source: SO 21 Emerserice in 00325..,:5021_101613

Column Size Missing Mean 5td.Dev Std. Error C.I. of Mean
HS-l 4 0 0.383 0.043 0.022 0.068
100 mS B/L 4 0 0.192 0.050 0.025 0.080
10 mglL 504 .4 0 0.458 0.189 0.095 0.301
250 mglL504 4 0 0.450 0.189 0.095 0.301
1000.mg/L504 4 0 0.583 0.181 0.091 0.288
2500 mglL 504 4 0 0.734 0.122 0.061 0.194
5000 mglL 504. 4 0 0.550 0.140 0.070 0.223
0.8 meq/L 4 0 0.292 0.057 0.029 0.091
4.2 meq/L 4 0 0.359 0.113 0.057 0.180
19.8 meq/L 4 0 0.375 0.100 0.050 0.158
51.1 meq/L 4 0 0.508. 0.153 0.076 0.243
103.2 meq/L 4 0 0.342 0.057 0.028 0.091

Column Ranse Ma. Min Median 25% .75%
H5-1 0.100 0.433 0.333 0.384 0.350 0.416
100 I)lSB/L 0.100 0.267 0.167 0.167 0.167 0.217
10 mglL504 0.433 0.733 0.300 0.400 0.350 0.567
250 mglL 504 OAOO 0.733 0.333 0.367 MSO 0.550
1000 mg/L 504 0.366 0.733 0.367 0.617 0.434 0.733
2500 mg/L504 0.267 0.867 0.600 0.734 0.633 0.834
5000 mglL 504 0.333 0.700 0.367 0.567 OA5O 0.650
0.8 meq/L 0.134 0.367 0.233 0.283 0.250 0.334
4.2 meq/L 0.233 0.500 0.267 0.334 0.267 0.450
19.8 meq/L 0;233 0.500 0.267 0.367 0.300 0.450
51.1 meq/L 0.334 0.667 0.333 0.516 0.383 0.633
103.2 meq/L 0.133 0.400 0.267 0.350 0.300 0.384

Column Skewness Kurtosis K-S Dislo K-5Prob. SWllkW SWllkProb
H5-1 .(l.028 -1.156 0.152 0.710 0.993 0.974
100 ms B/L 2.000 4.000 0.441 0.006 0.630 0.001
10 mglL504 1.614 3.037 0.371 0.057 0.825 0.156
250 mglL 504 1.956 3.866 0.419 0.013 0.703 0.012
1000 mglL 504 .(l.445 -3.489 0.296 0.241 0.855 0.243
2500 mglL504 0.000 -3.278 0.207 0.608 0.950 0.718
SOOOmglL504 .(l.640 0.690 0.202 0.628 0.980 0.902
0.8 meq/L 0.746 0.3}1 0.193 0.655 0.972 0.855
4.2 meq/L 0.630 -2.482 0.290 0.261 0.863 0.271
19.8 meq/L OA30 .OA31 0.164 0.707 0.988 0.950
51.1 meq/L .(l.194 -3.205 0.226 0.537 0.946 0.691
103.2 meq/L .(l.742 0.272 0.189 0.665 0.972 0.852

Column Sum Sum of Squares
H5-1 1.533 0.593
100 mS B/L 0.768 0.155
10 mglL'504 1.833 0.947
250 mglL 504 1.800 0.918
1000 mglL 504 2.333 1.459
2500 mglL 504 2.934 2.197
5000 mglL S04 2.200 1.269
0.8 meq/L 1.167 0.350
'4.2meq/L 1.434 0.553
19.8 meq/L 1.500 0.592
51.1 meq/L 2.033 1.103
103.2 meq/L 1.367 0.477
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ENVIO 1-00325 FEL
One Way Analysis of Variance

Data source: 5D 21 Emergence in o0325_5D 21~lO1613

Normality Test (Shapiro.Wilk) Passed (P 0.267)

Equal Variance Test: Passed (P 0.562)

Group Name N Missing Mean Std Dev. SEM
asinsqrt(col(l)) 4 0 0.667 0.044 0.0222
asinsqrt(col(2)) 4 0 0.451 0.061 0.0305
asinsqrt(col(3)) A 0 0.744 0:195 0.0977
asinsqrt(col(4)) 4 0 0.736 0.195 0.0976
asinsqrt(col(5)) 4 0 0.873 0.187 0.0935
asinsqrt(col(6)) 4 '0 1.037 0.142 0.0708
asinsqrt(col(7)) 4 0 0.837 0.143 0.0714
asinsqrt(col(8)) 4 0 0.569 0.063 0.0313
asinsqrt(col(9)) 4 0 0.639 0.118 0.0591
asinsqrt(col(lO)) 4 0 0.657 0.103 0.0516
asinsqrt(col(ll)) 4 0 0.794 0.155 0.0777
asinsqrt(col(12)) 4 0 0.623 0.061 0.0303

Source of Variation OF 55 MS F P
Between Groups 11 1.044 0.0949 5.327 <0.001
Residual 36 0,641 0.0178
Total 47 1.685

The differences in the mean values among the treatment groups are greater than would be
expected by chance; there is a statistically significant differehce (P <0.001).

Power of performed test with alpha 0.050: 0.996

Multiple :Comparisons versus Control Group (Bonferronl t-test):

Compansohs for factor:
Comparison
asinsqrt(col vs.asinsqrtjcol
asinsqrt(col vs. asinsqrt(col
asinsqrt(col vs. asinsqrt(coi
asinsqrt(col vs. asinsqrt(col
asinsqrt(col vs. asinsqrt(col
asinsqrt(col vs. asinsqrt(col
asinsqrt(col vs. asinsqrt(col
asinsqrt(col vs. asinsqrt(col
asin:sqrt(col vs. asinsqrt(col
asinsqrl(col vs. asinsqrt(col
asinsqrt(col vs. asinsqrt(col

Diff of Means
0.369
0.216
0.206
0.169
0.127
0.0979
0.077
0.0689
0.0438
0.0282
0.0101

t

3.914
2.2815
2.18
1.795
1.341.
1.038
0.816
0.73
0.464
0.298
0.107

P
0.004
0.311
0.395
0.891
1.000
1.000
1.000
1.000
1.000
1.000
1.000

P<0.05o
Yes
No

Do NotTest
Do Not Test
Do Not Test
Do NotTest
Do Not Test
Do NotTest
Do NotTest
Do NotTest
Do Not Test
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ENVI01-00325 FEL
Desaiptlve Statistics:

Data source: SO21 Leaf Bioniass in 00325_50 21_101613

Column Size MlssinS Me ••• 5td Dev Std. Error C.I.ofMean
H5-1 4 0 0.00546 0;000449 0.000224 0.000714
100 mgB/l 4 0 0.0031 0.00103 0.000517 0.00165
10 mg/l504 4 0 0.00693 0.000698 ,0.000349 0.00111
250 mg/l504 4 0 0.00688 0.000569 0.000285 0.000906
iooo mg/l504 4 0 0.00682 0.000915 0.000457 0.00146
2500 mg/l504 4 0 0.00653 0.000855 0.000428 0.00136
5000 mg/l504 4 0 0.00487 0.00077 0.000385 0.00122
0.8 meq/l 4 0 0.0063 0.00119 0.000597 0.0019
4.2 ineq/l 4 0 0.00701 0.00158 0.000789 0.00251
19.8 meq/l 4 0 0.00595 0.000985 0.000493 0.00157
51.1 meq/l 4 0 0.00697 0.000931 0.000466 0.00148
103.2 meq/l 4 0 0.00849 0.00262 0.00131 0.00416

Column Range Max Min Median 25% 75%
H5-1 0.000932 0.00584 0.00491 0.00554 0.00509 0.00583
100mgB/l 0.00235 0.00418 0.00183 0.00319 0.00228 0.00392
10 mg/lS04 0.00125 0.00757 0.00632 0.00693 0.0063'3 0.00754
250 mg/l 504 0.00139 0.00757 0.00618 0.00688 ,0.00651 0.00724
1000 mg/l504 0.00219 0.00804 0.00585 0.0067 0.0062 0.00745
2500 mg/l504 0.00197 0.00732 0.00535 0.00673 '0,00593 0.00714
5000 mg/l 504 0.00165 0.00544 0.00378 0.00513 0.00432 0.00541
0.8 meq/l 0.00264 0.0074 0.00476 0.00652 0.00537 0.00724
4.2 meq/L 0.00306 0.0085 0.00544 0.00706 0.00566 0.00837
19.8 meq/l 0.00201 0.00712 0.00511 0.00578 '0.00514 0.00677
51.1 meq/l 0.00216 0.00808 0.00591 0.00694 0.00625 0.00769
103.2 meq/L 0.00579 0.0118 0.00606 0.00802 0.00644 0.0105

Column Skewness Kurtosis K-S Oist. K-5Prob. SWllkW 5Wilk Prob
H5-1 .().529 -2.982 0.282 0.293 0.88 0.339
100 mg B/l .().39 -1.715 0.203 0.624 0.971 0.85
10 mg/l504 0.00538 -5.953 0.301 0.222 0.761 0.048
250 mg/l 504 -0.00716 1.436 0.228 o.s29 0.964 0.803
1000 mg/l504 0.743 1.334 0.238 0.485 0.967 0.82
2500 mg/l504 -1.147 1:207 0.236 OA94 0.931 0.597
5000 mg/l504 -1.392 ,1.409 0.252 0.421 0.845 0.209
:0.8 meq/l .().745 -1.309 0.24 0.474 0.931 0.601
4.2 meq/l .().043 -5.473 0.28 0.3 0.835 0.18
19.8 meq/L OA32 -3.538 0.289 0.267 0.868 0.288
51.1 meq/l 0.139 -1.149 0.16 0.709 0.992 0.968
103.2 meq/l 0.725 -1.366 0.239 0.481 0.934 0.616

Column .Sum Sum of Squares
H5-1 0.0218 0.00012
100 mg B/l 0.0124 0.0000416
10 mg/l504 0.0277 0.000194
250 mg/l 504 0,0275 0.00019
1000mgJl S04 0.0273 0.000189
2500 mg/l S04 0.0261 0.000173
5000 mg/l504 0.0195 0.0000965
0.8 meq/l 0.0252 0.000163
"4.2 meq/L 0.0281 0.000204
19.8 meq/l 0.0238 0.000145
51.1 meq/l 0.0279 0.000197
103.2 meq/l 0.034 0.000309
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ENVIO 1-003 25

One WeyAnalysis of Vlriance

Data source: SOZl Leaf Biomass In 00325_5021_101613

FEL

NormaUtyTest (Shaplro.Wilk) Passed (P= 0.265)

Equil'Variiinte Test: Failed (P<0,050)

Test execution ended by usenequest, ANOVAon Ranks begun

Kruskal-Wallis'One Way Analysis of Variance on Ranks

Data source: SO 21 Leaf Biomass In 00325_50 21_101613

Group N Missing Madlan 25% 75%
H5-1 4 0 0.00554 0.005 0.00583
100 mg B/L 4 ,0 0.00319 0.00206 0.00405
10 mgfLS04 4 0 0.00693 0.00632 0.00755
250 mgfL504 4 '0 0.00688 0.00635 0.00741
1000 mgfL 504 4 0 0.0067 0.00602 0.00774
2500, mg/L 504 4 0 0.00673 0.00564 0.00723
5000 mgfL 504 4 0 0.00513 0.00405 0.00542
0.8 meq/L 4 0 0.00652 0.00507 0.00732
4.2 meq/L 4 0 0.00706 0.00555 0.00843
19.8 meq/L 4 0 0.00578 0.00512 0.00694
51.1 meq/L 4 0 0.00694 0.00608 0.00788
1"03.2meq/L 4 0 0.00802 0.00625 0.0112

H 26.046 with 11 degrees ciffreedom. (P 0.006)

The dlfferentes In the median values among the treatment 'groups are greater than would be
expected by chance; there Is a,statlstically significant difference (P 0.006)

To isoiata the gcoup or groups that differ from the others use a multipie'comparlson procedure.

Multiple Comparisons versus Control Group (Dunn's Methodj :

Comparison
103.2 meq/Lvs H5"1
,51.1 meq/L vs H5-l
10 m'gfL504 vs H5-1
250 mgfL 504 vs H5-1
4.2 meq/L vs HS-l
1000 mgfL'504 vs H5-l
2s00mgfL504 vs H5.l
0.8 meq/L vs H5-1
100 mgB/L vs H5-1
19.8 meq/L vs H5-1
5000 mgfL 504 vs H5-1

Diffof Ranks
23.75
195
19.5
19.25
18.25
17.25
14.75
12.25
10.2S
7.25
35

Q

2.399
1.97
,1.97
1.945
1.844
,1.743
,1.49
1.237
1.035
0.732
0.354

P<0.05
No

Do NoUest
Do Not Test
Do Not Test
DoNotTest
Do Not Test
Do Not Test
Do Not Test
Do NotTest
Do NotJest
Do NotTest
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ENVIOI-00325 FEL
Descriptive .Statistics:

Data source: SO 21 Leaf Number in 00325_50 21_101613

Column Size Missing Mean Std !lev Std. Error Col. of Mean
HS-l 4 0 .3.614 0.501 0.250 0.796
100 mg B/L 4 0 2.712 0.995 OA98 1.584
10 mg/LS04 4 0 .3.769 0.170 0.085 0.270
250 mg/L504 4 0 .3.873 0.290 0.145 0.462
1000 ~g/L504 4 0 .3.452 0.126 0.063 0.200
2500 mg/L 504 4 0 .3.159 0.204 0.102 0.325
5000 mg/L 504 4 0 2.569 0.247 0.124 0.394
.0.8 meq/L 4 0 .3.382 .0.261 0.131 OA16
4.2 meq/L 4 0 2.919 0.375 0.188 0.597
19.8 meq/L 4 0 :3.056 '0.158 0.079 0.252
51.1 meq/L 4 0 3.257 .0.243 0.122 0.387
103.2 meq/L 4 0 2.881 0.210 0.105 0.334

Column Range Ma. Min Median 00250 0.750
H5-1 1.173 4.250 3.077 3.564 3.238 3.989
100 ing.B/L 2.200 3.800 1.600 2.725 1.900 3.525
10 mg/L504 0.333 3.917 .3.583 3.788 3.625 3.913
250 mg/L 504 0.636 4.091 3A55 3.973 3.677 4.068
1000 mg/L 504 0.273 3.545 .3.273 3A84 3.364 3.539
2500 mg/L S04 0.444 3.3~3 2.889 3.208 3.002 3.317
5000 mg/L S04 0.576 2.889 2.313 2.537 2.384 2.754
0..8 meq/L 0.556 3.556 3.000 3.487 3.214 3.551
4.2 meq/L 0.842 3.467 2.625 2.792 2,688 3.150
19.8 meq/L 0.367 3.200 2.833 3.096 2.950 3.163
51.1 meq/L 0.515 3.615 .3.100 3.156 3.106 3.408
103.2 meq/L 0.467 3:167 2.700 2.830 2.725 3.038

Column Skewness Kurtosis K.S Dlst. K-SProb. SWilkW SWllkProb
H5-1 0.505 -0.262 0.165 0.705 0.986 0.934
100 mg B/L -0.0474 .3.028 0.205 0.615 0.957 0.761
10 mg/L 504 -0.203 -4.821 0.296 0.242 0.840 0.196
250 mg/L504 -1.567 2.305 0.287 0.273 0.842 0.201
1000 mg/L504 -1.452 1.722 0.260 0.389 0.847 0.216
2500 mg/L 504 -0.927 -0.731 0.254 .0.412 0.903 0.446
5000 mg/L 504 0.643 -0.175 0.178 0.688 0.976 0.879
0.8meq/L -1.728 2.925 0.320 0.161 0.786 0.079
4.2 meq/L 1.688 3:061 0.340 .0.111 0.831 0.170
19.8 meq/l -1.307 1.987 0.276 0.318 0.911 0.487
51.1 meq/L 1.808 3.261 0.342 .0.107 0.767 0.055
103.2 meq/L 1.078 0.211 0.234 .0.SOl 0.911 0.488

Column Sum Sum of Squares
HS-l 14.454 52.983
100 mg B/L 10.850 32.403
10 mg/l504 15.076 56.906
250 mg/LS04 15.491 '60.245
1000 mg/L 504 13.806 47.699
2500 mg/L S04 12.638 40.052
5000 mg/L 504. 10.275 26.578
0.8 meq/L 13.530 45.967
4.2 meq/L 11.675 34.499
19.8 meq/L 12.225 37.438
51:1 meq/L 13.026 42.600
103.2 meq/L 11.526 :33.343
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ENVI01-00325

One Way Analysis of Variance

D.atasource: SD 21 Leaf Number In 0032S_SD 21_101613

FEL

Normality Test (Shaplro.Wilk) Failed (P <0.050)

Test execution ended by user request, ANOVAon Ranks begun

Kruskal.Wallis One Way Allalysis of Variallce on Ranks

Data source: SD 21 Leaf Number In 0032S_SD 21_101613

Group
HS.-l
100mg B/L
10 mg/L 504
250 mg/LS04
1000 mg/LS04
2500 mg/L 504
5000 mg/LS04
0.8 meq/L
4.2 meq/L
19.8 meq/L
51.1 meq/L
103.2 meq/L

N

4
4
4
4
4
4
4
4
4
4
4
4

Mlsslllg
a
a
o
a
a
o
o
a
a
o
a
0'

Median
3.564
2,725
3.788
3.973
3.494
3.208
2.537
3.487
2.792
3.096
3.156
2.830

25%
3.158
1.750
3.604
3.566
3.318
2.946
2.348
3.107
2.656
2.892
3.103
2.713

75%
4.119
3.662
3.915
4.080
3.542
3".325
2.821
3.553
3.308
3.181
3.512
3.102

H 29.310 with 11 degrees df freedom. (P 0.002)

The differences In the median values among the treatment groups are.greater than would be
expected by chance; there is a statistically significant difference (P 0.002)

To Isolate the group or groups that differ from the others use a multiple comparison procedure.

Multiple Comparisons Versus Control Group (Dunn's Method) :

Comparison
5000 mg/L 504 vs H5-.1
103.2 meq/L vs HS.l
4.2 meq/L vs HS-l
100 mg B/L vs Hs-l
19.8 meq/L vs HS-l
2500 mg/L 504 vs HS-l
51:1 meq/L vs H5-1
250 l)ig/L 504 vs HS.l
10 mg/LS04vs HS-l
0.8 meq/L vs HS-l
1000 mg/L S04 vs HS.l

Oiff of Ranks
27.625
20.875
19.250
16.250
16.000
11.875
8.875
8.125,
8:000
4.375
2.000

Q

2.791
2.109
1.945
1:641
1.616
1.200
0.897
0.821
0.808
0.442
0.202

P<O.05

No
D6 NotTest
Do Not TeSt
Do NotTest
Do Not Test
Do Noirest
Do NotTest
D6 Not.Test
Do NotTest
Do NotTest
Do Not Test
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ENVIO 1-00325 FEL
Descriptive statisti~:

Data'source: so 21 Phytotoxicrty in 00325_50 21_101613

Column ,Size Missing Mean Std De. Std. Error C.I. of Mean
HS-l 4 0 0.000 0.000 0.000 0.000
100 mg B/l 4 0 1.000 0.000 0.000 0.000
10 mg/l S04 4 0 0.000 0.000 0.000 0.000
2S0 mg/lS04 4 0 0.000 0.000 0.000 0.000
1000 mg/l.S04 4 0 0.000 0.000 0.000 0.000
2500 mg/l S04 4 0 0.000 0.000 0.000 0.000
SOOOmg/l S04 4 0 0.855 0.016 0.008 0.025
0.8 meqfl 4 0 0.000 0.000 0.000 0.000
4.2 meq/l 4 0 0.000 0.000 0.000 0.000
19.8 meq/L 4 0 0.000 0.000 0.000 0.000
51.1 meq/l 4 0 0.000 0.000 0.000 0.000
103.2 meq/l 4 0 1.000 0.000 0.000 0.000

Column Range Max Min Median 25% 75%
HS-l .0.000 0.000 0.000 0.000 0.000 0.000
100 mg B/l 0.000 1.000 1.000 1.000 1.000 1.000
10 mg/l.S04 0.000 0,000 0.000 0.000 0.000 0.000
2S0mg/lS04 '0.000 0.000 0.000 0.000 0.000 0.000
1000 mg/l S04 0.000 0.000 0.000 0.000 0.000 0.000
2S00 mg/l S04 0.000 0.000 0.000 0.000 0.000 0.000
5000 mg/l S04 .0.034 0.909 0.875 0.897 0.882 0.907
0.8 meqfl 0.000 0.000 0.000 0.000 0.000 0.000
4.2 meq/l 0.000 0.000 0.000 0.000 0.000 0.000
19.8 meq/l 0.000 0.000 0.000 0.000 0.000 0.000
51.1 meq/l 0.000 0.000 0.000 0.000 0.000 0.000
103.2 meq/l 0.000 1.000 1.000 1.000 1.000 1.000

Column Skewness Kurtosis K.S Cist. K.S Prob; SWilkW SWllk Prob
HS-l 0.000 '6.000 0.000 <0.001 0.000 <0.001
100 mg B/l 0.000 '6.000 0.000 <0.001 0.000 <O.OQl
10 mg/l S04 0.000 -6.000 0.000 <0.001 0.000 <0.001
250 mg/lS04 0.000 -6.000 0.000 <0.001 0.000 <0.001
1000 mg/l S04 0.000 -6.000 0.000 <0.001 0.000 <0.001
2500. mg/l S04 0.000 '6.000 0.000 <0.001 0.000 <0.001
SOOOmg/l S04 -<l.592 -2.167 0.249 0.435 0.927 0.576
0.8 meq/l 0.000 -6.000 0.000 <0.001 0.000 <0.001
.4.2 meqfl 0.000 -6.000 0.000 <0.001 0.000 <0.001
19.8 meq/l 0.000 ,6.000 0.000 <O.ODl 0.000 <0.001
5Umeq/l 0.000 '6.000 0.000 <0.001 0.000 <0.001
103.2 meq/l. 0.000 -6.000 0.000 <0.001 0.000 <0.001

Colunin Sum Sum of Squares
HS-l 0.000 0.000
100 mg B/l 4.000 4.000
10 mg/lS04. 0.000 0.000
250 mg/lS04 0.000 0.000
1000 mg/l S04 0.000 0.000
2500 mg/l S04 0.000 0.000
"5000 mg/l504 .3.578 3.201
0.8meq/l .0.000 0.000
4.2 meqfl 0.000 0.000
19.8 meq/l 0.000 0.000
51.1 meq/l 0.000 0.000
103.2 meq/l 4.000 4.000

Page 107 of173



ENVIOI-00325 FEL
One Way Analysis of Variance

Data source: SO 21 PhYtotoxicity In 00325_5021_101613

Normality Test IShapiro-Wilkl Failed (P <0.050)

Equal Variance Test: Failed (P < 0.(50)

Group Name N Missing Mean Std Dev SEM
H5~1 4 a 0.000 0.000 0.000
aSlnsqrt(cbi(2)) ,4 a 1.571 0.000 0.000
10mg/L504 4 a 0.000 0.000 0.000
250,mg/L 5.04 4 a 0.000 0.000 0.000
1000 mg/L5.o4 4 a 0.000 0.000 0.000
250.0 mg/L 5.04 4 a .0.000' 0.000 0.000
asinsqrt(col(7)) 4 a 1.241 0.025 0.013
0.8 meq/L 4 a 0.000 0:000 0.000
4.2 meq/L 4 a 0.000 0.000 0.000
19.8 meq/L 4 a 0.000 0.000 0.000
51.1 meq/L 4 a 0.000 0.000 0.000
aslnsqrt(col(12)) 4 a 1.571 0.000 0.000

Source of Variation OF SS MS F P
Between Groups 11 19.494 1.772 33394.25 <0.001
Residual 36 0.00191 0.0000531
Total 47 19.496

'The differences In the mean values'amcing the treatment groups are greater than would be
expected by chance'; there is a statistically significant dlffe'rence (P <0.D01).

Power of performed test with alpha 0.050: 1.000

Multiple Comparisons versus Control Group (Bonferroni t-test):

ComparISons for la'ctor:
COmparison
HS-l vs. aslnsqrt(col(2))
HS,1,vs.aslnsqrt( col(12))
HS-l vs.aSlnSqrt(col(7))
HS.1Ns. 0.8 meq/L
HS-ll1S. 51.1 meq/L
HS-l vs.19.8 meq/L
HS-l vs. 4.2 meq/L
HS-l vs. 2500 mg/L 5.04
HS~l vs, 250 mg/L S.o4
H5-1 vs. 10 mg/L 504
Hs~l vs. 1000 mg/LS.o4

Diff of Means
1.571
1.571
1.241
0.000
0.000
0.000
0.000
0.000
.0.000
0.000
0.000

t
304.939
3,04.939
240.838
0.000
0.000
0.000
0.000
.0.000
0.000
0.000
0.000
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p
<0.001
<0.001
<0.001
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

P<O.OSO
Yes
Yes
Yes
No

Do NotTest
bo Not Test
Do NotTest
Do Not Test
Do Not Test
Do Not Test
Do Not Test
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ENVIOI-00325 FEL
Descriptive Statistics:

Data.source: SO 21 Shoot Biomass tn 00325_50 21_101613

Column Size Missing Mean Std Dev Std. ElTor C.I. of Mean
H5-1 4 0 0.00235 0.00036 0.00018 0.00057
100 ma B/L 4 0 0.00284 0.00070 0.00035 0.00112
10 mg/L504 4 0 0.00225 0.00030 0.00015 0.00048
250mg/LS04 4 0 0.00230 0;00033 0.00016 0.00052
1000 mg/L 504 4 0 0.00242 0.00026 0.00013 0.00041
2500 mg/L 504 4 0 0.00272 0.00035 0.00018 0.00056
5000 mg/L 504 4 0 0.00363 0.00057 0.00028 0.00090
0.8 meq/L 4 0 0.00145 0.00007 0.00004 0.00012
4.2 meq/L 4 0 0.00169' 0.00014 0.00007 0.00023
19,8 meq/L 4 0 0.00160 0.00027 0.00013 0.00043
.51:1 meq/L 4 0 0.00196 0.00036 0.00018 0.00057
103.2 meq/L 4 0 0.00285 0.00111 0.00056 0.00177

Column Range Max Min Median 25% 75%
H5-1 0.00078 0.00274 0.00195 0.00236 0.00206 0.00265
100 mg 8/L 0.00168 0.00356 0.00188 0.00297 0.00240 0.00329
10 mg/L504 0.00070 0.00256 0.00186 0.00230 0.00202 0.00248
250 mg/L504 0.00075 0.00276 0.00201 0.00222 0.00207 0.00253
1000 mg/L 504 0.00056 0.00279 0.00223 0.00232 0.00226 0.00257
2500 mg/L 504 0.00078 0.00324 0.00247 0.00259 0.00252 0.00292
5000 mg/L 504 0:00126 0.00441 0.00315 0.00349 0.00322 0.00405
0.8 meq/L 0.00018 0.00153 0.00136 0.00145 0.00140 0.00149
4.2meq/L 0.00030 0.00179 0.00148 0.00175 0.00160 0.00179
19.8 meq/L 0.00061 0.00198 0.00138 0.00152 0.00142 0.00178
51.1 meq/L 0.00085 0.00246 0.00161 0.00189 0.00172 0.00220
103.2 meq/L 0.00257 0.00445 0.00188 0.00253 0.00215 0.00355

Column Skewness Kurtosis K-S Dist. K.S Prob. 5WllkW SWllkProb
H5-1 -a.097 -3.233 0.216 0.577 .0.950 0.717
100 ma B/L -1.001 1.966 0.289 0.265 0.930 0.597
10 mg/L 504 -a.682 -a.562 0.198 0.638 0.966 0.818
250 mg/L504 1.266 1.526 0.251 0.426 0.913 0.500
1000 mg/L 504 1.770 3.218 0.344 0.102 0.803 0.108
2500. mg/L 504 1.819 3A81 0.379 0.045 0.782 0.074
5000 mg/L 504 1.128 0.437 0.233 0.507 0.907 0.465
0.8 meq/L -a.292 1.528 0.257 0.401 0.953 0.734
,4.2 meCiJ'L -1.729 2.922 0.320 '0.162 0.776 0.065
19.8 meq/L 1.441 2.092 0.279 0.307 0.884 0.357
51:1 meq/L 1.112 1.878 0.274 0.326 ,0.932 0.609
103.2 me~/l 1..496 2.645 0.319 0.163 0.874 0.314

Column Sum Sum of Squares
H5-1 0.0094 0.0000226
100 ma B/L 0.01140 0.0000338
10 mg/L 504 0.0090 0.0000206
.250 mg/L 504 0.0092 0.0000215
1000 mg/L 504 0.00966 0.0000235
2500 mg/L 504 0.01090 0.0000300
5000, mg/L 504 0.01450 0.0000538
0.8meCiJ'L 0.00580 0.00000841
4.2 meq/L 0.00678 0.0000115
19.8 meq/L 0.00640 0.0000104
51.1 meq/L 0.00784 0.00001580
103.2 meq/L 0.01140 0.00003620
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ENVIOI-00325

One Way Analysis of Variance

Data source: 5D215hoot Biomass In 00325,-,50 21~1016i3

FEL

NormiJlitYTest (5haplro-Wllk) Failed (P< 0.050)

Test execution ended by user request, ANOVAon Ranks begun

Kruskal-Wallls One Way Analysis ofVari~nciJ on Ranks

Data source,SD 21.5hoot Biomass in 00325-,5D 21~101613

Group N Missing Median 25% 75%
H5-1 4 0 0.00236 0.00201 0.00269
100 mg B/L 4 0 0.00297 0.00214 0.00343
10mg/L504 4 0 0.00230 0.00194 0.'00252
250 mg/LS04 4 0 0.00222 0.00204 0.00265
iooo mg/L 504 4 0 0.00232 0.00224 0.00268
2500 mg/L 504 4 0 0.00259 0.00249 0:00308
5000 mg/LS04 4 0 0.00349 0.00318 0.00423
0.8 meq/L 4 0 0.00145 0.00138 0.00151
4.2 rileq/L 4 0 0.00175 0.00154 0.00179
19.8 meq/L 4 0 0.00152 0.00140 0.00188
51.1 meq/L 4 a 0.00189 0.00167 0.00233
103.2 mecj/L 4 0 0.00253 0.00202 0.00400

H = 34.571 with 11 degrees of freedom. (P = <0.001)

The differences in the median values among the treatment groups are greater than would be
expected by chance; there Is a .statistlcally significant difference (P <0.001)

To isolate the group or groups that differ from the others use a multiple comparison procedure.

Multiple Comparisons versus Control Group (Dunn's Method) :

Comparison
0.8 meq/L vs H5.1
19.8 meq/L vs H5.1
-4.2 meq/L vs H5-1
5000 mg/L 504vs H5.1
51.1 meq/L vs H5"1
2500 mg/L 504 vs HS-l
100 rilg BILvs H5-1
103.2 meq/L vs H5'1
10 mg/L 504 vs H5-.1
1000 mg/L 504 vs H5-1
250 mg/L 504 vs H5-'1

Dlffof Ranks
23.5
18.75
17.5
17.500
10.000
8.500
8.000
4.750
2.500
1.500
1.000

0.
2.374.
1.894
1.768
1.768'
-1.01
0.859
0.808
0.480
0.253
:0.152
0.101
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p<ci.os
No

Do NotTest
00 Not lest
DeiNeitTest
Do Not Test
Do NotTest
Do Not Test
00 Not lest
Do NotTest
Do Not Test
Do Not Tesf
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ENVIOI-00325 FEL
Descriptlve'Statistics:

Data sourCe: 50",21Root BIomass in 00325_5021_101613

Column .Size Missing Mean 5td Dev Std, Error C.I. of Mean
H5-1 4 0 0.0004690 0.0001860 0.0000930 0.0002960
100 mg B/L 4 0 0.0003190 0.0000792 0.0000395 0.0001260
10 mg/L504 4 0 0.0005360 0.0000922 0.0000461 0.0001470
250 mg/L 504 4 0 0.0006020 0.0001870 0.0000936 0.0002980
1000 mg/L 504 4 0 0.0007350 0.0001390 0.0000696 0.0002210
2500 mg/L 504 4 0 0.0006920 0.0000621 0.0000311 0.0000989
5000 mg/L 504 4 0 0.q005420 0.0001670 0.0000837 0.0002660
0.8 meq/L 4 0 0.0004880 0.0001210 0.0000606 0.0001930
,4.2 meq/L 4 0 0.0004880 0.0001900 0.0000949 0.0003020
19.8 meq/L 4 0 0.0004560 0.0001220 0.0000609 0.0001940
51.1 meq/L 4 0 0.0005240 0.0001600 0.0000801 0.0002550
103.2 meq/L 4 0 0.0010400 0.0001780 0.0000B90 0.0002830

Column Range MBll Min Median 25% 75%
H5-1 0.000430 0.000650 0.000220 0.000503 0.000333 0.000606
100 mg B/L 0.000180 0.000420 0.000240 0.000308 0.000257 0.000380
10 mg/L 504 0.000217 0.000633 0.000417 o.oOO54B 0.000468 0.000604
250 mg/L504 0.000445 0.000790 0.000345 0.000637 0.000477 0.000728
1000 mg/L 504 0.000315 0.000930 0.000615 0.000698 0.000638 0.000833
2500. mg/L 504 0.000130 0.000770 0.000640 0.000680 0.000642 0.000743
5000 mg/L 504 0.000296 0.000690 0.000394 0.000542 0.000397 0.000687
0.8 meq/L 0.000270 0.000643 0.000373 0.000467 0.000393 0.000583
4.2 meq/L 0.000453 0.000733 0.000280 0.000469 0.000352 0.000623
19.8 meq/L 0.000233 0.000562 0.000330 0.000466 0.000352 0.000560
51.1 meq/L 0.000355 0.000760 0.000405 0.000466 0.000429 0.000619
103.2 meq/L 0.000415 0.001290 0.000873 0.000993 0.000920 0.001150

Column Skewness Kurtosis K-S Dist. K.S Prob. SWllkW SWilk Prob
HS-l -0.911 0.400 0.199 0.636 0.954 0.742
100 mg B/L 0.638 -1.012 0.210 0.600 0.962 0.789
10 mg/L504 -0.631 0.150 0.180 0.684 0.980 0.902
250 mg/L 504 -1.027 1.720 0.264 0.369 0.942 0.669
1000 mg/L 504 1.289 1.436 0.247 0.445 0.905 0.456
2500 mg/LS04 0.628 -2.448 0.280 0.303 0.882 0.349
SOOOmg/L S04 .0.000 -5.985 0.302 0.220 0.748 0.037
0.8 meq/L 0.690 -1.357 0.232 0.511 0.942 0.666
.4.2 meq/l .0.549 0.684 0.198 0.639 0.985 0.928
19,8 meq/L -0.107 -5.372 0.299 0.228 0.816 0.133
5L1 meq/L 1.783. 3.359 0.364 0.069 0.799 0.101
103.1 meq/L 1.303 2.141 0.287 0.273 0.910 0.481

Column Sum Sum of Squares
H5-1 0.00188 0.000000985
100 mg B/L 0.00128 0.000000425
10 mg/LS04 0.00215 0.00000118
250 mg/L 504 0.00241 0.00000156
1000 mg/L 504 0.00294 0.00000222
2500. mg/L 504 0.00277 0.00000193
5000 mg/L 504 0.00217 0.00000126
.0.8 meq/L 0.00195 0.000000995
4.2 meq/L 0.00195 0.00000106
19.8 meq/L 0.00182 0.000000876
5L1 meq/L 0.00210 0.00000118
103.2 meq/L 0.00415 0.00000439
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ENVIO 1-00325 FEL
One Way Analysis of Variance

Data source: SO21 Root Biomass in 00325_50 21_101613

Normality Test (Shaplro-WlIk) Passed (P 0:485)

Equal Variance Test: Passed (P 0.884)

Group Name N Missing Mean Std Dev SEN!
HS-l 4 0 0.000469 0.000186 0.0000930
100mg B/L 4 0 0.000319 0.000079 0.0000396
10 mg/LS04 4 0 .0.000536 0.000092 0.0000461
250 mg/LS04 4 0 0.000602 0.000187 0.0000936
1000 mg/L 504 4 0 0.000735 0.000139 0.0000696
2500 mg/L 504 4 0 0.000692 0.000062 0.0000311
5000 mg/L 504 4 0 0.000542 0.000167 0.0000837
0.8 meq/L 4 0 0.000488 0.000121 0.0000606
4.2 meq/L 4 0 0.000488 0.000190 0.0000949
19.8 meq/L 4 0 0.000456 0.000122 0.0000609
51.1 meq/L 4 0 0.000524 0.000160 0.0000801
103.2 rneq/L 4 0 0.001040 0.000178 0.0000890

Source of Variation OF 55 MS F P
Between Groups 11 0.00000146 0.000000133 6.158 <0.001
Residual 36 0.00000077 6 0.0000000215
Total 47 0.00000224

The differences in the mean values among the treatment groups are greater than would be
expected by chance; there is a statistically significant difference (P <0.001).

Power of performed test with alpha 0.050: 0.999

Multiple Comparisons versus Control Group (Bonferroni t-test):

Compa rIsons for factor:
Comparison
HS-llis. i03.2 rneq/L
i-lS-lvs. '1000 mg/LS04
H$-l vs. 2500 mg/L 504
HS-1 vs.100 mg ell
HS-l vs. 250 mg/L 504
HS-1VS.5000 mg/L S04
HS'l vS.l0 mg/L 504
HS-1 vs...51.1 rneq/L
HS-l VS.4.2 meq/L
i-lS'1VS.•0.8 meq/L
HS-l VS.19.8 meq/L

Oiff of Means
0.000567
0.000266
0:000223
0.000150
0.000133
0.0000725
0.0000670
0.0000549
0.0000185
0.0000183
0.0000132

t
5.468
2.564
2.150
i.450
1.283
0.699
0.646
0.529
0.178
0.177
0.127

Page 112 of 173

p

<0.001
0.161
0.422
1.000
1.000
'1.000
1.000
,1.000
1.000
'1.000
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P<O,OSO
Yes,
No

Do'NotTest
Do NotTest
Do NotTest
Do NotTest
Do NotTest
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Do Not Test
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ENVIOI-00325 FEL
Descriptive, Statistics:

D'ata soUrce: SO 21 'Shoot length In 00325_50 21_101~13

Column Size Missing Mean Std Dev 'Std. Error C.I. of Mean
HS-l 4 0 3.412 0.53 0,265 0.844
100 mg B/L 4 0 3.32 0.713 0.356 1.134
10 mgfL'S04 4 0 3.143 0.821 0.41 1.306
250 mgfLS04 4 0 3.202 0.2n 0.139 0.441
1000 mgfLS04 4 0 3.151 0.0886 0.0443 0.141
2500 mgfLS04 4 0 2.815 0.131 0.0656 0.209
SOOO.mgfLS04 4 .0 2.565 0.37 0.185 0.589
0.8 meq/L 4 0 2.67 0.611 0.305 0.972
4.2 meq/L 4 0 2A34 0.359 0.18 0.572
19.8 meq/L 4 0 2.325 D;D735 0.0368 0.117
51;1 meq/L 4 0 2A99 0.139 .0.0694 0.221
103.2 meq/L 4 0 1.906 0.0976 ,0.0488 0.155

Colunin Range Max Min Median 25% 75%
HS-l 1.286 4.004 2.718 3.464 3.064 3.761
100 mg B/L 1.536 3.814 2.278 3.594 2.863 3.777
10 mgfLS04. 1.807 4.197 2.391 2.991 2.499 3.787
250 mgfLS04 0.59 3.605 3,015 3.093 3.02 3.383
1000 mgfLS04 0.198 3.232 3.033 3.17 3.084 3.218
2500 mgfLS04 0.309 2.945 2.636 2.839 2.723 2.906
5000 mgfLS04 0.795 3.076 2.281 2.453 2.292 2.838
0.8 meq/L 1.236 3.369 2.133 2.588 2.158 3.181
4.2 meq/L 0.71 2.836 2.127 2.388 2.131 2.738
19.8 meq{L 0.148 2.398 2.25 2.326 2.262 2.387
51.1 meq/L 0.331 2.638 2.307 2.525 2.41 2.587
103.2 meq/L 0.211 2.022 1.811 1.895 1.826 1.985

Column Skewness Kurtosis K-S Dist. K-S Prob. SWllkW SWllk P"rob
HS-l -0.569 lA86 0.249 0.438 0.964 0.804
100 mg B/L -1.722 2.926 0.321 0.159 0.801 0.104
10 mgfLS04 0.733 -1.416 0.243 0.462 0.929 0.587
250 mgfLS04 1.682 2.722 0.308 0.197 0.796 0.095
1000 mgfLS04 -0.913 -0.376 0.229 0.525 0.931 0.602
2500 mgfLS04 -0.988 1.24 0.236 0.495 0.952 0.727
5000 mgfLS04 1.209 0.536 0.26 0.389 0.864 0.274
0.8 mecVL 0.311 -4.169 0.287 0.274 0.866 0.283
4.2 meq/L 0.253 ,,!553 0.297 0.236 0.843 0.204
19.8: meq/L -0.0217 -5:094 0.261 0.382 0.869 0.292
51.1 meq/L -1.07 2.034 0.292 0.254 0.926 0.569
103.2 meq/L 0.378 -3.056 0.247 0.446 0.93 0.593

Column .Sum SUm of Squares
HS-l 13.65 47.421
100 mg B/L 13.28 45.615
10 mgfL'S04 12.57 41.524
250 mgfLS04 12.807 41.232
1000 mgfLS04 12.604 39.739
2500 mgfLS04 11.258 31.739
5000 mgfLS04 10.262 26.736
0.8 meq/L 10.679 29 ..629
4.2 meeVL 9.738 24.095
19.8 meq/L 9.299 21.634
51.1 meq/L 9.996 25.036
103.2 meq/L 7.622 14.554
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One Way Analysis of Variance

Data source: SO'21Shoot Length In 0032S_SD 21_:101613

FEL

NormalitY TMt (5hapiro-Wilkl Passed

Equal Varhinee Test: Failed (P<0.050)

Test execution ended by user request. ANOVAon Rahks begun

KruskaloWallis'One Way Analysis of Variance on Ranks

Data source: SO 21 Shoot Length in 0032S_SD 21.;101613

Group N Missing Median 0.2500 0.7500
HS-l 4 0 3.464 2.891 3.882
100mgBA 4 0 3.594 2.570 '3.7960
10 mglLS04 4 b 2.991 2,445 3.992
250 mglLS04 4 0 3.093 3.018 3.494
1000 mg/L 504 4 0 3.170 3.058 3.225
2500 mg/L 504 4 a 2.839 2.679 2.925
5000 mg/Ls04 4 0 2.453 2.286 2.957
0.8 meq/L 4 0 2.588 2.146 3.275
4.2 meq/l 4 0 2.388 2.129 ,2.787
19.8 meq/L 4 0 2.326 2.256 2.393
51.1 meq/L 4 0 2.525 2.359 2.613
103.2 meq/L 4 0 L895 1.818 ,2.004

H 28.888 with 11 degrees of freedom. (P 0.002)

The differentes In the median values among the treatment groups are greaterthan would b.
expected by chance; there is a statistically significant difference (P 0.O(2)

To isoiate the group or groups that differ from the others use a multlpie'comparison p'rocedure.

Multiple Comparisons versus Control Group (Dunn's Method) :

ComparisOn
103.2 meq/L vs H'S.1
19.8 meq/L vsHS-.1
,4.2 meq/l vs H5.1
51.1 meq/L'vs HS-l
5000 mg/L 504 lis HS"l
0.8 meq/l vs HS-l
2500 mg/L 504 vs HS-l
10 mglL 504 vs HS-l
lObo mg/L504 vs HS"l
250 mglL 504 lis H5-1
106 mg B/Lvs HS-l

Dtff Of Ranks
36.500
26.250
23.250
20.500
19.250
18.25'0
12.750
7.750
3.250
3.250
3.000

Q
3.687
2.652
2.349
2.071
1.945
1.844
1.288'
0.783
,03'28
:0.328
0303

P<O.05
Yes.
No

Do Not Test
Do Not Test
Do Not Test
Do Not.Test
Do Not Test
Do Not Test
'DoNat Test
Db Not Test
Do Not Test
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ENVIOI-00325 FEL
Descriptive .Statlstics:

D~t8sour-ce: SO 21 Root Length In 00325_"50 21_101613

Column Size Missing Mean ,Std Dev .Std. Error C.I.ofMean
H5-1 4 ° 4,495 0,763 0,382 1,215
100 mg B/L 4 ° 2,069 0,076 0,038 0,121
10 mg/L 504 4 ° 5,436 0,399 0,200 0,635
250 mg/L504 4 ° 5,037 OA59 0,230 0,731
1000 mg/L S04 4 ° 4,556 0,184 0,092 0,293
2500 mg/L 504 4 ° 3,984 0,436 0,218 0,693
5000 mg/L 504 4 ° 2,565 0,370 0,185 0,589
0.8 meCi/l 4 ° 5:170 1.104 0552 1,757
4,2 mecVL 4 ° 3,780 OA93 0,246 0,784
19.8 meq/l 4 ° 3,230 0,673 0,336 1,070
51.1 meq/L 4 ° 3,679 0,577 0,289 ,0,919
103,2 meq/L 4 ° 2,862 OA02 0.201 0,640

Column Ranse Max Min Median 25" 75%
H5-1 1,599 4,953 3,354 4,837 4,081 4,909
100 mgB/L 0,163 2,122 1,959 2,098 2,019 2,119
10 mg/LS04 0,862 5,962 5,099 5,341 5,126 5,745
250 mg/L 504 0,997 5,674 4,617 4,899 4,701 5,373
1000 mg/L 504 0,450 4,787 4,336 455O 4,441 4,671
2500 mg/L 504 0,930 4A29 3A99 4,003 3,621 4,346
5000 mg/L 504 0,795 3,076 2,281 2A53 2,292 2;838
0,8 meq/L 2,437 6,139 3,702 5A21 4,327 '6,013
4,2 meq/L '1.176 4,367 3,191 3,780 3,418 4,142
19,8 meq/L 1,424 3,857 2A33 3,315 2,676 3,785
51.1 meq/L 1,255 4,149 2,894 3,837 3,246 4,112
103,2 me~/L 0,931 3,241 2,311 2,947 2,576 3,147

Column Skewness Kurtosis K-S Disl. K-S Prob. SWllkW SWllk Prob
H5-1 -1,964 3,883 0,409 0,018 0,703 0,013
100 mg B/L .1,658 2,633 0,304 0,213 0,810 0,121
10 mg/L 504 0,898 -0,935 0,260 0,386 0,897 0,418
250 mg/L 504 1,244 0.746 0,251 0.426 0,871 0,301
1000 mg/L504 0,183 1,505 0,252 0,424 0,953 0,733
2500 mg/L 504 -0,140 .3,864 0,239 0,480 0,926 0569
5000 mg/L 504 1;209 0,536 0,260 0,389 0,864 0,274
,O,8meq/l -0,942 -oA88 0,242 OA67 0,916 0,515
4,2 meq/L -0,005 0,055 0,142 0,705 1.000 1,000
19,8 meq/L -0,390 -3,390 0,263 0,374 0,909 OA75
51,1 meq/L -1.102 0,084 0,254 0,416 0,887 0,368
103,2 meq/L -1,082 1.081 0.230 0521 0,939 0,650

Column $um :5um of Squares
H5-1 17,981 82517
100 mg B/L 8,277 17,144
10 mg/L504 21,743 118,667
250 mg/L 504 20,148 102,116
1000 mg/L 504 18,224 83,126
2500 mg/L '504 15,934 64,043
5000 ,!,g/L 504 10,262 26,736
0.8 meq/L 20,682 110,589
4,2 meq/L 15,118 57,870
19,8 meq/L 12,921 43,094
51.1 meq/L 14,717 55,148

103,2 ~~/L 11,447 3~,242
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One Way Analysis of Variance

Data source: SD 21 Root Length in 00325_5D 21_101613

Normality Test (Shapiro-Wilk) Passed (P 0.219)

Equal Variance Test: Passed (P 0.2(5)

Group Name N Missing Mean Std Dev SEM
HS-1 4 0 4.495 0.763' 0.382
100mg B/L 4 a 2.069 0.076 0..038
lOing/L504 4 a 5.436 0..399 0.200
250 mg/LS04 4 0 5.037 .0.459 0.230
1000 mg/L S04 4 0 4.556 0.184 0.092
2500 mg/L 504 4 0 3.984 0.436 0.218
5000 mg/L 504 4 0 2.565 0.370 0.185
0.8 rneq/L 4 0 5'.1.70 1.104 0.552
4.2 meq/L 4 0 3.780 0.493 0.246
19.8meq/L 4 0 3.230 0.673 0.336
51.1 meq/L 4 0 3.679 0.577 0.289
103.2 meq/L 4 0 2.862 0.402 0.201

Source of Variation OF 55 MS F P
Between Groups 11 51.116 4.647 14.954 <0.001
Residual 36 11.187 0.311
Total 47 62.303

The differences in the mean values among the treatment groups are ,greater than would be
expected by chance; there is 'a statistically significant difference (P <0.001).

Power of performed test with alpha 0.050: 1.000

Multiple ,Comparisons versus Control Group (Bonferroni t-test):

Comparisons for factor:
Comparison
H5-1 vs.100 mg B/L
HS~1vs. 5dOo mg/L S04
HS'l vs.103.2 meq/L
HS-1'vs. :19.8 meq/L
HS-1vs. 10 mg/LS04
HS-1 vs. 51.1 meq/L
HS-1vs. 4.2 meq/L
HS-1 vs. .0.8 meq/L
HS-1vs.250 mg/L504
HS-lvs. 2500 rrlg/L s04
HS-1VS. 1000 mg/L Sb4

Oiff of Means
2.426
1.930
1.634
1.265
0.940
0.816
0.716
0.675
0.542
0.512
0.061

t

6.155
4.896
4.144
3.209
2.386
2.070
1.816
1.713
1.374
1.298
0.154

p

<0.001
<0.001
0 ..002
0.031
0.247
0.502
0.855
1.000
1.000
1.000
1.000

p<o.oso
Yes
Yes
Yes
Yes
No

Do Nonest
Do Not Test
Do Nonest
Do Nonest
Do Nonest
Do Not Test
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Appendix D. Electronic Raw Data

Page 117 of173



ENVIOI-00325 FEL 

lanKIU water AM I'M Light 
Study (Rep- Bath Temp Temp Intensity pH D.O. Condo 
Dav Treatment #l (C 1 eCl (Cl (lux) (su) (mQ/Ll ORP (llS/em) 

HS-1 1:4 A 22.5 . 12.3 0 7.1 7.3 59.1 528 

0 .. HS-l 1:4 B 22.5 . 12.5 0 7.0 7.0 61.4 530 
HS-1 1:4 i-C 22.5 .. 12.4 0 7.0 7.3 59.7 523 
HS-1 1:4 0 22,5 . 12.4 0 7.0 7.4 51.1 530 
HS,1 1:4 A 22.9 22.8 12.6 0 

1 
HS-1 1:4 B 22.9 22.7 12.5 0 
HS-l 1:4 I-l,; 22.7 22.6 12.5 a 
HS-1 1:4 0 22.8 22.7 12.7 a 
HS-1 1:4 A 22.4 .22.5 12.6 a 

2 
HS-1 1:4 B '22.5 22.5 12.5 a 
HS-1 1:4 i-C 22.6 22.6 12.7 a 
HS-1, 1:4 0 22.5 22.5 12.7 a 
HS-1 1:4 A 22.7 22.7 12.7 a 

3 
HS-1 1:4 B 22.8 .22.7 12.7 a 
HS-1 1:4 i-C 22.7 .22.5 12.6 a 
HS-1' 1:4 -0 22.6 22.7 12.7 a 
HS-1 1:4 A 22.7 22.6 12.6 a 

4 
HS-1 1:4 B 22.8 22.3 12.5 a 
HS-1 1:4 I-C 22.7 '22.7 12.6 a 
HS-1. 1:4 i-D 22.5 22.7 12.7 a 
HS-1 1:4 .A 22.6 22.6 12.7 a 7.1 7.2 61.2 532 

5 
HS-1 1:4 B 22.6 22.6 12.6 a 7.0 7.1 63.5 541 
HS-1 1:4 i-C 22.7 22.6 12.6 a 
HS-1 1:4 0 22.7 22.6 12.6 a 
HS-1 1:4 A 22.7 22.6 12.7 a 

6 
HS-1 1:4 B 22.5 22.5 12.6 a 
HS-1 1:4 i-C '22.6 22.7 12.6 a 
HS-1 1:4 0 22.6 22.6 12.6 a 
HS-1 1:4 A 22.5 22.7 12.7 a 

7 
HS-1 1:4 B 22.7 22.6 12.7 a 
HS-1 1:4 i-C 22.6 22.7 12.6 a 7.0 7.3 61.2 541 
HS-1 1:4 -0 22.6 22.7 12.6 a 
HS-1 1:4 A 22.7 22.7 12.7 a 

'8 
HS-1 1:4 B 22.6 22.5 12.7 a 
HS-1 1:4 I-C .22.6 22.8 12.5 a 
HS-1 1:4 0 22.6 .22.7 12.5 a 
HS-1 1:4 A 22.8 :22.6 12.7 a 

9 
HS-1 1:4 B 22.6 22.8 12.8 a 
HS-1 1:4 i-C 22.8 22.7 12.7 a 
HS-1. 1:4 0 22.9 22.7 12.8 a 
HS-1 1:4 A 22,8 22.7 12.8 4250 

10 
HS-1 1:4 B 22.8 22.7 12.8 4296 
HS-1 1:4 i-C 22.7 22.8 12.7 4296 
HS-1 1:4 0 22.8 22.7 12.9 4312 7.0 7.1 60.7 555 

HS-1 1'04 'A 22.8 22.6 12.6 4312 6.9 7.1 60.4 549 

'11 
HS-1 1:4 B 22.9 .22.8 12.8 4274 
HS-1 1:4 i-C 22.8 22.8 12.7 4261 
HS-1 1:4 0 22.8 22.9 12.8 4280 
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lanKILJ water AM I"'M Light 

StlJdy (Rep- 8ath Temp Temp Intensity pH D.O. Condo 
Dav Treatment #\ (C \ (C) (C) (lux) isu) (mg1!,\ ORP (,e,/em\ 

HS-j 1:4 -A 22.8 22.7 12.5 5710 

'12 
HS-1 1:4 8 22.7 .22.5 12.7 5710 
HS-1 1:4 -C 22.7 22.6 12.6 4690 
HS-1 1:4 D 22.7 22.6 12.7 4690 

HS-1 1:4 A 22.6 22.5 12.7 5320 

13 
HS-1 1:4 8 22.7 22.5 12.7 5320 
HS-1 1:4 -C 22.7 22.7 12.5 5150 
HS-1 1:4 D 22.8 .22.7 12.6 5150 

HS-1 1:4 A 22.8 22.7 12.8 4780 

14 
HS-1 1:4 8 22.8 22.5 12.7 4780 
HS-1 1:4..c 22.8 22.7 12.8 5670 
HS-1 1:4 D 22.8 22.8 12.8 5670 

HS-1 1:4 A 25.3 22.3 12.6 4220 

15 
HS-1 1:4 8 25.3 22.7 12.8 4170 
HS-1 1:4 l-C 24.2 22.4 12.7 4390 
HS-1 1:4 D 24.2 22.8 12.9 4810 

HS-1 1:4 A 23.8 22.6 12.9 4270 

16 
HS-1 1:4 -8 23.8 22.1 12.9 4520 7.1 5.7 58.3 643 
HS-1 1:4 l-C 23.4 22.4 12.8 4940 
HS-1 1:4 D 23.4 22.4 12.8 5200 

HS-1 1:4 A 24.1 22.1 12.7 4360 

17 
HS-1 1 :4 8 24.1 22.2 12.8 4360 
HS-1 1:4 -C 23.7 22.6 12.8 5020 6.8 6.8 58.4 663 
HS-1 1:4 D. 23.7 22.8 12.9 5020 

HS-1 1:4 A 22.8 23.0 12.6 4870 

18 
HS-1 1:4 8 22.8 22.5 12.8 4870 
HS-1. 1:4 -C 22.8 22.9 12.9 5370 
HS-1 1:4 D 22.8 22.6 12.7 5370 

HS-1 1:4 A 24.1 23.0 12.8 5060 

19 
HS-1 1:4 8 24.1 22.9 12.7 4160 
HS-1 1:4 -C 23.7 22.9 12.5 4870 
HS-1 1:4 D 23.7 23.0 12.7 4870 6.9 5.5 60.2 643 
HS-1 1:4 A 24.8 22.6 12.7 4563 

20 
HS-1 1:4 8 24.2 22.5 1.7 4358 
HS-1 1:4 .c 23.2 22.6 12.7 4392 
HS-1 1:4 D 22.7 22.9 12.6 4816 

HS-1 1:4 A 22.7 22.8 12.7 4836 7.0 6.8 61.4 656 

21 
HS-1 1:4 8 22.9 22.6 12.9 4789 
HS-1 1:4 -C 22.8 22.6 12.6 4782. 
HS,l 1:4 D 22.4 22.6 12.8 4265 
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lanK IU water AM t"'M Light 

Study (Rep-Treatment Bath Temp Temp Intenstty pH D.O. Condo 
Dav #) (C) (6 ICI' (Lux) (su) (maIL) ORP Ius/eml 

lOOmi:!L BA-A '22.4 - 12.4 0 7.0 7.3 '58.3 593 

0 100 ma L BA.B 22.4 . 12.4 0 6.8 7.2 69.8 588 
100 ma LSA-C 22.4 . 12.5 0 6.9 7.2 59.2 586 
100 ma L SA-D .22.4 - 12.5 0 6.8 7.3 ,62.6 591 
100 ma L SA-A ll.~ "ELf 12.6 0 

1 
100 lili:l L BA-B 22.8 22.7 12.5 0 
100 lila LBA-C '22.7 22.7 12.6 0 
1.00mg L SA.D 22.7 22.6 12.6 0 
100 ma LSA"A .22.4 22.6 12,7 0 

2 
100 ma L SA-B 22.4 22.6 12.6 0 
100 ma L SA.-C .22.6 22.5 12.5 0 
100 ma L BA-D 22.5 22.5 12.7 0 
lOOmi:lL BA.A '22.8 22.6 12.7 0 

3 
100 lila BA-B 22.7 22.8 12.7 0 
100 ma LBA-C 22.5 22.6 12.6 0 
100 ma L SA-D 22.7 ,22.6 12.6 0 
100 ma L BA"A 22,( 22.7 12.5 0 

4 
100 mi:lL BA-B .22.8 22.6 12.7 0 
100 ma LBA-C 22.6 22.6 12.7 0 
100 ma L SA-D 22.6 22.7 12.7 0 
100 mi:lL SA.-A 22.7 22.5 12.6 0 7.1 7.1 60.9 593 

5 
100 ma L BA-B 22.6 22.7 12.6 0 7.0 7.1 70.2 602 
100 mi:lLSA-C .22.5 22.6 12.7 0 
100 ma L BA -D. 22.6 22.7 12.7 0 
100 ma L SA-A 22.6 22.5 12.6 0 

6 100 mi:lL SA-B 22.6 22.6 12.5 0 
100 ma LBA-C 22.6 22.5 12.7 0 
100 ma L BA-D 22.7 22.6 12.7 0 
100 ma L BA-A .22.6 22.6 12.7 0 

7 
100 ma L BA.B 22.7 22.7 12.7 0 
100 ma LSA-C 22.6 22.7 12.7 0 7.0 7.2 ,58.3 602 
100 ma L BA.D 22.7 22.6 lV 0 
100 ma L BA-A 22.8 22.8 12.6 0 

8 
100 mi:lL BA-B 22.7 22.6 12.7 0 
100 ma LSA-C 22.7 22.7 12.6 0 
100 ma L BA-D 22.7 22.6 12.5 0 
100 lili:l L SA-A 22.7 22.7 12.6 0 

9 100 ma L BA-B 22.7 22.7 12.7 0 
100 ma LSA-C '22.6 22.7 12.6 0 
100 ma L BA-D 22.8 22.8 12.7 0 
100 ma L BA.A :22.7 22.8 12.7 4260 

10 
100 ma L BA'B '22.6 22.7 12.9 4304 
100 lili:l LBA'C :22.8 22.7 12.6 4238 
100 lila BA.D 22.6 22.6 12.7 4308 7.0 7..0 62.5 610 
100 ma L SA-A .22.7 22.6 12.5 '4294 6.9 7.0 49.8 606 

11 
100 mi:lL SA-B 22.7 22.7 12.9 '4282, 
100 ma LBA-C 22,6 22.7 12.6 4272. 
100 ma L BA.D. :22.9 22.7 12.8 4269 
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TailKTlJ Water AM PM Light

Study (Rep-Treatment Temp Temp Intensfty pH D.O. Cond,
Dev #) (C) (C) fLux' . (su) (m9!b) ORP ",,"eml

100 inn BA-A 22.6 22.7 12.7 5600

12
100 mil BA-B 22.6 22.8 12.5 5600
loomnLBA-e 22.7 22.6 12.8 5660
100 m L BA-D 22.7 22.6 12.7 5660
100 mnL SA-A 22.6 22.7 12.7 5550

13
100 m L BA-B ,22,7 22.6 12.7 5550
100 me L BA-e 22,6 22.7 12.6 4930
100 me:L SA-D 22.6 22.6 12.6 4930
100 m L BA-A 22.6 22.8 12.8 5950

14
100 me:L SA-B 22.6 22.8 12.7 5950
100 m BA-e 22.8 22.6 12.8 5470
loomeLBA-D 22.8 22.7 12.6 5470
100 me:L SA-A 23.9 22.1 12.5 4500

15
100 in BA-B 23.9 22.4 12.7 4870
100 mn SA-C 24.3 22.3 12.8 4310
100 mnL SA-D 24.3 23.0 12.8 5120
100 m L SA-A .4 22.4 12.8 4980

16
100 me L BA-B 23.4 22.6 12.8 5210 6.9 5,6 59.2 628
100 me:L SA-e .22.9 22.3 12.8 5400
100 m L SA'D 22.9 22.4 12.7 5450
100 mnL SA-A 24.1 22.9 12.8 5350

17 100 mn BA-B 24.1 22.2 12.8 4360
100 mn L SA-e 22.6 22.4 12.8 5360 6.7 6.7 57.2 649
100 me LBA-D 22.6 22.7 12.9 5360
100 m L SA-A 22.8 22.5 12.7 5420

18 100m SA-B 22.8 23.2 12.9 5420
100 me BA-e 22.4 22.7 12.8 5360
100 n1r L SA-D 22.4 23.0 12.7 5360
100 m L SA-A 24.6 23.0 12.7 4130

19
100 mn SA-S 24.6 22.8 12.6 5310
100 m L SA-e 23.1 22.8 12.6 4960
100 mn SA-D 23.1 22.8 12.8 4960 6.9 5.5 58.1 648
100 mn L SA-A 24.8 22.8 12.6 4628

20
100 m L BA-B 24.1 22.6 12.7 4270
100 ma SA-e 23.5 22.7 12.8 4485
100 mn L BA-D 22.8 22.7 12:7 4929
100 m L BA-A 22.8 22.6 12.8 4928 6.9 6.3 58.1 649

21 100 ma SA-B 22.8 22.7 12.9 4886
100 ,;:;;:;n SA -e 22.6 22.7 12.7 4936
100 m ,n BA-D 227 22.7 12.9 4871
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lanK 10 Water AM I'M Ughl 
Study (Rep-T~almenl Bath Temp Temp Inlenslty 

I~l 
0.0. Condo 

Oav Studv Oate IC I ICI' ICI' ILuKI. .JmalLI ORP Iu."eml 
10 maL 504-A 22.5 . 12.3 '0 6.9 7.5 57.2 512 

0 91412013 
10 maL 504-B 22.5 - 12.4 0 7.0 7.0 '61.1 523 
10 m L 504-e 22.5 . 12.4 0 7.0 ,7.2 56.9 508 
10 maL 504.0 22.5 . 12,4 '0 7.0 7.1 65.3 516 
10 m L S04.A '22.8 22.7 12.7 0 

1 91512013 10 maL 504.B 22.9 22.8 12.6 ,0 
10 maL 504-e 22:7 22.7 12.6 0 
10 m L 504.0 22.8 22.7 12.7 0 
10 maL 504.A 22.4 22.6 12.6 0 

2 91612013 10 maL504.B 22.4 22.5 '12.6 0 
10m L504-e 22.5 22.5 12.6 '0 
10 maL 504-0 ,22.5 22.5 12.6 0 
10 maL 504-A 22.5 22.5 ,12.6 0 

3 9nl2013 
10m L504-B ,22.5 22.6 12.7 0 
10 maL 504-e '22.5 22.6 12.7 0 
10 maL 504-0 122.6 22.6 12.7 ,0 
10 m L 504.A ,22.6 22.5 12.7 0 

4 918i2013 10 maL 504.B 22.7 22.7 12.6 0 
10m L504-e '22.7 22.6 12.7 0 
10 maL 504-0 22.6 22.6 12.6 0 
10 maL 504-A 22.6 22.7 12.6 0 7.0 7.1 .56:4 521 

5 91912013 
10 maL 504.B 22.7 22.5 12.5 ,0 6.9 7.0 70.5 539 
10 maL 504-e 22.4 22.7 12.7 0 
10 maL 504.0 22.7 22.7 12.6 .0 
10m L504.A ,22.5 22.6 12.6 0 

6 9110/2013 10 maL 504.B '22.7 22.6 '12.6 '0 
10 maL 504-e 22.7 22.5 12.5 0 
.10m L504.0 22.8 22.6 12.7 '0 
10 maL 504.A 22.5 22.6 12.8 0 

7 91111201~ 10 maL 504-B 22.6 22.7 12.8 0 
10m L504-e 22.7 22.6 12.7 ,0 7.1 7.2 55.4 540 
10 maL 504.0 22.6 22.7 12.7 0 
10 maL 504.A 22.5 22.7 12.7 ,0 

8 911212013 
10 maL 504.B 22.8 22.7 12.6 0 
10 maL 504-e 22.7 22.7 12.6 0 
10 maL 504-0 22.6 22.7 12.6 '0 
10 maL 504-A 22.7 22.6 12.7 0 

9 911312013 10 m L 504.B 22.8 22.8 12.8 ,0 
10 maL 504-e 22.7 22.8 12.7 '0 
10m L504-0 '22.7 22.8 12.8 0 
10 m L 504.A 22.8 22.6 12.8 4238 

10 911412013 10maL 504.B 22.8 22.8 12.8 4288 
10 maL 504 -e .22.9 22.8 12.8 4251 
10 maL 504.0 22,7 22.6 12.8 4294 7.0 7;0 ,63.4 :552 
10m L504-A 122.6 22.5 12.6 '4289 7.0 7.0 ,50.3 ,546 

11 911512013 
10 maL 504-B 22.8 22.6 12.7 4350 
10 m,aL504-e 22.9 22.7 12.5 4285 
10 m L 504.0 22:7 22.8 12.8 4321 
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)

TenklD Water AM •..M .. Ught
Stud)' (Rep-Treatment Bath Temp Temp Intensity pH D.O. COnd.
Day ,Studv Dale #) I C \ (C) (C) fLux) (5UJ_ _(mg{LI ORP .I"-,,/anl

10 mal 604.;<\ '22.8 22,7 12.6 5820

12 9/1612013 10 moL 604.B .22.7 22.8 12.6 5820
1o mal 604 -e . 22.8 22.6 12.7 5210
10 maL 604-0 22.6 22.8 12.8 5210
10 moL 604.A 22.7 22.7 12.6 5880

13 .9/1712013' 10mL604-B .22.6 22.8 12.5 5680
10 moL 604-e '22.5 22.8 17.8 '4820
10m L604.0 .22.7 22.7 12.8 4870
10 maL 604-A .22.7 22.8 12.8. 4610

14 .9/18i2013 10 maL 604.B 22.7 22.6 12.6 4610
10 moL 604-e '22.5 22.6 12.5 4300
10 mal 604-0 22.8 22.6 12.6 4300
10 maL 604-A .23.8 22.3 12.7 4180

15 9/1912013 10 rnoL 604 -B ,23.8 23.0 '12.9 '4020
10 maL 604-e .23.1 21.6 ,12.6 4150
10 maL 604-0 23.1 22.1 12.8 4110
10 moL 604-A .23.3 21.8 12.8 4170

16 912012013 10m L604-B '23.3 22.2 12.8 4040 7.0 5.6 60.1 ,539
10 maL 604-e 23.1 22.3 12.8' 4010
10 maL 604.0 22.9 22.4 12.7 5450
10m'L604-A ,23.7 22.2 12.8 4520

17 912112013 10 maL 604-B 23.7 22.3 '12.7 4520
10 maL 604-e 21.3 21.6 12.7 4850 6.7 6.9 .59.6 '631
10 moL 604.0 21.3 21.7 12.8 4850
10m L604-A .22.3 22.5 12.6 4130

18 9/2212013 10 maL 604.B '22.3 22.3 12.8 4130
10m L604.C 22.3 22.6 12.8 5140
10m L604.0 22.3 21.9 12.9 5140
10 maL 604.A .23.1 22.9 12.5 5630

19 912312013 10 moL 604.B '23.1 22.8 12.8 4720
10 maL 604-e .23.1 22.7 12.8 4620
10 mal 604-0 '23.1 22.6 12.6 4170 6.6 5.5 ,59.2 632
10 mol 604.A 24.6 22.9 12.6 4374

20 9/2412013 10 m L604.B 24.0 22.7 12.8 4588
10 maL 604-e 23.4 22.6 12.6 4716
10 maL 604-0 22.9 22.8 12.8 4763
10m L604-A 22.7 22.7 12.7 4614 6.9 6.4 59.8 638

21 9/2512013 10 maL 604-B 22.5 22.8 12.6 4929
10 maL 604-e 22.7 22.8 12.5 4583
10 mol 604.0 22.6 22.8 12.8 4919

Page 123 of173



ENVIOI-00325 FEL 

Tonk 10 Weter AM PM Ught 
Study (Rep..Treatment Bath Tomp Torre> Intensity pH 0,0, C",d, 
Dav Studv Date #\ f C \ ICI fCI fLux\ fsul ImolU ORP f""em\ 

250 mliLS04-A ,22,6 - 12,5 0 7.0 7.2 50.1 1741 

0 9/412013 
250 m L,S04-B 22.6 - 12.5 0 7.0 6.9 57.3 1693 
250 mQLS04 -e 22.6 - 12.5 0 7.0 7.2 57.4 '1623 
250 maLS04 -0 22.6 - 12.5 0 7.1 7.2 55.7 '1713 
250 m LS04-A ,22.8 22.7 12. 0 

1 '9/512013 250 maLS04.B ,22.8 22.7 12.6 0 
250 maL S04 -e 22.8 22.7 12.6 0 
250 mQLS04 -0 22.6 22.5 12.6 0 
250 maL S04 .A 22.5 .22,5 12.6 0 

2 91612013 
250 maLS04 -8 22.4 22.5 12.7 0 
250 maL 'S04 -C ,22.5 22.6 12.7 0 
250 maL :S04 -0 '22;6 22.6 12.6 0 
250 m LS04,A 22.6 22.4 12.7 0 

3 91712013 250 maLS04 -8 22.7 22.5 12.6 0 
250 maLS04 -C ,22.6 22.6 12,6 0 
250 m L'S04 -0 22.7 ,22.7 12.5 0 
250 maL'S04 -A 22.6 22.6 12.7 0 

4 9;812013 250 maL S04 -8 22.6 22.7 12.6 0 
250 maL S04 -C 22.6 22.6 12.6 0 
250 maL 504 -0 22.6 22.6 12.6 0 
250 maL'S04-A 22.7 22.7 12.7 0 7.0 7.0 ,60,1 1732 

5' 91912013 250m LS04-B 22,7 22.6 12.6 0 6,9 7.0 69.8 1725 
250 maLS04 -e 22,6 22.7 12.6 0 
250m LS04-0 22,5 22.6 12.7 0 
250 maL 504 -A 22.7 22.6 12.5 0 

6' 9/1012013 250 maL S04 -8 22.7 22.7 12.6' 0 
250 maL 'S04 -C 22.6 22.6 12.6 0 
250 m L S04-0 22,6 22.7 12.6 0 
250 maL 'S04 -A 22.6 22.7 12.7 0 

7 9/1112013 250 moL'S04 -8 22,6 22.5 12.7 0 
250 mal'S04 -e 22.7 22.6 12.5 0 7.0 7.1 56.1 1767 
250 maL S04 -0 22.7 22,6 12.6 0 
250 moL 504 .A 22.6 22.7 12.7 0 

8 9/1212013 250 maL 504 -8 22.7 22.7 12.7 0 
250 maL'S04 -C 22.7 22.5 12.7 0 
250 maL 504 -0 22,7 22.5 12.8 0 
250 m L S04-A 22,8 22.5 12.6 0 

9 9/1312013 250 maL S04 -8 22.8 22.7 12.7 0 
250 maL S04 -e 22.8 22.9 12.8 0 
250 m L S04-0 22.8 22.7 12.3 0 
250 mQLS04 -A 22.7 22.7 12.8 4255 

10 9/1412013 250 maL :S04 -8 22.9 22.7 12.7 4259 
250 maL 504 -C 22.7 22,8 12.6 4274 
250m L504-0 22.8 22,7 12,7 4286 6,9 6,9 61 1694 
250 maL S04 -A 22.8 '22.7 12.5 4311 7.0 7.0 52.5 1708 

11 9/1512013 250 mal'S04 -8 22,9 22.5 12.8 4340 
250 m L S04 'C 22.7 22.8 12,6 4270 
250 maL 504 -0 , 22,6 22.8 12.7 4099 
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TenklD Water AM' "'PM . Ughl

Study
stu"" Oat.

(Rep-T~~alm.nl T~;'P T~~ In):,,,::1y
,~~\ I~'~'\ ,:~\Oa'- Lux mnll 9.RP

250 moL504-A 22.7 22.6 12.8 5960

12 .9/1612013 250 mnL504 -B 22.8 22.5 12.8 5960
250 m L504-C 22.5 .22.7 12.7 5330
250 mnL'504 -0 22.8 22.5 12.6 5330
250 mnL '504 ,A 22.8 22.6 12.8 .. 4940

13 9/1712013 250m L504-B 22.5 22.6 12.7 4940
250 mnL504 -C 22.7 22.6 12.7 5610
250 m L'504-0 22.7 .22.7 12.7 5610
250 meL'504 ,A 22.8 22.8 12.8 5560

14 9118J2013 250 meL 504 -B 22.8 22.8 12.6 5560
250 riV'L504 -C 22.8 22.8 12.8 5460
250 m L'504 -0 22.5 22.8 12.5 5460
250 moL'504 -A 23.4 .22.4 12.7 4980

15 '911912013 250 riV'L504 -B 23.4 '21,6 12.8 4380
250 meL'504 -C 23.2 22.4 12.7 4600
250 mnL504 -0 '23.2 21;9 12.7 5790
250 riV'L:504 -A 22.7 22.7 12.7 5450

16 9i20J2013 250m L'504-B 22.7 '22.6 12.8 4360 6,7 6.0 62.3 1743
250 mnL'504 -C 22.6 22.6 .12.7 5400
250 mnL 504 -0 22:6 22.6 12.8 4180
250 m L504-A 22.9 22.2 12.7 5950

17 9i2112013 250 meL 504 -B 22.9 22.1 12.6 5950
250 mnL'504 -C 21.4 21;6 12.7 5500 6.8 7.0 58.9 1768
250 riV'L504 -0 21 4 21.4 12.8 5500
250 m L,504-A 22.2 22.4 12.8 5330

18 ,912212013 250 mnL504 -B 22.2 .22.4 12.8 5330
250 riV'L504 -C 22.3 22.4 12.7 5900
250 m L504-0 22.3 22.4 12.8 5900
250 meL 504 -A 23.2 22.8 12,6 5420

19 912312013 250 mnL504 -B 23.2 22.4 12.7 4810
250 m L504-C 22.6 22.7 12,6 5100
250 meL 504 -0 22.6 22,5 12,8 4730 6,6 6,2 57.1 1784
250 mnL 504 -A 24.6 22.8 12.5 4581

20 912412013 250 m L'504 -B 24.3 22.7 12.6 4723
250 meL 504 -C 23.6 22.7 12.9 4552
250 mnl. '504 -0 23,3 22-:7 12.9 4819
250 riV'L504 ,A 22,6 22.7 12.5 4583 6.8 6,2 ,51,4 1780

21 912512013 250 m L'504 'B 22,6 22.9 12.7 4685
250 mnL 504 -C 22.8 22.7 12.7 4691
250 rilnl. 504 -0 22,8 22.5 12.6 4821
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study
Dav

o

2

3

4

5

6

7

B

9

10

11

Tank 10
study Date Rep..Treatment #

1000 m L S04-A
9/412013 1000 m L S04-B

9/&2013 1000 maL S04-<:
1000 maL S04-D
1000 m L S04-A

9/&2013 1000 m LS04-B

~1~~1~
1000 m~L S04-A

91712013 1000 m L S04-B~1i~~
1 m~

'9/812013 1000 m L S04-B
1000 maL S04-C
1000 maL S04-D
1000 m L S04-A

9!9i2013 1000 m L S04-B
1000 m L S04-C
1000m
1000 m L S04-A

9/1012013 1000 m L S04-Blam
9/1112013 1000 maL S04-B

1000 maL S04-C
1000m LS04-O
1000 maLS04-A

9/1212013 1000 maL S04-B
1000 maL S04-C
1000 m L S04-O
1000 maL S04-A
1000 m L S04-B

9/13/2013 11~ maL S04-C
1 m SO
1000 maL S04-A
1000 m L S04-B

9/1412013 1000 maL S04-C
1000 m L S04-O
1000 maL S04-A
1000 m L S04-B

9/1512013 1000maL S04-C
1000 maL S04-O

water
Bath
(C)
22,5
22,5
22,5
22,5
22,6
22,8
22,7
22,7
22,4
22,5
22,6
22,6

22,8
22,7
22,8
22,~
22,7
22,6
22,7
22,7
22,6
22,6
22,6
22,6
22,6
22,7
22,5
22,
22,7
22,6
226
22.7
22.6
22 ..7
22,6
22,7
22,7
22,6
22,8
22,9
22,8
22.5
22.8
22,9
22,8
22.8
22.8

22.6
22.7
22,7
22.6
22.4
22.6
22.6
22.6
22.6
22.8
22,6

22,6
22.8
22.7
22.8
22.6
22.7
22.6
22.6
22,7
22,6
22.6
22.7
22.
22,6
22,7
22,5
22.6
22.8
22.6
.6

22.8
22,8
22,7

22,8
22.9
22.7
22,5
22.8
22.9
22.8
22.7

PM
Temp
IC)'
124
125
125

1
127
125
12.8
126
125
127
127
126
12,6
126

126
127
127
127
126
126
126
126
126
126
126
127
12
127
127
127
127
12,6
127
12.6
128
128
126
128
127
128
126
129
127
129
126
128

Light
Intensity

(Lux'
o
o
o

o
o
o
o
o
o
o
'0
o
o
o

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

4380
4302
4241
4290
4308
4330
4255
4283

l~l
7,0
7.0
7.0

7,0
7.0

7.0

6:9
6,9

0,0.
(maiL)
7.3
6.9
7.2

7,1
7,1

7,0

7.1
6.9

'ORP
54.5
58.9
01.5
1.

57.3
71.3

53,9

59.6
55.6

Cond,
(,wan)
2740
2753

2i!::

2759
2736

2773

2793
2780
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ENVIOI-00325 FEL
water AM I'M Ugh!

~y Tank 10 Bath Temp Temp Intenslty pH D.O. Condo
SWdvOate ~Treatm""t# ICI (C) (C)' (Lux) (su) (mg1Ll ORP Ius/ant

1000 maL S04-A 22. 22.5 127 5430

12 9/1612013 1000 m LS04-B 22.6 22.6 127 5430
1000 moL S04-C 22.6 22.8 12.6 5470
1000 maL S04-D 22.6 22.7 128 5470
1000 moL SOM 22.7 22.8 127 5310

13 9/1712013 looom LS04-B 22.8 22.6 126. 5310
lOOOm LS()4.C 22.7 22.9 127 5580,
1000 ma .S04-D 22.5 22.8 12.6
lOOOm LS04-A "-'.0 22.7 127 4690

14 9/1612013 1000 moL S04-B 22.6 22.6 128 4690
looom

L~m:
22.6 22.8 128 5630

looom 22. 12 5630
1000 m se 22.8 12.8 4370

15 9/1912013 1000 ,m LS04-B 23.9 21.5 128 4210
1000 maL S()4.C 23.3 21.9 12,8 4500
1000 m LS04-D 23.3 21.8 125 4370
1000 maL S04-A 22.9 22.8 127 4180

16 912012013 1000 m LS04-B 22.9 22.8 12.9 4010 6.5 5.6 57.6 2841

~ooo~OLS~ 23.4 22.4 126 4340
12

1000 moL S04-A 22.1 127 4980

17 912112013 1000 m LS04-B 23.0 22.1 12,8 4980
1m LSO~ 21.3 21.7 12,8 5630 6,8 6,8 59.1 2875

mL~ 213 21,6 12.7 5830
1000 m .se 22,6 22,4 12

18 912212013 l000m LS04-B 22,6 22,4 12,7
l000m LS()4.C 22,7 22.6 12,8 5780
1000 m LS04-D 22,7 22.3 12,7 5780
1000 moL S04-A 22,6 23,0 12,7 5710

19 912312013 1000 moL S04-B 22.6 22.3 12,7 4990
1000 maL S()4.C 22,4 22,6 128 5030
1000 moL S04-0 22,4 22,5 126 4520 6,2 5,6 56,5 2904
1000 m LS04-A 22,6 127 4368

20 912412013 1000 moL S04-B 24,2 22,8 127 4819
1000 moL S()4.C 23,4 22,5 127 4819
1000 moL S04-D 23,8 22,8 12 12
1000 maL SOM 22,5 124 4929 6,8 6.2 61.6 2916

21 912512013 1000 moL S04-B 22,7 22,8 12,7 4781
1000 maL S()4.C 22,6 22,8 126 4633
1000 moL S04-D 22.7 22,7 12,7 4586
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ENVIOI-00325 FEL
water AM PM Ugh!

study Tonk 10 Bo1h Temp Temp Intenslty pH
(~~)

Cond.
OOy' study Doto ReD-Treo1ment # (C) (Cl (C) (Lux) . (SU) ORP (ua/an)

2500 m LS04-A 22.5 12.5 0 7.0 7.2 55.6 4236

0 2500 m LS04-B 22.5 125 0 6.9 6.9 51.4 4248

WN2013iill 22.5 125 0 7.0 7.0 60.9 llit22.5
22.9 22.7 12.7 0

1 W5I2013 2500 m LS04-B 22.9 22.6 127 0
2500 maL S04-C 22.8 22.8 125 0
2500 maL S04-O 22.7 22.6 127 0
2500 maL S04-A 22.5 22.5 125 0

2 W6I2013 2500 m LS04-B 22.4 22.5 126 0

~~TS04-C 22.6 12.7 0
22.6 12.7 0

2500~C= 'EL. { 22.6 12.6 0

3 W7i2013 2500 m LS04-B 22.7 22.6 125 0

jiTS04-C
22.7 22.5 127 0

2500~.

22.7
22.6 22.5 12.7 0

4 W6I2013 22.8 22.7 12.7 0
2500 maL S04-C 22.6 22.7 127 0
2500 maL S04-0 22.6 22.7 12.7 0
2500 m LS04-A 22.6 22.7 12.6 0 7.1 7.1 55.6 4228

5 WW2013 2500m LS04-B 22.7 22.6 126 0 7.0 7.1 70.1 4210

I~~ml
22.6 22.6 125 0
22.7 22. 12.7 0

2500~C LS04-A 22.7 127 0

6 9/1012013 2500 m LS04-B 22.6 22.7 12.6 0

I~~m4-C 22.7 22.7 127 0
227 12.

2500m LS04-A 22.6 22.6 12.7 0

7 9/1112013 2500m LS04-B 22.8 22.7 12.6 0
2500 maL S04-C 22.6 22.6 12.6 0 6.9 7.1 67.2 4270
2500 m LS04-O 22.7 22.6 12.7 0
2500 maLS04-A 22.7 22.7 12.6 0

8 9/1212013 2500 m LS04-B 22.7 22.6 12.6 0
2500 maL S04-C 22.6 22.7 12.6 0
2500 m LS04-O 22.7 22.7 12. 0
2500 maL S04-A 22.7 22.7 12.7 0

9 9/1312013 2500 m LS04-B 22.6 22.7 12.8 0
2500 maL S04-C 22.7 22.5 125 0
2500m SO 22.7 .6 12 0
2500 maL S04-A 22.8 22.7 12.8 4270

10 9/14i2013 2500 maL S04-B 22.6 22.8 12.7 4285
2500 maL S04-C 22.6 22.7 12.7 4279
2500 maL S04-O 227 22.6 128 4298 6.8 7.2 55.2 4288
2500 maL S04-A 22.8 22.7 127 4279 6.9 6.9 50.9 4266

11 9/1512013 2500 maL S04-B 22.8 22.8 127 4331
2500 m LS04-C 22.9 22.7 12.7 4267
2500 maL S04-O 22.7 22.8 126 4219
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ENVIOI-00325 FEL 
water AM PM Ugh! 

study Tank 10 Ba1h Temp Temp IntensIty pH D.O. Cond. 
Day study Da1e R~ Trea1ment #) IC' 1C) ICI (lJJXl (su) ...1!l!9!L) ORP (,wan) 

2500 mQL SQ4.A 22.6 22.8 127 5520 

12 9/1612013 
2500 m L S04-B 22.6 22.7 12.7 5520 

~maLSQ4.C 22.6 22.7 12.7 4980 
2 mQLS04-D 22.7 22.6 127 4980 

2500 m L SQ4.A 22.5 22.6 126 5170 

13 9/1712013 2500m LS04-B 22.7 22.7 12.8 5170 
2500m LSQ4.C 22.8 22.5 

~ ~ 
m 22.6 .7 

2500m LSQ4.A 22.7 125 5350 

14 9/1812013 2500 m L S04-B 22.8 22.8 128 5350 mHi: 22.8 22.6 127 :i2 m 22.6 22. 128 

2 m LS .2 1.9 126 

15 9/1912013 2500m LS04-B 23.2 22.3 127 4470 
2500 m L S04-C 23.4 22.4 12.7 5550 
2500m LS04-D 23.4 22.9 126' 5350 

2500m LSQ4.A 23.4 22.1 128 4020 

16 912012013 2500m LS04-B 23.4 21.8 12.9 4120 6.4 5.7 59.4 4752 
2500 maLSQ4.C 23.1 22.4 12.7 4770 

~m S 23.1 12 1 

2500 maL SQ4.A 22.9 22.0 12.8 4950 

17 9/2112013 
2500 m L S04-B 22.9 22.4 12.8 4950 
2500 m L S04-C 21.5 22.1 128 5500 6.6 6,5 60,3 4802 

m L 21.5 21.7 12.7 :>6otl 
m LSQ4.A 22.1 22.3 1 . 

~ 18 9=13 
2500m LS04-8 22,1 22.3 127 
2500m LS04-C 22.5 23.0 128 5560 
2500 mQL S04-D 22.5 22,8 12.7 5560 

2500 maL S04-A 22,8 22.9 128 5320 

19 9/2312013 
2500 mQL S04-B 22.8 22.3 128 4630 
2500 m L S04-C 22.6 23.0 126 4760 
2500 maL S04-D 22.6 22.3 128 4600 6,2 5,7 55,3 4823 

2500 m L SQ4.A 4.4 22.7 125 4472 

20 9/2412013 
2500 maL S04-B 24.1 22.8 128 4924 
2500 m L S04-C 22.9 22.5 128 4710 
2500 maL S04-D 23,9 22.7 126 4728 

2500 m L S04-A 22, 22.6 126 4968 6.6 6.0 .65,8 4884 

21 9/2512013 2500 maLS04-8 22.8 22.7 128 4928 
2500 mQL S04-C 22.7 22.7 127 4915 
2500 maL S04-D 22,8 22.8 12.7 4842 
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WIlter AM PM Ught

Study T.r* 10 Beth Temp Temp Intensity pH D.O. Cond.
Dev Studv 081. Re<>-Treatment # t C 1 (C) (C) (Lux) , (SU) (maiL) ORP (oWan)

5000 m LS04-A 22.6 . 12.4 0 6.9 7.2 51.9 8351

0 91412013 5000m LS04-B 22.6 . 12.6 0 6.9 7.0 57.6 8364
5OO0m LS04-C 22.6 . 12.0 0 6.9 7.1 65.8 :!!::l5000m S04-D :i6 . 6.

~m '.8 Zl.5 12.0 0

1 91512013 5000 maL S04-B 22.8 22.7 12.6 0
5000 maL S04-C 22.6 22.7 12.6 0
5000 m LS04-D 22,8 22.6 127 0
5000 m L S04-A '.4 22.6 12.5 0

2 91612013 5000m LS04-B 22.5 22.4 126 0
5000m LS04-C 22.5 22.6 126 0
10ll0Um 0 225 Zl.5 12.5 0
5000m LS04-A 22.7 127 0

3
.9n12013jji

22.6 22.7 12.6 0
22.6 22.6 12.6 0
22.6 1 .
Zl.5 22.7 12.7 0

4 91612013 5000 m LS04-B 22.5 22.6 127 0
5000 maL S04-C 22.6 22.5 126 0
5000 m LS04-D 22.6 22.6 126 0
5000 maL S04-A 22.7 22.7 12.7 0 7.0 7.0 57.4 8372

5 91912013' 5000m LS~ 22.6 22.5 127 0 6.9 7.0 69.4 8356
5OO0maLS04-C 22.7 22.6 126 '0

maL /;U4-U 227 Zl.8 12.8 0
5000 maL S04-A 22.6 126 0

6 9/10f2013 5000m LS~ 22.7 22.5 12.5 0

iE~i~22.6 22.6 126 0
22.6 22.6 12

m 5 22.6 22.6 12. 0

7 9111f2013 5000 maL S04-B 22.7 22.5 126 0
5000 maL S04-C 22.7 22.6 127 0 6.9 6.9 60.9 8390
5000 maL S04-D 22.6 22.6 126 0
5000 m LS04-A 22.8 22.7 12.7 0

8 9/12f2013 5000 m LS04-B 22.8 22.6 12.6 0
5000m LS04-C 22.7 22.7 12.6 0
5000m LS04-0 22.6 22.7 12.7 0
5000m LS04-A Zl.1 22.6 126 0

9 9/13f2013 5000 maL S04-B 22.7 22.6 12.6 0
5000 maL S04-C 22.8 22.8 12.7 0
5000m SOW 22.6 12.8 0
5000 maL S04-A 22.7 22.8 12.9 4275

10 9/1412013 5000 m LS04-B 22.7 22.8 128 4291
5000 maL S04-C 22.8 22.9 129 4294
5000 m LS04-D 22.9 22.8 127 4312 6.8 7.0 60.8 8402
5000 maL S04-A 22.7 22.8 128 4285 6.8 6.9 49.8 8398

11 9/15f2013 5000m L~ 22..7 22.8 128 4286
5000 maL S04-C 22.5 22.6 12.7 4273
5000 m LS04-D 22.6 22.9 127 4271
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.-.....

, .

VIIater AM PM Ugh!
study Tank 10 Bath T"",p T"",p Intensity pH D.O. Cond.
Day study Date (R~ Treatment # I C \ (C) IC) (Lux) . (suI .J!!!9!b) ORP Ius/an)

5000 mal S04-A 22.8 22.6 125 5690

12 9/1612013 5000 m l S04-B 22.6 22.7 127 5690
5000 mal S04-C 22.8 22.7 126 4710
5000 mal S04-D 22.8 22.7 127 4710
5000 mal S04-A 22.6 22.7 127 5610

13 9/1712013 5000ma l S04-B 22.7 22.8 126 5610
5000m lS04-C 22.6 22.7 128 4990
~ma .S04-D 22.8 22.5 127
5000m lS04-A ;<L.b . 22.8 127 5650

14 9/1612013 5000 m l.S04-B 22.6 22.6 126 5650,
5000m lS04-C 22.6 22.8 126 :I:m lS04-D :fi: 28
ootJ m S04-A 22.8 12.8

15 9/1912013 5000m l S04-B 23.6 22.4 129 4880
5000 mal S04-C 23.1 22.8 127 4490
5000 m l S04-D 23.1 22.9 126 4920
5000 mal S04-A 22.6 22.9 128 5100

16 912012013 5000 mal S04-B 22.6 22.7 128 5130 6.5 5.6 58.2 8746

r~alse
22.9 22.8 .127 4110
22.9 12

5000 mal S04-A 22.9 22.8 128 5580

17 9fll12013
5000 m l S04-B 22.9 22.3 129 5680
5000 m l S04-C 21.8 22.2 127 4570 6.6 7.0 623 8812
000ll m lS04-D 218 21.9 12.8 4570

~m .9 22. 128

18 9=13 5000m lS04-B 22.9 22.6 128
5000m lS04-C 23.0 22.5 128 5380
5000m lS04-D 23.0 22.3 128 5380
5000 mal S04-A 22.3 22.3 125 5010

19 9fl3l2013 5000 mal S04-B 22.3 22.1 126 4170
5000 m l S04-C 22.7 22.0 126 4210
5000 mal S04-D 22.7 22.1 128 4700 6.4 5.5 59.8 8801
5000 m l S04-A 24.6 22.8 126 4581

20 9fl412013 5000 mal S04-B 24.2 22.7 126 4629
5000 m l S04-C 22.8 22.6 126 4623
5000 mal S04-D 24.1 22.8 126 4632
5000 m l S04-A 22.8 12.7 4584 6.5 6.0 67.3 8886

21 9fl512013 5000 mal S04-B 22.9 22.6 128 4446
5000 mal S04-C 22.5 22.6 12.8 4612
5000 mal S04-D 22.7 22.6 129 4935
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L 

TanklD 
(Rep- Waler AM PM Light 

StlJdy Treatment Bath Temp Temp Intensity pH D.O. Cond. 
Dav studv Dale #1 (C I (Cl (Cl (LUXI (suI (mall I ORP lu.rIcml 

0.8 meaL-A 22.7 - 12.4 0 7.0 7.0 53.8 642 

0 9/412013 
0.8 me L.B 22.7 - 12.7 '0 7.0 7.0 58.9 651 
0.8 me L-G 22.7 - 12.4 0 7.0 7.0 51.3 675 
0.8 me L-D 22.7 - 12.5 :0 7.0 7.0 55.8 669 
0.8 me L-A .9 22. 12.6 0 

1 91512013 
0.8 meaL-B 22.8 22.8 12.6 0 
0.8 meaL-G 22.7 22.6 12.6 0 
0.8 meaL-D 22.7 22.7 12.8 0 
0.8 meaL-A 22.5 22.5 12.5 0 

2 91612013 0.8 meaL-B 22.56 22.5 12.6 0 
0.8 meaL-G 22.5 22.6 12.6 '0 
0.8 me L.D 22.7 22.6 12.6 0 
0.8 meoL-A 22.6 22.6 12.5 0 

3 91712013 
0.8 meaL-B 22.7 22.7 12.8 0 
0.8 meaL-G 22.5 22.7 12.6 0 
0.8 meaL-D 22.7 22.6 12.7 0 

0.8 meaL-A :a.b 22.6 12.6 0 

4 91812013 
0.8 meaL-B 22.6 22.7 12.7 0 
0.8 meaL-G 22.7 22.6 12.6 0 
0.8 meoL-D 22.7 22.5 12.7 0 
0.8 meaL-A 22.7 22.6 12.7 0 6.9 7.2 51.3 691 

5 91912013 0.8 meaL-B 22.7 22.6 12.7 0 6.9 7.0 65.2 659 
0.8 meaL-G 22.6 22.5 12.5 0 
0.8 meaL-D 22.6 22.7 12.8 0 

0.8 meaL-A 22.6 22.5 12.5 0 

6 9/1012013 
0.8 meoL-B 22.7 22.6 12.5 0 
0.8 meaL-G 22.5 22.6 12.6 0 
0.8 meaL.D 22.7 22.6 12.7 0 

0.8 meaL-A 22.6 22.7 12.6 0 

7 9/1112013 0.8 meaL-B 22.6 22.6 12.7 0 
0.8 meaL-G 22.6 22.7 12.7 0 6.9 7.0 58.7 702 
0.8 meaL-D 22.7 22.7 12.7 0 

0.8 meaL-A 22.6 22.7 12.6 0 

8 9/1212013 
0.8 meaL-B 22.7 22.5 12.7 0 
0.8 meaL-G 22.7 22.5 12.5 0 
0.8 me L-D 22.7 22.6 12.8 0 

0.8 meoL-A 22.8 22.7 12.8 0 

9 9/1312013 
0.8 meaL.B 22.6 22.8 12.7 0 
0.8 me L-G 22.9 22.7 12.8 0 
0.8 me L-D 22.8 22.7 12.7 0 
0.8 me L-A 22.8 22.6 12.7 4194 

10 ,9/1412013 0.8 me L.B 22.6 22.7 12.7 4219 
0.8 meaL-G 22.9 22.8 12.7 4265 
0.8 meaL-D .8 22.9 12.6 4309 7.1 6.9 63.7 709 

0.8 meaL-A 22.6 22.7 12.7 4290 .6.9 6.8 46.1 702 

11 9/1512013 
0.8 meaL-B 22.7 22.7 12.7 4290 
0.8 meoL-G 22.3 22.9 12.8 4316 
0.8 meaL-D 22.8 22.7 12.6 4256 
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I

, .

'ank lu
{Rep- Water AM PM Light

Study Treatment Bath Temp Temp Intensity pH D.O. Cond.
Day study Date ---!l 1 C \ -~J,-_(£) (Lux) . (sul_ (m9!!,) ORP (""em)

0.8 me L-A 22.8 22.7 12.7 5710

'12 911612013
0.8 me L-B 22.6 22.6 12.7 5710
0.8 me L-C 22.7 22.6 12.8 5630
0.8 me L-D 22.6 22.7 12.7 5630
0.8 meaL-A 22.7 22.6 12.7 5540

13 911712013
0.8 meaL-B 22.6 22.7 12.8 5540
0.8 meaL-C 22.7. 22.7 12.5 5110
0.8 meaL-D 22.6 22.6 12.7 5110'
0.8 meaL-A 22.6 22.6 12.6 5140

14 9/1612013 0.8 meaL-B 22.6 22.7 12.6 5140
0.8 meaL-C 22.6 22.6 12.7 4380
0.8 meaL-D 226 22.5 12.8 4380
0.8 meaL-A 22.3 21.3 12.7 4010

15 9/1912013
0.8 meaL-B 22.3 21.4 12.8 4130
0.8 meQL-C 22.3 21.2 12.6 4100
0.8 meaL-D 22.4 21.3 12..7 4030
0.8 meaL-A 22.9 22.2 12..7 4030

16 912012013
0.8 meaL-B 22.4 2U 12.7 5340 6.6 5.9 '60.1 723
0.8 meaL-C 22.9 22.6 12.9 4930
0.8 meQL-D 22.9 22.5 12.8 4010
0.8 meQL-A' 22.7 21.5 12.7' 4080

'17 ,912112013 0.8 meaL-B 22.7 21.9 12.7 4080
0.8 meaL-C 22.7 21.0 12.7 4090 6.7 7.0 61.8 745
0.8 meQL-D 22.7 21.0 12.7 4090
0.8 meQL-A 22.1 22:3 12.7 5140

18 '912212013.
0.8 meaL-B 22.1 ,22.9 12.8 5140
0.8 meaL-C 22.1 22.8 12.7 5140
0.8 meaL-D 22.1 22.3 12.8 5140
0.8 meaL-A :;a 21.9 12.6 4030

19 912312013
0.8 meQL-B 22.0 22.2 12.5 5320
0.8me L-C .22 22.6 12.6 4910
0.8 meaL-D 22 '22.1 12.8 4030 6.4 5.9 51.4 756
0.8 meaL-A 24.6 22.9 12.7 4619

20 ,912412013 0.8 meaL-B 24.3 '22.7 12.8 4843
0.8 meQL-C 23.5 22.8 12.8 4295
0.8 meQL-D 24.3 22.6 12.7 4921
0.8 meaL-A 22.7 22.7 12.7 4619 6.6 6.7 .69.1 763

21 912512013 0.8 meaL'B 22.7 22.5 12.9 4592
0.8 meaL-C 22.6 22.8 12.7 4821
0.8 meQL-D 22.8 22.7 12.8 4510
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Tank 10 Water AM PM Light 
study (Rep- Bath Temp Temp Intensity pH D.O. Cond. 
Dav studvDate Treatment # r C I rCI rCI (Lux) (su) (maIL) ORP (""eml 

4.2 mea -A 22.7 - 12.5 0 7.1 6.9 55.1 1872 

0 9/412013 
4.2 me -B 22.7 - 12.7 '0 7.0 7.0 54.2 1879 
4:2 me L-e 22.7 - 12.5 0 7.1 7.3 50.8 1882 
4.2 me L-D 22.7 - 12.5 0 7.1 7.3 57.2 1902 
4.2me L-A 22. 22. 12.6 0 

'1 91512013 
4.2 me L-B 22.8 22.8 12.7 0 
4.2 mea -e 22.7 22.6 12.7 0 
4:2 mea -0 22.8 22.7 12.7 0 
4:2 mea L-A 22.4 22.5 12.6 0 

2 9151201.3 
4.2 me -B 22.4 22.6 12.7 0 
4.2 me -e 22.6 22.5 12.5 0 
4:2 me L-O .6 22.5 .12.6 0 

4.2 me -A 22.6 22.5 12.6 0 

3 91712013 
4.2 mea -B 22.7 22.6 12.7 0 
4.2 mea L-e 22.6 22.6 .12.6 0 
4:2 mea L-O 22.7 22.6 .12.6 0 

4.2 me -A 22.6 22.6 12.6 0 

oj 91812013 
4.2 me -B 22.7 22.6 12.6 0 
4.2 me -e 22.7 22.7 12.7 0 
4.2 me -0 22.5 22.6 12.6 0 
4.2 mea -A 22.6 22.7 12.6 0 .6.9 7.1 58.7 1899 

5 91912013 
4.2 meo. -B 22.6 22.6 12.6 0 .6.9 6.8 67.3 1858 
4.2 mea -e 22.8 22.5 12.5 0 
4.2 mea L-O 22.7 22.8 12.7 0 

4.2 mea L-A 22.7 22.6 12.6 0 

6 9/1012013 
4.2 meo L-B 22.6 22.6 12.6 0 
4:2 meo L-e 22.6 22.5 12.7 0 
4.2 mea L-O 22.7 22.7 12.6 0 

4:2 mea L-A :.7 22.6 12.6 0 

7 9/1112013 4.2 mea L-B 22.6 22.6 12.6 0 
4.2 mea L-e 22.6 22.6 12.6 0 7.0 7.1 59.2 1912 
4:2 mea L-D 22.6 22.6 12.7 0 

4.2 mea -A 22.7 22.8 12.5 0 

8 9/1212013 4.2 mea -B 22.6 22.6 12.7 0 
4.2 mea -C 22.6 22.6 12.6 0 
4.2 me L-D 22.6 22.7 12.8 0 

4.2 mea L.A 22.7 22.8 12.8 0 

9 9/1312013 
4.2 meo. L-B 22.8 22.6 12.7 0 
4.2 me -e 22.7 .22.8 12.7 0 
4.2 me L-D 22.9 22.8 12.8 0 
4.2 me L-A 22.9 22.8 12.8 4260 

fo 9/1412013 4.2 me L-B 22.8 '22.9 12.9 4310 
4.2 me -e 22.7 22.6 12.6 4248 
4.2 me -0 22.9 22.5 12.5 4279 7.1 6.8 60.6 1962 

4.2 me -A 22.5 .22.8 12.6 4278 ,6.9 6.9 47.9 1954 

11 9/1512013 
4.2 me .B 22.8 22.8 12.8 4274 
4.2 me" L-e 22.5 .22.8 12.7 4312 
4.2 mea L-D 22.9 22.8 12.7 4263 
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Tank 10 Water AM PM Light 
Study (Rap- Bath Temp Temp Intensity pH D.O. Cond. 
DaV StudvDate Treatment #) I C\ (Cl _(C) (Lux) (~l_ -l~!bl ORP (""em) 

4;2 mec -A 22.5 .22.6 12.8 5770 

12 9/1612013 4.2 me L-B 22.7 22.8 12.6 5770 
4.2 me -e 22.7 22.6 12.5 5240 
4.2 me -0 22.7 22.8 12.6 5240 
4.2 me L-A 22.6 12.6 5420 

13 9/1712013 
4.2 meC!L-B 22.8 22.7 12.7 5420 
4.2 me" L-e 22.6 22.8 12.7 5730 
4.2 me" -0 22.6 22.7 12.6 5730 
4.2 me -A 22.8 22.8 12.8 4180 

'14 9/1612013 4:2 me L-B 22.8 22.8 12.5 4180 
4.2 me -e 22.8 22.6 12.6 5730 
4.2 me -0 22.8 22.5 12.5 5730 

4:2 me" L-A 22.4 21.1 12.9 4090 

15 9/1912013 
4.2 me -B 22.4 20.7 12.8 4920 
4.2 me -e 22.4 20.9 12.6 4720 
4.2 me L-O 22.3 20.7 12.7 4210 
4.2 me L-A 3. 22.6 12.7 4100 

16 912012013 4.2 me" L-B 23.4 22.5 12.7 5080 6.6 5.6 63.5 2052 
4.2 me" -e 23.4 22.3 12.8 5630. 
4.2 me" -0 23.4 22.4 12.8 4030 
4.2 me L-A 22.7 21.5 12.8 5140 

17 9/2112013 
4.2 me -B 22.7 21.9 12.8 5140 
4.2 me" -e 22.7 21.0 12.7 5140 '6.6 7.1 70.1 2083 
4.2 me" L-O 22.7 20.9 12.8 5140 

4;2 me" -A 22.3 21.8 12.8 4860 

18 912212013 
4.2 me -B 22.3 12.8 12.7 4880 
4.2 meC! -e 22.3 22.3 12.7 4860 
4;2 me" -0 22.3 21.4 12.7 4860 

4.2 me" L-A 22.2 22.9 12.7 4040 

19 9/23/2013 4.2 me" -B 22.2 22.4 12.6 5410 
4.2 me" -e 22.2 23.0 12.8 5100 
4.2 me -0 22.2 22.4 12.6 4100 6.3 5.6 53.6 2116 

~ -A 24.6 22.8 12.8 4472 

2b 9/2412013 4.2 me" -B 24.2 22.8 12.8 4551 
4.2 me" -e 22.8 22.7 12.9 4388 
4.2 me L.O 23.7 22.5 12.5 4763 

4.2 me ~A 22.5 22.5 12.8 4728 6.7 6.6 60.6 2110 

21 9/2512013 4.2 me" -B 22.8 22.8 12.9 4685 
4;2 me" -e 22.7 22.7 12.9. 4683 
4;2 me" L-O 22.7 22.8 12.7 4756 
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Tank 10 Water AM PM Light
(Rep- Bath

T~;'P T~;'P In;~::~
pH 0.0. Cond.

Stud" Date Treatment #\ I C \ I~u) (mail) ORP ltulcml
19.8 me L-A 22.6 - 12.4 a 7.0 7.0 57.9 2836

a 9/412013 19.8 L-B 22.6 - 12.5 a 7.0 6.9 ,61.5 2847
19.8 me L-e 22.6 - '12.6 a 7.0 7.2 52.6 2849
19.8 me L-D 22.6 - 12.6 a 7.0 7.2 59.1 ,2873
19.80iiM/L -A 22, '12.5 a

1 9/512013 19.8 """"L-B 22.9 22,7 12.7 a
19.8 mealL-e 22.7 22,7 '12.7 a
,19.8 :;:t-O 22.7 22.6 12.8 a
19.8 L-A 22.4 12.6 a

2 91612013
19.8nwi1[ -B 22.4 22.6 12.5 a
19.8 """,n -e 22.5 22.6 12.6 a
19.8 mealt -0 22.6 22.6 12.5 a
19.8 mea/l -A 22.7 22.7 12.6 a

3 9n12013 19.8 -B 22.7 22.5 12.7 a
19.8 menn -e 22.6 22.6 '12.7 a

1
19
:
8
;-0

22.7 22.7 12.6 a
19.8 -A 22.5 22,7 12.7 a

4 9/812013 19.8 -B 22.7 22.6 12.6 a
19.8 me L-C 22.6 22.7 12.7 a
19.8 """,n -0 22.5 22.7 12.5 a
19.8 mealL -A 22.7 22.6 12.6 a 6.9 7.0 59.2 2865

5 91912013 19.8 rnealL -B 22,6 22.7 12.6 a 7.0 7.0 68.1 2853
19.8 L-C 22.7 22.6 12.6 a
19.8 menlL -0 22.6 22.6 12.7 a
~-A 22.7 22.7 12.5 a

6 9/1012013 19.8 L-B 22.6 22.7 12.6 a
19.8 me -e 22.5 22.7 12.7 a
19.8 menn-O 22.6 22.6 12.6 a
19.~-A 22.6 22.7 12.6 a

7 9/1112013 19.8 me -B 22.6 22.7 12.6 a
19.8 me L-C 22.7 22.7 '12.5 a 7.0 7.0 60.3 2874
19:8 """"L-O 22.7 22.7 12.6 a
19.8 mealL-A 22.7 22.6 12.6 a

8 9/1212013 19.8 L-B 22.8 22.7 12.7 a
19.8 menn -e 22.5 22.5 '12.6 a
19~-0 22.7 22.7 12.9 a
19.8 L-A 22.8 22.7 12.7 a

9 9/1312013 19.8 me -B 22.7 22.7 12.8 a
19.8 menn -e 22.7 22.8 12.8 a
~-O 22.7 22.8 12.7 a
19.8 -A 22.7 22.8 12.7 4284

'10 9/1412013 19.8 me,i/L -B 22.7 22.8 12.7 4276

~I~r22.8 22.7 12.8 4256
19.8 L-O ??8 22.8 12.6 4284 7.2 6.5 57.2 2883
19.8 L-A 22.7 22.6 ,12.7 4296 6.8 7.0 46.3 2851

11 9/1512013 19.8 """"L -B 22.9 22.9 12.9 4280

~-e 22.7 22.8 '12.7 4301
19.8 -0 22.7 22.7 12.5 4316
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,anklO Water AM t'M- Light 
Study 

studvDate 
(Rep-

~t~ 
Temp Temp I~:~pH D.O. Cond. 

03; Treatment #) (C) (C) (su) .lmg.'l,l ORP l...Jcml 
19.8 mea -A 22.6 22.6 12.6 4830 

12 9/1612013 
19.8 mea L-B 22.8 22.6 12.8 4830 
19.8 L-e 22.7 22.8 12.7 5540 
19.8~L.0 22.6 22.5 12.5 5540 

19.8 """"L-A 22.7 22.7 12.5 5860 

13 9/1712013 19.8 me L-B 22.6 22.6 '12.5 5860 
19.8 L-e 22.6 22.6 12.6 5690 
19.8 me L.O 22.7 22.6 12.7 5690 
19.8 """"L.A 22.8 22.5 12.6 4110 

14 9/.1612013 mi.B 22.8 22.5 12.6 4110 
19.8 L-e 22.8 22.8 12.8 4480 
19.8 .0 22.8 22.5 12.6 4950 
19.8 me L.A ??~ 20.4 12.7 4150 

15 9/1912013 19.8 """,il .B 22.3 21.1 12.7 4600 
19.8 me L-e 22.3 21.3 12.7 4170 
19.8~L.0 22.3 20.6 12.8 4080 
19.8 mea L-A 22.8 22.2 12.8 4020 

16 912012013 ~L-B 22.8 22.4 12.9 5020 6.8 5.8 62.3 2987 
19.8 L-e 22.8 22.3 12.8 4260 
19.8 inMIL-O 22.8 22.0 12.9 4000 
19.8 mea'L.A 22.1 21.3 12.8 4870 

17 912112013 
19.8 mealL -B 22.1 21.8 12.8 4870 
19.8 .C 22.1 21.0 12.7 4870 6.8 6.8 67.2 3013 
19.8 """"L.O 22.1 20.6 12.7 4870 
19.8 mea L-A 21.8 21.9 12.8 4380 

18 912212013 19.8 me L-B 21.8 21.9 12.7 4380 
19.8 men L-C 21.8 21.6 12.7 4380 
19.8 """"L -0 21.8 21.6 12.6 4380 
19.8 mea L-A 22.3 22.3 12.7 4120 

19 912312013 
19.8 me L.B 22.3 21.5 12.7 5430 
19.8 men -C 22.3 21.8 12.6 5010 
19.8 """"L -0 22.3 21.3 12.8 4010 6.1 5.4 57.2 3019 
19.8 mealL-A 24.8 22.7 12.7 4583 

20 912412013 19.8 L-B 24.0 22.8 12.7 4372 
19.8 """"L -e 22.7 22.8 12.9 4472 

~L.O 24.1 22.6 12.4 4512 
19.8 L.A 23.0 22.6 12.9 4899 6.8 6.4 68.4 3032 

21 912512013 
19.8 me L.B 22.7 22.7 12.7 4723 
19.8 """,n -e 22.8 22.8 12.6 4819 
19.8 meQ/l .0 22.8 22.7 12.5 4892 
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ENVIOI-00325 FEL
'anK lu Water AM PM light

Study (Rei>" Bath Temp Temp Intensity pH D.O. Con,!.
Dav study Date Treatment #) (C) (Cl' (Cl' (Luxl (suI (malll ORP (ou/em)

51.1 mealL-A n.7 - 12.5 a 7.0 7.1 40.8 4189

a 9/4f2013 51.1 me L-B n ..7 - 12.6 a 7.0 6.9 683 4196
51.1 me L-e n.7 - 12.6 a 7.0 7.3 55.8 4132
51.1 me L-D n.7 - 12.6 a 6.9 7.0 60.7 4098
51.1 me L -A 22.8 ~.8 '12.5 a

1 9/512013 51.1 mealL-B n.8 n.7 12.6 a
51.1 meQ/L-e n.7 n.7 12.6 a
51.1 me L-D n.8 n.7 12.6 a
51.1 mealL-A 22.5 22.5 12.6 a

2 9/6f2013 51.1 meQ/L-B n.5 22.6 12.6 a
151.1 ;q;L-C n.5 n.6 12.6 a
51.1 L-D n.6 n.5 12.7 a
51.1 meQ/L-A n.7 n.7 12.7 a

3 9fif2013 51.1 mealL-B n.7 n.5 12.6 a
~L-e n.6 n.7 12.7 a
51.1 L-D n.8 n.5 12.7 a
51.1 mea/L-A .7 n.7 12.7 a

4 918f2013 51.1 mealL-B n.8 n.7 12.6 a
51.1 me L-C n.6 n.6 '12.6 a
51.1 me L-D n.6 n.6 12.6 a
51.1 me L -A .6 n.7 12.7 a 6.8 7.1 61.4 4150

5 919f2013 51.1 mealL-B n.'7 n.7 12.7 a 6.9 1.0 60.5 4138
51.1 me L-C n.6 n.7 '12.5 a
51.1 me L-D n.5 n.6 12.6 a
51.1 me L -A 22.6 n.6 12.5 a

6 9/10f2013 51.1 mealL-B n.5 n.6 12.5 a
~L-C n.6 n.7 12.5 a
51.1 L-D n.6 n.6 12.7 a
51.1 mea/L-A 22.7 n.6 12.5 a

7 9111f2013 51.1 mea/L-B n.6 n.6 12.7 a
~-C n.6 n.6 12.7 a 6.9 7.0 '62.4 4181
51.1 L-O n.6 22.6 12.6 a
51.1 mea/LoA n.8 n.6 12.6 a

8 9/1212013~L-B n.7 n.7 12.6 a
51.1 L-e n.6 22.6 "12.6 a
51.1 me L-O n.6 n.6 12.8 a
~L-A

n.7 n.8 12.6 a
9 9/13f2013 51.1 L-B n.6 n.8 12.9 a

51.1 L-C n.8 n.7 12.7 a
51.1 mea/L -0 n.8 n.7 12.7 a
51.1 mea/L-A 22.8 n.7 12.8 4290

10 9/14f2013 51.1 L-B 22.8 n.7 12.8 4283
51.1 mealL-e n.9 n.8 12.7 4279
51.=L-0 n.7 n.9 12.6 4292 7.0 6.7 59 '4204
51.1 me L-A n.7 n.5 12.5 4312 6.8 7.0 48.1 4180

11 9/15f2013 51.1 L-B n.8 n.8 12.8 4316
51.1 mea/L-e n.8 n.7 12.8 4288
51.1 meaIl-D n.6 n.8 12.6 4244
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ENVIO 1-00325 FEL 

Tank 10 Water AM -PM 'light 
study 

"'"rlv Date 
(Rep-

~~~ 
Temp Temp I~:~pH D.O. Condo 

Da" Treatment !l (C) (C) (su) (mgIL) ORP ('''''em' 
51.1 """,n -A '22.7 '22.7 12.6 4930 

12 9/1612013 
51.1 meolL-6 22.7 '22.6 12.7 4950 
51.1 -C '22.6 22.6 12.6 5670 
51.1~-0 22.6 22.7 12.6 5670 
51.1 """'(L-A .7 '22.8 12.7 4950 

13 9/1712013 
51.1 meolL-6 22.7 '22.8 12.7 4950 

~L-C 22.7 '22.6 12.7 5400 
51.1 L-O :ti '22.6 12.7 5400 
51.1 """,fL-A '22.6 12.5 5290 

14 9/1812013 
51.1 meofL-6 22.8 '22.8 12.8 5290 
51.1 meoIL-C '22.8 22.8 12.8 4480 
51.1 L-O '22.8 22.8 12.5 4480 
51. 1--.n<>nTL-A ?Dl 21.3 .12.7 4060 

15 9/1912013 itimr 21.9 21.9 12.8 4620 
51.1 -C 21.9 21.7 12.8 4510 
51.1 L-O 21.9 21.3 12.8 4150 

51.1 """,n -A 23.5 '22.4 .12.8 4010 

16 9f2012013 51.1 me~-6 23.5 22.3 12.9 4500 6.7 5.8 59.2 4293 
51.1 -C 23.5 22.6 12.7 5420 
51.1 menll-O 23.5 22.7 12.8 4020 

51.1 """,n -A '22.1 22.0 12.7 4260 

17 912112013 51.1 me~-6 '22.1 21.8 12.7 4260 
51.1 -C 22.1 21.8 12.8 4260 6.7 6.9 69.3 4364 
51.1m<>;,TL-0 22.1 21.5 12.7 4260 
51.1 meoIL-A 22.5 22.6 12.7 5130 

18 912212013 51.1 me~-6 22.5 22.3 12.9 5130 
51.1me -C 22.3 22.1 12.8 5130 
51.1 """,n -0 22.3 21.8 12.8 5130 
51.1 me L -A 22.8 21.4 12.6 4010 

19 912312013 51.1 me -6 22.8 22.3 12.8 5140 
51.1 men L-C 22.8 22.0 12.8 4900 
51. 1 """,n -0 22.8 22.1 12.6 4040 6.1 5.5 58.9 4388 
51.1 meolL-A 24.6 22.6 12.7 4912 

20 912412013 
51.1 -6 24.1 22.7 12.5 4480 
51.1 menTL-C 22.4 22.6 12.8 4582 
51.1 """,n -0 24.0 22.7 12.6 4633 
51.1 meolL-A 22.8 22.8 12.7 4718 6.8 6.4 67.2 4396 

21 912512013 
51.1 -6 22.7 22.7 12.8 4885 
51.1 menTL-C 22.6 22.6 12.7 4916 
51. 1 """"L-O 22.6 22.8 12.7 4667 
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ENV101.00325 FEL 

lan •• u •• aler AM t'M Light 
Study (Rep-Treatment Balh Temp Temp Intensity pH D.O. Cond. 
Dev Studv Dete #) (C) (Cl (C) (Lux) • (su) (mQILI ORP (uYcml 

103.2 mealL-A 22.6 . 12.5 0 .7.0 7.0 43.9 8365 

0 9/412013 
103.2 mea/l-8 22.6 - 12.5 0 6.9 6.8 625 8374 
103.2 mealL-e 22.6 - 12.6 0 6.9 7.2 54.7 8352 
103.2 mealL.O 22.6 . 12.6 0 6.9 7.4 60.1 8326 
1032 meQJL-A 22.8 22.6 12.6 0 

1 91512013 
1032 mealL-B 22.9 22.7 12.6 0 
103.2 meall-e 22.7 22.6 12.6 0 
103.2 mealL-O 22.7 22.7 12.7 0 
1032 meall-A 22.4 22.6 12.7 0 

2 91612013 103.2 me IL.B 22.4 22.5 '12.6 0 
103.2 mao L-e 22.6 22.5 12.5 0 
103.2 me Il-O 22.5 22.6 12.6 0 
103.2 me LoA 2.6 22.6 12.6 0 

3 91112013 
103.2 mea/l.B 22.6 22.6 12.6 0 

103.2~-e 22.7 22.6 12.6 0 
103.2 m .0 22.4 22.6 12.7 0 
103.2 meaTL.A 22.6 22.7 12.6 0 

4 91812013 
103.2 meQ/l-B 22.7 22.8 12.7 0 
103.2 meall-e 22.6 22.7 12.6 0 
103.2 mea/l.O 22.6 22.7 12.6 0 

103.2 mea/l-A 22.7 22.6 12.7 0 6.8 7,2 60.8 8379 

5 91912013 103.2 mea/l.B 22.6 22.7 12.6 0 6,8 6.9 ,67.3 8351 
103.2 meall-e 22.5 22.5 12.6 0 
103.2 meoQ/L.O 22.6 22.7 12.7 0 

103.2 mealL -A 22.' 22.5 12.6 0 

6 9/1012013 
103.2 mealL .B 22.6 22.7 12.6 0 
103.2 mealL -e 22.7 22.7 12.6 0 
103.2 mea/l -0 22.7 22.7 12.5 0 
103.2 mea/l -A 22.6 22.5 12,6 0 

7 9/1112013 103.2 mea/l-B 22.7 22.7 12.6 0 
103.2 mea/l-e 22.7 22.6 12.6 0 6.9 6.8 65.2 8395 
103.2 mea/l -0 22.6 22.7 12,6 0 
103.2 mealL.A 22.8 22.7 12.7 0 

8 9;1212013 103.2 mea/l.B 22.6 22.6 12.6 0 
103.2 mealL-e 22.6 22.7 12.7 0 

103.2~-0 22.7 22.7 12,7 0 
103.2 m /L.A 22.1 22.7 12,7 0 

9 9/1312013 
103.2 meaJi.-B 22.7 22.9 12.9 0 
103.2 mea/L -e 22.8 22,8 12.8 0 
103.2 me /L.O 22.9 22.8 12,8 0 
103.2 mealL.A 22.7 22.8 12.7 4266 

10 9/14120'13 
103.2 mealL-B 22.9 22.7 12.9 4251 
103.2 me /L-e 22.7 22.6 12.7 4288 
103.2 mealL-O 22.6 22.7 12.6 4298 7.0 6.9 49.8 8432 
103.2 mealL-A 22.8 22.7 12.6 4316 6.8 6.9 49.8 8412 

11 911512013 
103.2 mealL.B 22.7 22.8 12.9 4312 
103.2 mealL-e 22.7 22.8 '12.7 4291 
103.2 meoalL-O 225 22.7 12.5 4256 
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ENVIOI-00325 FEL 

Tank to water AM PM ugnt 
Study (Rep-Treatment Bath Tamp Temp ln1enslty pH D.O. Cond. 
Dev S1udv Deta #) (C I (C) (C) (Lux) (su) (mglt.) ORP (mJcml 

1032~-A 22./ 22.7 '12.7 5500 

12 9/1612013 
103.2 me -B 22.5 22.7 13.6 5500 
103.2 ",eafl-C 22.6 22.7 12.7 5130 

103.2=-0 22.7 22.7 '12.8 5130 
103.2 m -A 22.6 22.6 12.7 5290 

13 9/1712013 
103.2 mea/L -B 22.6 22.7 12.7 5290 
103.2 meafl-C 22.8 22.7 '12.7 5270 
103.2 meafl-D it!: 22.7 12.5 5270 
103.2 meafl-A 2; . 22.7 12.8 4360 

14 9/1612013 103.21-B 22.8 22.7 12.8 4360 
103.2 m fL-C 22.8 22.8 12.6 5190 
103.2 m fl-D 22,8 22.5 12.8 190 
103.2 meali.-A 21.7 21.0 12.7 4050 

15 9/1912013 103.2~-B 21.7 21.7 12.8 4610 
103.2 me -C 21.7 21.3 12.8 4720 
103.2 meali.-D 21.7 21.9 12.7 4040 
103.2 meafl-A 22.4 22.6 12.8 4590 

16 912012013 103.2 m -B 22.4 22.1 12.9 5190 6.8 5.8 61.4 8651 
103.2 meafl-C 22.4 22.6 12.8 4390 
103.2 meafl-D 22.4 22.2 12.7 4010 
103.2 meafl-A 22.3 21.8 12.7 5580 

17 9/2112013 103.2~~-B 22.3 21.7 12.7 5580 
103.2m L-C 22.3 21.5 12.8 5580 6.6 6.8 58.6 8816 
103.2 meafl-D 22.3 21.6 12.8 5580 

103.2~~-A 22.7 22.1 12.7 5580 

18 912212013 
103.2 m fl-B 22.7 22.4 12.8 5580 
103.2 mealt.-C 22.7 22.1 12.8 5580 
103.2~-D 22.7 22.2 12.8 5580 
103.2 me L-A 21.0 22.0 12.7 4110 

19 9/2312013 103.2 mealL -B 21.0 21.5 12.8 5160 
103.2 meall-C 21.0 21.0 12.6 5150 
103.2 me fl-D 21.0 20.2 12.8 4500 6 ..4 5.7 63.2 8659 
103.2 mea/L-A 24.6 22.8 12.6 4642 

20 9/24/2013 
103.2 mealL-B 24.2 22.6 12.7 4965 
103.2 mealt.-C 22.6 22.8 12.7 4751 
103.2 mealL.D 23.7 22.8 12.7 4718 
103.2 maalL.A 22.8 22.7 12.8 4564 6.5 6.5 .68.9 8902 

21 9/2512013 103.2 meall.B 22.8 22,6 12.7 4919 
103.2 meafl-C 22.5 22.7 12.6 4748 
103.2 meall-D 22.7 22.6 12.8 4831 
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ENVI01-00325 

Res, 
Sludy 

~=~s 
A1kallnlly (=) NH,.N ~::PhosphateDay Treatment ROll (mgIL) mOA. (mgJ\.) 

0 H8-1 (1:4 A 116 '16 <0,01 7,64 65 4,92 
0 H8-1 1:4 B 112 16 <0,01 7,44 66 4,60 
21 H8-1 1:4 C 160 20 <0,01 7,63 67 4,63 
21 H8-1 1:4 D 196 20 <0,01 7,29 68 4,26 
0 100mgIL BA A 140 14 <0,01 7,20 65 5,04 
0 100maJL BA B 114 16 ' <0,01 7,38 65 5,12 
21 100mgIL BA C 180 20 <0,01 ,7,35 69 4,61 
21 100maJL BA D 192 20 <0,01 7,51 56 4,75 

Res, 
PhD'Ph ••• 1SlUdy Hardness AI!<aIIntty OXtd, N:~+ttrate 

oall Treatment Reo (moIL! ImolL! ImolL\ m (mOIL (mOIl! 
0 '0 mglLSO. A 120 12 <0.01 7,12 59 5,06 

0 "0 inglLSO.' 8 122 '12 <0.01 7,62 60 5,06 

2' 10 mglLSO.' C 188 8 <0.01 7,26 59 4,92 

21 10 mQll.. so,t 0 208 6 <0.01 7.79 59' 4,66 

0 250 ITlQIL SO",;.} A 146 12 <0,01 7,48 69 4.76 

0, 250 mgIL SO", 8 196 "0 <0.01 '7.18 69 4.92 

2' 250 mgIL SO,' C 320 6 <0.0' 7,04 57 4,61 

21 .250mgILSO. ' 0 328 6 <0.01 7.32 52 4.93 

0 1000 mgIL. SO •." A 426 12 <0.01 7,66 62 4,54 

0 1000 mgIL SQ4 8 440 10 <0.01 7,40 '62 ~1.76 

21 1000 mgIL SO.' C 708 4 <0.01 7,51 ,54 .:39 

21 'ODD mgIL SO" 0 760 6 <0.01 7.51 50 ',66 

0 2500 mgIL. SO.i" A 692 10 <0.01 6.96 59 4;68' 

0 2500 fngtL 504'" 8 686 10 <0.01 6,62 60 5,06 

2' 2500 mgIL ~O4 C '660 8 <0.01 7,06 61 4,56 

2' 2500 mgIL sol' 0 '930 12 <0.01 7,06 65 5,06 

0 5000 mgIL SO .• A '590 8 <0.01 7.54 60 4,84 

0 5000 mgIL. 504 8 '680 6 <0.01 6,96 GO 4.80 

21 5000 mgIL SO",JIo C 2730 ,. <0.01 7.39 65 '.09 

21 5000 mgIL SO" 0 2960 '6 <0.01 7.12 67 4,9' 

"os. 
NH,-NSludy Hardness Alkalinity Oxid. N~: Pl10;:l'.re Da" Treatment Reo ImaJ\.l ImaJ\.l' molt: m.;A: 1m 1m 

0 0.8meoA. A 180 12 <0.01 7.66 57 5,10
,0 O.Bm B 156 10 <0.01 6:96 57 4.68 
21 O.BmeoA. C 400 B <0.01 7:82 56 5.D2 
21 0.8m D 300 10 <om 7.03 53 4.56 
0 4.2 metlll .A 2BO 6 <om 6.90 55 4.98 

m ' .18 ,54 4.88 
21 .4.2 mPlilL C 530 B <om 7.36 59 500 
21 .4,2'meoA. D 550 12 <om 6.99 58 4.39 
0 19.Bme~ ,A 372 6 <om 7:12 62. 4.78 
0 19.8me~ B 384 8 <0.01 7.26 60 5:16 
21 19.8m~ C 660 8 <0.01 7.21 53 4.92 

; me 
.a 51.1me~ A 510 6 <0.01 7.36 59 4.92 
0 51.1me~ B .480 6 <0.01 7.40 59 478 
21 51:1 meaIL C 11~ 10 <0.01 7.36 58 4.88 
21 51.1 meQ/L 0 1070 6 <0.01 7.52 60 4.88 
0 103:2~ .A .900 6 <om 6.88 49 4.64 

21 103.2 meal I C '1860 4 <0.01 7.04 64 4.71 
,21 103.2 meal 0 2210 6 <0.01 7.28 62 432 
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ENVIO 1-00325 

Istudy 
Rep 

"""ale 
Day Treatment ImgIL) 
0 H8-1 (1:4) A 48 
0 H8-1 1:4 B 50 
10 H8-1 1:4 C 50 
10 H8-1 1:4 0 52 
21 H8-1 (1:4) A 54 
21 H8-1 (1:4) B 56 
0 100 mgIL SA A 52 
0 100 mail SA B 54 
10 100 mgIL SA C 54 
10 100 mail SA 0 52 
21 100 mgIL SA A .52 
21 100 mail SA B 52 

I "",dy Sulfate 
Day Treatment Rep moll) 
0 10 mgIL SO/' A 12 

0 10 mgIL SO,' B 12 

10 10 mgIL SO/' C 14 

10 10 mgIL SO,' 0 12 

21 10 mgIL SO,' A 12 
21 10 mgILSO,' B 14 

0 250 mgILSO,' A 230 

0 250mgIL SO, B 240 

10 250 mgIL SO, ' C 234 

10 250mgIL SO, 0 235 

21 250 mgIL SO, . A 240 

21 250 mgIL SO, . B 256 

0 1000 mgIL SO, A 1050 

0 1000 mgIL SO, ' B 1080 

10 1000 mgIL SO, C 1030 

10 1000 mgIL SO," 0 1042 

21 1000 mgIL SO," A 1024 
21 1000 mgIL SO/' B 1038 

0 2500 mgIL SO," .A 2530 

0 2500 mgIL SO," Ii 2510 

10 2500 mgIL SO," C 2570 
10 2500 mgIL SO," 0 2592 

21 2500 mgIL SO/' A 2524 

21 2500 mgIL SO," B 2546 
0 5000 mgIL SO," A 4900 
0 5000 mgIL SO," B 5010 

10 5000.mgIL SO,' C 4952 
10 5000 mgIL SO," 0 4985 

21 5000 mgIL SO," A 5012 

21 5000 mgIL SO/' B 5022 

Study SUlfate 
Day Treatment Rep 'mail) 
0 0.8 meqll. A 54 
0 0.8meaIL B 48 

10 0.8 meqll. C 50 
10 0.8meQ/L D 56 

21 .0.8 meqll. A 52 
21 0.8meaIL B 56 

0 4.2.meqll. A 52 
0 4.2meqll. B 52 

10 4.2 meqll. C 48 
10 .4.2 meall D 50 

21 4.2 meqll. A 54 
21 4.2 meqll. B 46 

0 19.8m~ A .50 
0 19.8 me B 54 

10 19.8 meqll. C 46 
10 19.8 meaIL D 46 

21 19.8 meqll. A 56 
21 19.8 meall B 48 

0 51.1 meqll. A 56 
0 51.1 meaIL B 50 

10 51.1 meqll. C 52 
10 51.1 meall D 52 
21 51.1 meqll. A 56 
21 51.1 meaIL B. 56 

0 103.2 meqll. A 54 
0 103.2 mealL B 54 

10 '103.2'meqll. C 46 
10 103.2 meaIL D 54 

21 103.2 meqlL A 54 
21 103.2 meall B 54 
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ENVIOI-00325 FEL 

Shoot Root Phytotoxicity Free 
sample Rep seed Shoot Root Biomass Length Length (1 or 0) Leaf 

Description NO. No. wt (lIl wt (lIl 1M (gl (cml (em) No. 
HS-1 1:4 A 1 0.0040 0.0003 0.0020 3.517 2.088 0 1 
HS.1 1:4 A 2 0.0042 0.0006 0.0014 4.392 1.133 0 1 
HS.1. 1:4 A 3 0.0000 0.0004 0.986 1.976 0 0 
HS.1 1:4 A 4 0.0042 0.0002 0.0016 5.178 3.487 0 1 
HS.1 1:4 A 5 0.0036 0.0005 0.0021 4.035 2.795 0 1 
HS.1 1:4 A .6 0.0035 0.0000 0.0010 3.612 3.150 0 1 
HS.1 1:4 A 7 0.0052 0.0009 0.0023 5.758 4.505 0 1 
HS.1 1:4 A 8 0.0049 0.0009 0.0025 4.818 6.558 0 1 
HS-1 1:4 A 9 0.0035 0.0012 0.0022 2.796 2.689 0 1 
HS-1 1:4 A 10 0.0025 0.0001 0.0013 4.'447 3.086 0 1 
HS-1 1:4 A 11 0.0033 0.0009 0.0023 5.060 3.416 0 1 
HS.1 1:4 A 12 0.0022 0.0000 0.0013 3.288 2.401 0 1 
HS-1 1:4 A 13 0.0024 0.0002 5.718 4.678 0 1 
HS.1 1:4 A 14 0.0027 0.0002 0.0016 3.547 5.508 0 1 
HS-1 1:4 A 15 0.0029 0.0003 0.0024 4.899 2.961 0 1 
HS.1 1:4 A 16 0.0018 0.0001 2.895 1.245 0 1 
HS.1 1:4 A 17 0.0022 0.0001 0.0005 2.948 1.382 0 1 
HS.1 1:4 A 18 0.0054 0.0007 0.0052 2.706 4.306 0 1 
HS.1 1:4 B 1 0.0029 0.0004 0.0010 5.285 1.770 0 1 
HS.1 1:4 B 2 0.0017 0.0005 0.0020 2.791 3.907 0 1 
HS.1 1:4 B 3 0.0029 0.0006 0.0027 3.591 2.133 0 1 
HS.1 1:4 B 4 0.0011 0.0001 2.657 1.631 0 0 
HS.1 1:4 B 5 0.0029 0.0003 0.0026 3.037 3.092 0 1 
HS.1 1:4 B 6 0.0026 0.0005 0.0016 2.047 1.788 0 1 
HS-1 1:4 B 7 0.0039 0.0004 0.0013 3.130 4.873 0 1 
HS.1 1:4 B 8 0.0023 0.0003 0.0025 3.691 5.298 0 1 
HS.1 1:4 B 9 0.0039 0.0003 0.0035 5.134 1.891 0 1 
HS-1 1:4 B 10 0.0038 0.0002 0.0028 5.561 1.261 0 1 
HS.1 1:4 B 11 0.0026 0.0002 0.0041 5.757 ,4.153 0 1 
HS.1 1:4 B 12 0.0016 0.0009 0.0021 3.398 4.720 0 1 
HS-1 1:4 B 13 0.0028 0.0010 0.0038 3,820 7.747 0 1 
HS.1 1:4 C 1 0.0019 0.0003 0.0040 3.254 3.893 0 1 
HS.1 1:4 C 2 0.0022 0.0004 0.0016 4.640 6.011 0 1 
HS.1 1:4 C 3 0.0024 0.0005 0.0021 2.973 4.052 0 1 
HS.1 1:4 C 4 0.0033 0.0008 0.0033 4.099 4.117 0 1 
HS.1 1:4 C 5 0.0016 0.0005 0.0020 2.071 4.815 0 1 
HS.1 1:4 C 6 0.0024 0.0001 0.0022 4.623 1.855 0 1 
HS.1. 1:4 C 7 0.0017 0.0001 0.0009 3.570 5.259 0 1 
HS-1 1:4 C 8 0.0029 0.0002 0.0017 4.500 3.472 0 1 
HS-1 1:4 C 9 0.0018 0.0002 0.0015 2.372 1.743 0 1 
HS.1 1:4 C 10 0.0008 0.0002 1.756 2.393 0 0 
HS-1 1:4 C 11 0.0022 0.0006 0.0022 3.740 4.328 ,0 1 
HS.1 1:4 C 12 0.0012 0.0001 2.306 4.396 0 0 
HS.1 1:4 C 13 0.0023 0.0003 0.0029 2.217 3.970 0 1 
HS.1 1:4 C 14 0.0025 0.0005 0.0028 2.743 4.728 0 1 
HS-1 1:4 C 15 0.0015 0.0006 2.174 4.206 0 0 
HS-1 1:4 0 1 0.0008 0.0005 1.002 1.624 0 0 
HS.1 1:4 0 2 0.0036 0,0006 0.0029 4.419 2.982 .0 1 
HS-1 1:4 0 3 0.0028 0,0001 3.089 3.161 0 0 
HS-1 1:4) 0 4 0.0042 0.0010 0.0014 5.631 6.488 0 1 
HS'1(1 :4) 0 5 0.0015 0.0006 0.0022 2.603 5,607 0 1 
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Shoot Root Phytotoxicity Free 
Sample Rep Seed Shoot Root Biomass Length Length (1 or 0) Leaf 

Description No. No. Wt IgI 
~ 

Wtlgl Icml (cml No. 
HS-1 1:4 D 6 0.0027 0.0030 4.435 5.833 0 1 
HS-1 1:4 D 7 0.0024 0.0004 0.0034 3.416 3.711 0 1 
HS-1 1:4 D 8 0.0020 0.0006 0.0040 4.104 8.473 0 1 
HS-1 1:4 D 9 0.0073 0.0006 0.0025 8.498 4.431 0 1 
HS-1 1:4 D 10 0.0036 0.0010 0.0031 7.754 7.829 0 1 
HS.1 1:4 D 11 0.0033 0.0002 0.0011 5.111 8.675 0 1 
HS-1 1:4 D 12 0.0003 0.0009 2.651 8.678 0 0 
HS-1 1:4 D 13 0.0026 0.0008 0.0009 2.362 2.298 0 1 
100 mn BA A 1 00018 0.0004 0.0004 2.028 0.966 1 1 
100mn LBA A 2 0.0021 0.0000 0.0003 2.569 0.520 1 1 
100 mn BA A 3 0.0022 0.0003 0.0014 2.880 1.962 1 1 
100 mn BA A 4 0.0016 0.0003 1.366 2.432 1 0 
100 mn LBA A 5 0.0018 0.0000 4.146 0.539 1 0 
100mn BA A 6 0.0024 0.0005 3.587 1.049 1 0 
100 mn LBA B 1 0.0021 0.0001 2.371 1.582 1 0 
100 mn LBA B 2 0.0022 0.0001 0.0010 3.698 2.557 0 1 
100mn BA B 3 0.0022 0.0000 0.0010 3.418 3.481 0 1 
100 ma LBA B 4 0.0005 0.0000 1.429 0.664 1 0 
100 ri1Qi[BA B 5 0.0013 0.0001 2.209 2.860 1 0 
100 meIII BA C 1 0.0028 0.0002 0.0017 2.986 3.066 1 1 
100 meIlLBA C 2 0.0024 0.0001 0.0004 4.422 0.459 1 1 
100 mClLBA C 3 0.0020 0.0003 0.0006 3.414 1.964 0 1 
100 mCl BA C 4 0.0024 0.0000 0.0008 3.795 2.673 0 1 
100 mn BA C 5 0.0021 0.0004 0.0012 4.608 3.169 1 1 
100 mn LBA C 6 0.0015 0.0003 0.0001 3.188 1.819 0 1 
100 mn BA C 7 0.0016 0.0003 1.701 0859 1 0 
100 mn LBA D 1 0.0008 0.0004 0.760 1.608 1 0 
100 mn LBA D 2 0.0031 0.0018 2.829 2.644 1 0 
100 mn BA D 3 0.0020 0.0005 0.0006 1.278 1.654 0 1 
100 ma LBA D 4 0.0027 0.0010 0.0016 3.469 2.395 1 1 
100 ri1aiLBA D 5 0.0020 0.0008 0.0003 4.062 2.547 1 1 
100 rilaIL BA D 6 0.0040 0.0002 0.0013 4.347 1.943 0 1 
100maLBA D 7 0.0032 0.0002 0.0021 3.733 2.121 1 1 
100 ma LBA D 8 0.0007 0.0003 1.955 3.196 0 0 
100 mClLBA D 9 0.0009 0.0001 0.0000 1.588 1.322 1 1 
10 mglL SO. - A 1 0.0024 0.0002 0.0007 2.803 1.355 0 1 
10mgILS07 A 2 0.0047 0.0002 0.0035 2.508 3.034 0 1 
10mgILS07 A 3 0.0016 0.0001 0.0023 3.191 1.387 0 1 
10mg1LSO? A 4 0.0035 0.0006 0.0035 5.852 7.597 0 1 
10mg1LSO? A 5 0.0030 0.0006 0.0030 1.590 1.733 0 1 
10mg1LSO? A 6 00023 0.0005 0.0006 3.852 6.265 0 1 
10 mgILSO? A 7 0.0028 0.0004 0.0012 6.859 2.540 0 1 
10 mglL SO;- A 8 0.0011 0.0005 1.647 1.736 0 0 
10 mg1LS07' A 9 0.0010 0.0002 0.0001 3.492 2.827 0 1 
10 mglL SO;- A 10 0.0024 0.0002 0.0011 4.561 7.246 0 1 
10 mglL SO;- A 11 0.0031 0.0001 0.0014 6.770 2.794 0 1 
10 mglL SO.~ A 12 0.0026 0.0001 0.0006 4.747 7.337 0 1 
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Sample Rep Seed Shoot Root Biomass Length Length (1 or 0) Leaf 

Description No. No. wt (II) wt wt(g) (cm) (cm) No. 
10 mglL 50.'- A 13 0.0026 0.0003 0.0002 3.820 4.489 0 1 
10 mglLSO.~ A 14 0.0005 0.0003 0.597 3.275 0 0 
10 mgILSO.- A 15 0.0032 0.0005 0.0022 4.048 4.736 0 1 
10 mgILSO.~ B 1 0.0009 0.0008 3.052 0.353 0 0 

10 mgILSO.- B 2 0.0031 0.0004 0.0022 6.423 '5.186 0 1 
10 mglL SO/- a 3 0.0026 0.0005 0.0008 4.089 3.433 0 1 

10 mglL 50/' B 4 0.0030 0.0009 0.0024 3.824 7.418 0 1 
10 mglL 50/' B 5 0.0023 0.0002 0.0011 3.627 2.622 0 1 
10 mglL 50.2 - B 6 0.0025 0.0001 0.0012 4.336 3.561 0 1 
10 mglL 50/' a 7 0.0043 0.0001 0.0021 6.204 5.082 0 1 
10 mglL SO•. a 8 0.0022 0.0004 0.0019 2.384 1.710 0 1 
10 mgILSO.~ a 9 0.0030 0.0003 0.0010 3.529 6.130 0 1 
10 mglLSO.- B 10 0.0022 0.0001 0.0020 7.120 6.140 0 1 
10 mglL SO. ,- a 11 0.0027 0.0002 0.0021 3.518 2.450 0 1 
10 mgILSO.~ a 12 0.0040 0.0000 0.0022 6.970 1.062 0 1 
10 mgILSO.~ a 13 0.0031 0.0004 0.0020 4.663 8.621 0 1 
10 mglL SO.'. a 14 0.0018 0.0004 0.0018 4.387 6.575 0 1 
10 mgILSO.~ a 15 0.0035 0.0005 0.0006 4.220 3.297 0 1 
10 mglL SO.~ a 16 0.0032 0.0005 0.0033 5.184 7.242 0 1 
10 mgILSO.~ B 17 0.0026 0.0004 0.0023 3.762 4.407 0 1 
10 mglL 50,'- a 18 0.0097 0.0006 0.0038 2.734 2.431 0 1 
10 mglL SO.'. a 19 0.0047 0.0006 0.0018 5.100 4.201 0 1 
10 mgILSO.~ a 20 0.0081 0.0012 0.0005 3.627 2.029 0 1 
10 mglL 50.'- a 21 0.0032 0.0018 0.0080 2.998 2.421 0 1 

10 mglL SO.' a 22 0.0040 0.0006 0.0018 3.113 2.922 0 1 

10 mglL SO." a 23 0.0068 0.0004 0.0063 3.319 2.448 0 1 
10 mgILSO/- B 24 0.0018 0.0001 0.0001 3.320 4.165 0 1 
10 mglL 50/' C 1 0.0046 0.0004 0.0030 5.349 1.604 0 1 
10 mgILSO.~ C 2 0.0077 0.0005 0.0032 6.358 4.394 0 1 
10 mglL 50/' C 3 0.0003 0.0004 0.0042 6.980 3.054 0 1 

10 mglL 50/' C 4 0.0031 0.0007 0.0018 4.666 8.644 0 1 
10 mglL 50.- C 5 0.0032 0.0006 0.0058 7.401 4.805 0 1 
10 mglL 50/' C 6 0.0044 0.0008 0.0027 6.051 5.747 0 1 
10 mglL SO/- C 7 0.0008 0.0003 0.0010 2.503 7.752 0 1 
10 mglL 50/' C 8 0.0025 0.0004 0.0030 4.482 1.985 0 1 
10 mglL SO/- C 9 0.0001 0.0007 0.0063 2.386 '1.083 0 1 
10 mgILSO.~ C 10 0.0072 0.0009 3.851 1.695 0 0 
10 mgILSO ••' C 11 0.0032 0.0003 0.0009 3.006 2.653 0 1 
10 mgILSO.~ C 12 0.0054 0.0000 0.0033 7.511 1.583 0 1 
10 mgILSO.~ C 13 0.0037 0.0004 0.0015 6.583 6.321 0 1 
10 mglL 50/' C 14 0.0024 0.0002 0.0008 3.366 2.165 0 1 
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Description No. No. WI tal WI fal Wllal IcRiI Icml No. 
10mgILsoT C 15 0.0026 0.0004 0.0007 6.487 5.693 0 1 
10mgILSOT C 16 0.0019 0.0007 3.109 2.419 0 0 
10 mglL soT C 17 0.0031 0.0005 0.0029 3.078 6.601 0 1 
10 mglL soT C 18 0.0021 0.0002 0.0016 3.200 4.452 0 1 
10mgILSoT C 19 0.0001 0.0001 0.0008 2.678 3.068 0 1 
10mgILSOT D 1 0.0066 0.0007 0.0015 2.836 2.427 0 1 
10mgILSOT D 2 0.0046 0.0010 0.0044 4.139 1.342 0 1 
10 mgIL soT D 3 0.0064 0.0011 0.0034 3.972 6.816 0 1 
10mgILsoT D 4 0.0046 0.0004 0.0019 4.261 6.385 0 1 
10 mgIL SO." D 5 0.0068 0.0005 0.0049 6.867 4.136 0 1 
10 mglL SO:. D 6 0.0046 0.0008 0.0015 3.189 2.123 0 1 
10 mgIL SO. ,. D 7 0.0036 0.0002 0.0063 4.792 4.945 0 1 
10mgILSO •. D 8 0.0012 0.0003 0.0026 1.312 2.591 0 1 

250mgILS07 A 1 0.0032 0.0009 0.0027 4.499 7.385 0 1 
250 mgIL SO:. A 2 0.0030 0.0005 0.0015 7.136 2.484 0 1 
250 mgIL SO." A 3 0.0027 0.0005 0.0022 4.174 2.875 0 1 
250 mgIL SO." A 4 0.0035 0.0010 0.0037 3.914 9.263 0 1 
250 mgIL SO:. A 5 0.0026 0.0003 0.0017 4.635 5.306 0 1 
250mgILS07 A 6 0.0026 0.0002 0.0012 3.054 4.095 0 1 
250mgILSO:- A 7 0.0026 0.0002 0.0030 6.723 4.103 0 1 
250mgILS07 A 8 0.0032 0.0011 0.0025 3.756 2.755 0 1 
250mgILs07 A 9 0.0049 0.0012 0.0023 4.094 5.663 0 1 
250mgILS07 A 10 0.0030 0.0009 0.0030 3.403 5.717 0 1 
250 mgIL SO." A 11 0.0030 0,0012 0.0051 3.894 7.285 0 1 
250 mglL SO." A 12 0.0521 0.0009 0.0016 3.995 9.417 0 1 
250 mgIL SO." A 13 0.0019 0.0003 0.0021 2.992 4.616 0 1 
250 mgIL SO." A 14 0.0016 0.0009 0.0015 2,005 4.403 0 1 
250mgILS07 A 15 0.0017 0.0013 0.0015 2.901 4.915 0 1 
250mgILS07 A 16 0.0013 0.0002 0.0033 3.148 3.678 0 1 
250 mgIL SO:. A 17 0.0016 0.0002 0.0018 3.712 4.199 0 1 
250 mgIL SO:. A 18 0.0046 0.0010 0.0035 2.704 6.366 0 1 
250 mgIL SO:. A 19 0.0053 0.0009 0.0026 3.560 3;568 0 1 
250 mgIL SO:. A 20 0.0023 0.0009 0.0009 3.236 4.447 0 1 
250 mgIL SO." A 21 0.0021 0.0009 0.0025 2.088 1.412 0 1 
250 mgIL SO:. A 22 0.0019 0.0002 0.0002 3.370 6.562 0 1 
250 mgIL SO." A 23 0.0012 0.0004 0.0019 0.997 1.462 0 1 
250 mgIL SO," A 24 0.0058 0.0003 0.419 ,2.954 0 0 
250 mgIL SO," A 25 0.0115 0.0004 1.519 4.069 0 0 
250 mgIL SO," B 1 0.0016 0.0007 0.0019 2.685 8.327 0 1 
250 mgIL SO:' B 2 0.0025 0.0002 0.0037 2.915 2.723 0 1 
250 mgIL 507 B 3 0.0019 0.0008 0.0007 2.313 4.503 0 1 
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Sample Rep Seed Shoot Root Biomass Length Length (lor 0) Leaf 

Descrlptton No. No. Wt (g) Wt(g) Wt(g) (cm) (em) No. 
250 mgIL SO/- B 4 0.0010 0.0009 0.0020 3.915 5.489 0 1 
250 mgIL 50/' B 5 0.0023 0.0007 0.0017 3.254 4.219 0 1 
250 mgIL SO/- B 6 0.0026 0.0007 0.0008 3.806 3.795 0 1 
250 mgIL 50/' B 7 0.0030 0.0004 0.0035 7.234 2.443 0 1 
250 mgIL SO.'. B 8 0.0027 0.0005 0.0039 3.119 4.922 0 1 
250 mgIL 50/' B 9 0.0021 0.0011 0.0011 3.711 5.655 0 1 
250 mgIL 50/' B 10 0.0015 0.0008 0.0023 3.845 6.848 0 1 
250 mgIL SO.'. B 11 0.0027 0.0010 0.0020 5.643 8.763 0 1 
250 mgIL 50/' B 12 0.0028 0.0009 0.0012 2.919 5.845 0 1 
250 mgIL SO•. B 13 0.0033 0.0008 0.0041 5.773 7.27,3 0 1 

250 mgIL SO.' B 14 0.0023 0.0012 0.0007 3.248 10.826 0 1 
250 mgIL SO.' B 15 0.0035 0.0010 0.0019 5.445 3.456 0 1 
250 mgIL 50.'- C 1 0.0023 0.0001 0.0024 3.308 1.842 0 1 
250 mgIL SO.' C 2 0.0023 0.0008 0.0004 4.333 2.934 0 1 
250 mgIL SO.'. C 3 0.0010 0.0004 0.0032 3.863 5.471 0 1 
250 mglL SO.' C 4 0.0023 0.0015 0:0008 2.785 1.226 0 1 
250 mgIL SO.' C 5 0.0020 0.0001 0.0017 3.136 3.836 '0 1 
250 mgIL SO.' C 6 0.0020 0.0009 0.0028 4.481 4.546 0 1 
250 mgIL SO.'. C 7 0.0021 0.0003 0.0023 2.773 3.466 0 1 

250 mgIL SO." C 8 0.0019 0.0006 2.743 1.692 0 0 
250 mgIL SO.'. C 9 0.0013 0.0009 0.0019 2.887 3.518 0 1 
250 mgIL 50/' C 10 0.0020 0.0008 0.0027 5.584 3.723 0 1 
250 mgIL 50/' C 11 0.0018 0.0001 0.0011 2.445 4.145 0 1 
250 mgIL SO." C 12 0.0028 0.0009 0.0029 4.269 4,977 0 1 
250 mgIL SO.'. C 13 0.0027 0.0004 0.0014 4.677 1.717 0 1 
250 mgIL SO.'. C 14 0.0026 0.0008 0.0008 3.599 3.668 0 1 
250 mgIL SO.' C 15 0.0027 0.0007 0.0025 5.910 1.402 0 1 
250 mgIL SO." .C 16 0.0011 0.0000 3,909 1.476 :0 0 
250 mgIL SO.' C 17 0.0020 0.0005 0.0022 3.282 4.895 0 1 
250 mgIL SO.'. C 18 0.0007 0.0008 0.0006 3.393 2.337 0 1 

250 mgIL 50"- C '19 0.0022 0.0007 0.0030 3.446 .6.328 0 1 
250 mgIL 50.'- 0 1 0.0035 0.0004 0.0048 3.476 3.379 0 1 
250 mgILSO.' 0 2 0.0015 0.0008 0.0025 2.682 3.708 0 1 
250 mgIL SO/- 0 3 0.0011 0.0005 0.0009 3.248 2.949 0 1 
250 mgIL SO•. 0 4 0.0019 0.0006 0.0027 2.341 4.302 0 1 
250 mgIL SO." 0 5 0.0037 0.0005 0.0024 3.660 '1.398 0 1 
250 mgIL SO.:' 0 6 0.0016 0.0010 0.0035 3.269 2.662 0 1 
250 mgIL SO.' 0 7 0.0019 0.0001 0.0048 3.150 2.371 0 1 
250 mgIL SO••. 0 8 0.0011 0.0007 0.0018 2.685 2.712 0 1 
250 mglL SO.'. 0 9 0.0013 0.0005 0.0038 3.259 4.054 0 1 
250 mgIL 50/' 0 10 0.0025 0.0002 0.0036 2.721 3.251 0 1 
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Sample Rep seed Shoot Root Biomass Length Length (1 or 0) Leaf 

Description No. No. wt fill wt 1111 wt IlIl Icml Icm' No. 
250 mgIL SO.2. D 11 0.0076 0.0051 0.0068 3.802 1.816 0 1 
250 mglL SO•. D 12 0.0027 0.0006 0.0020 3.900 3.855 0 1 
250 mglL sol' D 13 0.0019 0.0007 0.0001 3.625 5.614 0 1 
250 mgIL SO.2. D 14 0.0017 0.0002 0.0031 2.925 3.716 0 1 
250 mglL SO.'. D 15 0.0018 0.0002 0.0023 3.720 1.367 0 1 
1000 mgIL SO:' A 1 0.0019 0.0000 0.0023 2.967 2.016 '0 1 
1000 mgIL SO.~ A 2 0.0022 0.0003 0.0013 3.234 3.746 0 1 
1000 mgIL SO:' A 3 0.0015 0.0004 0.0020 2.312 4.095 0 1 
1000 mgIL SO:. A 4 0.0019 0.0002 0.0016 3.149 3.424 0 1 
1000 mgIL SO;. A 5 0.0024 0.0001 0.0014 3.728 1.581 0 1 
1000 mgIL SO;. A 6 0.0005 0.0004 0.0015 2.419 2.406 0 1 
1000 mgIL SO;. A 7 0.0014 0.0009 0.0018 3.800 2.967 0 1 
1000 mgIL SO:. A 8 0.0037 0.0000 O.OODS 5.413 2.899 0 1 
1000 mgIL SO:. A 9 0.0021 0.0007 0.0008 2.119 .2.505 0 1 
1000 mgIL SO.~ A 10 0.0032 0.0018 0.0036 3.368 3.308 0 1 
1000 mgIL SO;- A 11 0.0017 0.0004 0.0015 3.660 3.561 0 1 
1000 mgIL SO;- A 12 0.0012 0.0005 0.0055 8.727 0.944 0 1 
1000 mgIL SOl' A 13 0.0025 0.0001 0.0020 3.300 3.456 0 1 
1000 mgIL SO:. A 14 0.0026 0.0005 0.0020 3.857 5.212 0 1 
1000 mgIL SO.~ A 15 0.0040 0.0002 0.0022 4.361 2.035 0 1 
1000 mgIL SO:. A 16 0.0035 0.0002 0.0043 5.477 2.208 0 1 
1000 mgIL SO:. A 17 0.0021 0.0002 0.0020 2.973 4.848 0 1 
1000 mgIL SO:. A 18 0.0015 0.0002 0.0000 3.299 2.578 0 1 
1000 mgIL SO;. A 19 0.0057 0.0029 0.0064 2.934 2.463 0 1 
1000 mgIL SO/. A 20 0.0022 0.0002 0.0061 3.090 2.583 0 1 
1000 mgIL So/. a 1 0.0022 0.0003 0.0010 3.519 1.891 0 1 
1000 mgIL SO:- a 2 0.0016 0.0008 0.0012 1.627 4.635 0 1 
1000 mgIL SO:. a 3 0.0030 0.0001 0.0013 2.741 1.496 0 1 
1000 mgIL SO:. a 4 0.0009 0.0008 0.0015 2.665 3.065 0 1 
1000 mgIL sol' a 5 0.0022 O.OODS 0.0024 3.369 3.872 0 1 
1000 mgIL SO;. a 6 0.0011 0.0003 3.164 2.259 0 0 
1000 mgIL SO;. a 7 0.0012 0.0011 0.0013 1.892 5.303 0 1 
1000 mgIL SO;. a 8 0.0013 0.0004 0.0021 2.635 4.028 0 1 
1000 mgIL SO:. a 9 0.0024 0.0005 0.0040 3.817 3.716 0 1 
1000 mgIL SO/' a 10 0.0029 0.0003 0.0012 3.975 2.965 0 1 
1000 mglL SO:. a 11 0.0023 0.0006 0.0025 4.277 5.390 0 1 
1000 mgIL SO.~ a 12 0.0012 0.0003 0.0024 2.407 4.580 0 1 
1000 mgIL SO.~ a 13 0.0019 0.0001 0.0014 4.370 1.274 0 1 
1000 mgIL SO;- a 14 0.0022 0.0002 0.0025 2.688 4.668 0 1 
1000 mgIL SO;. C 1 0.0021 0.0005 0.0014 4.919 4.871 0 1 
1000 mgIL SO/. C 2 0.0031 0.0004 0.0033 3.293 3,825 0 1 
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Shoot Root Phytotoxicity Free 
Sample Rep Seed Shoot Root Biomass Length Length (1 or 0) Leaf 

Description No. No. \IVl (g) \IVl (g) \IVl (g) (cm) (em) No. 
1000 mglL 50.2 

- C 3 0.0010 0.0005 3.032 2.462 0 0 

1000 mglL 50.- C 4 0.0015 0.0006 0.0018 2.933 5.029 0 1 

1000 mglL 50.- C 5 0.0021 0.0005 0.0036 3.414 4.191 0 1 

1000 mglL 50.2 
- C 6 0.0020 0.0003 0.0020 2.926 2.193 0 1 

1000 mglL SO. - C 7 00030 0.0003 2.387 2.014 0 0 
1000 mglL 50.- C 8 0.0024 0.0012 0.0036 3.702 7.709 0 1 

1000 mglL 50.- C 9 0.0016 0.0006 0.0018 3.379 5.997 0 1 

1000 mglL 50.'- C 10 0.0025 0.0006 0.0033 3.569 6.283 0 1 
1000 mglL 50.- C 11 0.0017 0.0005 0.0019 3.319 5.675 0 1 

1000 mglL 50.- C 12 0.0028 0.0002 0.0039 4.438 5.362 0 1 

1000 mglL 50.- C 13 0.0013 0.0002 0.0032 3.573 4.148 0 1 
1000 mglL 50.'- C 14 0.0023 0.0003 0.0023 2.563 2.127 0 1 

1000 mglL 50:- C 15 0.0022 0.0001 0.0018 3.095 2.495 0 1 

1000 mglL SO. - C 16 0.0027 0.0003 0.0057 3.165 2.437 0 1 
1000 mglL 50:- C 17 0.0021 0.0006 0.0004 3.155 2.580193799 0 1 

1000 mglL 50.2 
' D 1 0.0020 0.0002 0.0022 3.100 3.120 0 1 

1000 mglL SO. - D 2 0.0021 0.0008 0.0011 3.786 7.205 0 1 

1000 mglL 50:- D 3 0.0023 0.0004 0.0010 3.938 4.036 0 1 

1000 mglL 50:- D 4 0.0018 0.0005 0.0035 2.831 2.193 0 1 

1000 mg/L SO. - D 5 0.0031 0.0004 0.0030 4.415 3.193 0 1 

1000 mg/L 50:- D 6 0.0015 0.0005 0.0025 3.049 3.628 0 1 

1000 mglL 50:- D 7 0.0009 0.0014 0.0006 2.671 6.444 0 1 
1000 mg/L SO.~ D 8 0.0026 0.0006 0.0024 1.848 3.305 0 1 
1000 mglL 50:- D 9 0.0028 0.0005 0.0017 2.365 2.222 0 1 
1000 mg/L 50.'- D 10 0.0006 0.0004 0.0012 2.236 5.541 0 1 
1000 mglLSO.- D 11 0.0025 0.0008 0.0044 3.550 4.424 0 1 

1000 mglL 50.- D 12 0.0016 0.0004 0.0002 2.956 3.041 0 1 

1000 mglL 50:- D 13 0.0029 0.0013 0.0044 2.896 5.284 0 1 
1000 mglL 50.- D 14 0.0021 0.0006 0.0026 2.692 5.252 0 1 

1000 mglL 50.2 
- D 15 0.0012 0.0004 2.949 2.226 0 0 

1000 mg/L 50.'- D 16 0.0018 0.0002 0.0013 3.658 2.994 0 1 
1000 mgIL 50:- D 17 0.0027 0.0004 0.0023 3.738 4.891 0 1 

1000 mglL 50.'- D 18 0.0021 0.0006 0.0028 3.379 4.153 0 1 

1000 mglL SO." D 19 0.0022 0.0000 0.0002 3.522 1.984 0 1 

1000 mglL 50.'- D 20 0.0015 0.0002 0.0003 1.957 2.357 0 1 

1000 mglL 50.'- D 21 0.0017 0.0001 0.0050 3.324 2.336 0 1 

1000 mglL 50.- D 22 0.0027 0.0009 0.0036 4.204 11.478 0 1 

1000 mgILSO:- D 23 0.0009 0.0002 0.0001 3.040 3.379 0 1 
1000 mglL SO. - D 24 0.0019 0.0002 4.119 2.026 0 0 

2500 mglL 50.'- A 1 0.0021 0.0010 0.0006 5.639 7.824 0 1 

2500 mglL 50:- A 2 0.0028 0.0008 0.0005 3.235 3.124 0 1 
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Shoot Root Phytotoxicity Free 
Sample Rep Seed Shoot Root Biomass Length ~= (1 or 0) Leaf 

Description No, No. Wt (g) Wt (g) Wt(g) (cm) No. 
2500 mgIL SO." A 3 0.0027 0.0002 0.0014 2.998 0.981 0 1 
2500 mgIL SO.2- A 4 0.0027 0.0006 0.0014 4.542 6.245 0 1 
2500 mgIL SO.:I- A 5 0.0026 0.0001 0.0024 3.990 0.893 0 1 
2500 mgIL SO.:I- A 6 0.0024 0.0001 0.0003 3.965 3.044 0 1 
2500 mgIL SO. A 7 0.0030 0.0002 0.0027 4.154 2.155 0 1 
2500 mgIL sol' A 8 0.0011 0.0003 0.0019 1.595 3.818 0 1 
2500 mgIL SO.2- A 9 0.0021 0.0005 0.0010 3.785 4.913 0 1 
2500 mgIL sol' A 10 0.0011 0.0006 0.0018 3.062 3.634 0 1 
2500 mgIL sol' A 11 0.0019 0.0000 0.0014 2.999 2.379 0 1 
2500 mgIL SO/- A 12 0.0016 0.0001 0.0033 2.830 2.899 0 1 
2500 mglL SO/' A 13 0.0010 0.0000 0.0016 2.746 2.433 0 1 
2500 mgIL SO." A 14 0.0024 0.0003 0.0018 3.984 4.065 0 1 
2500 mgIL SO." A 15 0.0016 0.0003 0.0029 2.755 4.004 0 1 
2500 mgIL SO/' A 16 0.0023 0.0001 0.0028 4.566 2.041 0 1 
2500 mgIL SO.'. A 17 0.0013 0.0005 0.0009 2.955 7.047 0 1 
2500 mgIL SO.,- A 18 0.0018 0.0006 0.0019 3.196 6.181 0 1 
2500 mgIL SO•. A 19 0.0020 0.0001 0.0012 3.088 3.226 0 1 
2500 mgIL SO/' A 20 0.0016 0.0004 0.0035 2.613 2.678 0 1 
2500 mglL SO." A 21 0.0017 0.0002 0.0027 3.038 3.763 0 1 
2500 mgIL sol' A 22 0.0011 0.0001 0.0007 2.362 3.951 0 1 
2500 mgIL SO." A 23 0.0013 0.0001 0.0006 2.851 5.651 0 1 
2500 mgIL SO." A 24 0.0016 0.0002 0.0005 3.685 3.504 0 1 
2500 mgIL SO/- A 25 0.0005 0.0001 0.0007 2.000 4.795 0 1 
2500 mgIL SO." A 26 0.0025 0.0006 0.0034 4.270 1.966 0 1 
2500 mgIL SO. ,- A 27 0.0031 0.0008 0.0006 2.986 4.548 0 1 
2500 mgIL SO/. B 1 0.0021 0.0010 0.0028 3.517 4.805 0 1 
2500 mgIL SO/' B 2 0.0025 0.0002 0.0039 3.138 1.774 0 1 
2500 mgIL SO.2- B 3 0.0024 0.0003 0.0027 2.796 2.925 0 1 
2500 mgIL SO/' B 4 0.0013 0.0004 0.0026 1.924 4.243 0 1 
2500 mgIL SO.2- B 5 0.0023 0.0008 0.0012 3.228 4.156 0 1 
2500 mgIL SO." B 6 0.0026 0.0006 0.0027 3.829 5.316 0 1 
2500 mgIL SO.2- B 7 0.0015 0.0003 0.0020 3.284 3.835 0 1 
2500 mgIL SO.2- B 8 0.0020 0.0003 0.0061 2.838 1.107 0 1 
2500 mgIL SO.:I- B 9 0.0032 0.0002 0.0038 3.871 2.175 0 1 
2500 mglL sol' B 10 0.0015 0.0004 0.0046 4.379 3.474 0 1 
2500 mgIL SO." B 11 0.0023 0.0008 0.0028 4.193 5.855 0 1 
2500 mgIL SO." B 12 0.0024 0.0003 0.0022 2.938 2.669 0 1 
2500 mgIL SO/, B 13 0.0018 0.0014 0.0021 2.081 10.731 0 1 
2500 mgIL SO." B 14 0.0011 0.0007 0.0023 2.373 8.178 0 1 
2500 mgIL SO/' B 15 0.0015 0.0004 0.0014 2.690 2.499 0 1 
2500 mgIL SO/. B 16 0.0032 0.0005 0.0018 3.480 2.631 0 1 
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Shoot Root Phytotoxicity Free 
sample Rep Seed Shoot Root Biomass Length Length (1 or 0) Leaf 

Description No. No. Wl (0) Wl~ WI (0) (em) (em) No. 
2500 mgIL SO." B 17 0.0017 0.0003 0.0007 1.540 2.023 0 1 

2500 mglL SO." C 1 0.0018 0.0005 0.0026 2.761 1.717 0 1 
2500 mgIL so:' c 2 0.0021 0.0006 0.0036 2.482 2.731 0 1 

2500 mgIL SO." C 3 0.0031 0.0007 0.0014 4.353 2.380 0 1 

2500 mgIL so:' c 4 0.0021 0.0006 0.0016 1.826 2.730 0 1 
2500 mgIL SO." C 5 0.0016 0.0006 0.0025 2.500 3.076 0 1 

2500 mgIL so:' c 6 0.0019 0.0012 0.0027 2.510 4;514 0 1 

2500 mgIL SO." C 7 0.0017 0.0002 0.0024 3.001 2.222 0 1 
2500 mgIL SO.~ C 8 0.0018 0.0011 0.0020 2.137 2.208 0 1 

2500 mgIL SO." C 9 0.0018 0.0003 0.0027 2.922 1.064 0 1 

2500 mgIL SO." C 10 0.0018 0.0003 0.0032 3.147 2.196 0 1 
2500 mgIL so:' c 11 0.0020 0.0003 0.0038 3.112 1.543 0 1 
2500 mgIL SO." C 12 0.0017 0.0002 0.0008 2.344 1.098 0 1 

2500 mgIL so:' c 13 0.0015 0.0005 0.0018 3.272 6.394 0 1 
2500 mgIL SO." C 14 0.0016 0.0005 0.0018 2.603 2.292 0 1 

2500 mgIL 50:- C 15 0.0014 0.0003 0.0008 2.376 2.236 0 1 
2500 mgIL SO. ' C 16 0.0016 0.0002 0.0018 1.892 1.663 0 1 

2500 mgIL SO." C 17 0.0026 0.0002 0.0014 3.509 1.002 0 1 

2500 mgIL SO." D 1 0.0026 0.0005 0.0031 2.651 4.160 0 1 

2500 mglL so:' D 2 0.0024 0.0003 0.0038 3.045 3.196 0 1 
2500 mgIL SO." D 3 0.0023 0.0005 0.0019 3.282 3.444 0 1 

2500 mglL SO." D 4 0.0014 0.0008 0.0014 3.106 7.003 0 1 
2500 mgIL SO." D 5 0.0009 0.0008 0.0036 2.549 3.311 0 1 

2500 mgIL SO." D 6 0,0025 0.0004 0.0020 2.309 1.396 0 1 

2500 mgIL SO." D 7 0.0016 0.0007 0.0022 3.139 5.151 0 1 
2500 mgIL SO. ~ D 8 0.0015 0.0007 0.0016 2.120 3.315 0 1 
2500 mgIL 50:- D 9 0.0014 0.0002 0.0005 2.382 2.178 0 1 

2500 mgIL SO." D 10 0.0029 0,0004 0.0009 2.295 3.205 0 1 

2500 mgIL SO." D 11 0.0019 0.0005 0.0037 2.119 5.404 0 1 

2500 mglL 50/' D 12 0.0016 0.0007 0.0028 3.169 7.023 0 1 

2500 mgIL so:' D 13 0,0013 0.0002 0.0013 2.380 2,654 0 1 
2500 mgIL SO.~ D 14 0.0015 0,0002 0.0020 2.385 1.079 0 1 
2500 mgIL SO. ~ D 15 0.0011 0.0001 0.0015 2,057 1.294 0 1 

2500 mgIL SO. ~ D 16 0,0021 0.0001 0.0014 2.994 1.588 0 1 
2500 mgIL SO.~ D 17 0.0022 0.0003 0.0031 2.234 2.117 0 1 

2500 mgIL SO. ~ D 18 0.0013 0.0005 0.0007 1.662 3.252 0 1 

2500 mgIL so:. D 19 0,0015 0.0003 0.0006 1.773 2.548 0 1 
2500 mglL so:. D 20 0.0025 0.0002 2.673 1.502 0 0 

5000 mgIL SO." A 1 0.0040 0.0005 0.0014 3.596 1.137 0 1 
5000 mglL SO. ~ A 2 0.0009 0.0004 0.0026 2.352 1.506 0 1 
5000 mgIL SO. ~ A 3 0.0010 0,0002 0.0015 1.969 0.765 0 1 
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Shoot Root Phytotoxicity Free 
sample Rep Seed Shoot Root Biomass Length ~= (1 or 0) Leaf 

Description No. No_ WI (g) WI (g) WI (g) (em) No. 
5000 mgIL 50/' A 4 0.0022 0.0013 0.0011 2.995 1.317 1 1 
5000 mgIL so/- A 5 0.0023 0.0004 0.0020 2.811 1.458 0 1 
5000 mglL 50/' A 6 0.0020 0.0004 0.0012 2.405 1.744 1 1 
5000 mgIL 50.2- A 7 0.0019 0.0002 0.0008 1.377 1.084 0 1 
5000 mgIL 50.2- A 8 0.0023 0.0003 0.0024 2.579 1.644 1 1 
5000 mgIL 50.2- A 9 0.0016 0.0007 0.0012 2.307 2.756 0 1 
5000 mgIL 50.'- A 10 0.0013 0.0003 0.0006 1.876 2.293 1 1 
5000 mglL 50.'- A 11 0.0011 0.0002 0.0015 1.885 1.713 0 1 
5000 mgIL 50.2- A 12 0.0015 0.0002 0.890 1.499 1 0 
5000 mgIL so:' A 13 0.0026 0.0001 2.119 1.319 0 0 
5000 mgIL SO.'. A 14 0.0020 0.0007 0.0009 2.967 2.199 1 1 
5000 mglL 50.2- A 15 0.0015 0.0004 0.0016 1.811 1.446 0 1 
5000 mgIL so/- A 16 0.0016 0.0002 3.167 1.239 0 0 
5000 mgIL so•. B 1 0.0020 0.0002 0.0025 1.772 1.417 0 1 
5000 mgIL so/- B 2 0.0029 0.0002 1.776 1.357 0 0 
5000 mglL 50.2- B 3 0.0013 0.0004 0.0003 1.002 0.952 0 1 
5000 mgIL SO." B 4 0.0017 0.0010 2.593 1.265 0 0 
5000 mglL 50/' B 5 0.0014 0.0006 0.0005 2.279 2.375 1 1 
5000 mgIL 50.'- B 6 0.0014 0.0002 0.0008 1.669 0.427 0 1 
5000 mgIL SO.'. B 7 0.0018 0.0003 2.585 1.557 1 0 
5000 mglL so:' B 8 0.0015 0.0006 0.0011 2.253 4.176 1 1 
5000 mglL SO.'. B 9 0.0009 0.0002 4.855 1.005 0 0 
5000 mglL 50.2- B 10 0.0014 0.0007 0.0013 2.268 2.809 1 1 
5000 mglL 50.'- B 11 0.0015 0.0004 0.0010 1.662 2.444 0 1 
5000 mgIL SO." B 12 0.0029 0.0006 0.0023 2.912 3.578 1 1 
5000 mglL 50.2- B 13 0.0025 0.0007 0.0008 2.201 2.191 0 1 
5000 mglL 50.2- B 14 0.0026 0.0005 0.0023 2.838 1.936 0 1 
5000 mgIL SO." B 15 0.0015 0.0014 0.0022 2.301 9.363 1 1 
5000 mgIL 50/' B 16 0.0019 0.0004 0.0006 2.452 2.057 0 1 
5000 mgIL 50.2- B 17 0.0016 0.0006 0.0002 1.674 2.145 0 1 
5000 mglL 50.2- B 18 0.0012 0.0014 0.0015 3.001 5.331 0 1 
5000 mgIL so:' B 19 0.0022 0.0002 0.0020 2.725 1.343 0 1 

5000 mgIL so:' B 20 0.0015 0.0002 0.0005 1.843 2.476 0 1 
5000 mgIL so/- B 21 0.0014 0.0005 1.322 1.716 1 0 
5000 mgIL 50.2- B 22 0.0027 0.0006 0.0012 2.513 3.016 0 1 
5000 mglL SO." B 23 0.0037 0.0006 0.0029 2.872 3.227 0 1 
5000 mgIL 50.'- B 24 0.0018 0.0005 0.0014 2.166 '1.155 0 1 
5000 mgIL 50.2- B 25 0.0021 0.0009 1.517 4.455 0 0 
5000 mgIL SO." C 1 0.0020 0.0001 0.0011 1.917 1.115 1 1 
5000 mglL 50.'- C 2 0.0022 0.0004 0.0010 2.447 2.315 0 1 
5000 mglL 50:- C 3 0.0015 0.0002 0.0008 1.972 1.029 0 1 
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Shoot Root Phytotoxicity Free 
sample Rep Seed Shoot Root Biomass Length Length (1 or 0) Leaf 

Description No. No. wt(g} wt 19} wt (cm) (em) No. 
5000 mglL SO. ~ C 4 0.0011 0.0004 0.0011 2.380 2.204 1 1 

5000 mglL SO. ~ C 5 0.0017 0.0003 0.0020 1.797 2.876 0 1 
5000 mgILSO.~ C 6 0.0024 0.0007 0.0019 1.671 1.999 0 1 
5000 mgIL SO. ~ C 7 0.0022 0.0004 0.0029 2.760 2.303 1 1 
5000 mgIL SO. ~ C 8 0.0011 0.0004 0.0027 1.522 1.535 1 1 
5000 mgIL SO:" C 9 0.0011 0.0002 0.0014 2.825 1.856 1 1 
5000 mglL SO:" C 10 0.0018 0.0004 0.0004 1.679 1.554 0 1 
5000 mglL SO. ~ C 11 0.0012 0.0004 0.0014 1.830 1.364 1 1 
5000 mgIL SO.~ C '12 0.0017 0.0005 0.0037 3.025 2.036 1 1 
5000 mgIL SO." C 13 0.0024 0.0004 0.0014 2.826 2.249 0 1 
5000 mglL SO.'" C 14 0.0032 0.0004 0.0010 1.749 1.797 0 1 
5000 mgIL SO.~ C 15 0.0028 0.0005 0.0015 3.009 1.935 0 1 
5000 mgIL SO. ~ C 16 0.0026 0.0015 0.0017 1.955 4.003 0 1 
5000 mgIL SO:' C 17 0.0018 0.0015 0.0014 1.681 0.999 0 1 
5000 mgIL SO:" C 18 0.0026 0.0005 0.0011 1.940 1.531 0 1 
5000 mgIL 50/' C 19 0.0018 0.0004 0.0017 2.753 3.344 1 1 
5000 mgIL SO •. C 20 0.0023 0.0003 0.0020 2.308 1.079 1 1 
5000 mgIL 50/" C 21 0.0010 0.0006 0.0015 1.860 1.296 0 1 

5000 mgIL SO."" C 22 0.0006 0.0009 0.590 2.452 1 0 
5000 mgIL SO.'" D 1 0.0015 0.0013 0.0020 2.457 2.533 1 1 
5000 mgIL SO:" D 2 0.0016 0.0005 0.0018 2.499 2.937 0 1 
5000 mglL SO:' D 3 0.0009 0.0003 0.0008 1.234 2.780 0 1 
5000 mglL SO:" D 4 0.0017 0.0002 0.0011 2.145 0.833 1 1 
5000 mgIL SO. ~ D 5 0.0018 0.0005 0.0016 2.686 2.192 0 1 
5000 mglL SO." D 6 0.0028 0.0005 0.0022 2.745 2.067 0 1 
5000 mglL SO:" D 7 0.0022 0.0007 0.0011 2.837 1.937 0 1 
5000 mglL SO:" D 8 0.0010 0.0001 0.0011 1.531 1.400 1 1 

5000 mgIL SO." D 9 0.0019 0.0003 0.0004 1.946 1.845 0 1 
5000 mglL 50/' D 10 0.0006 0.0005 0.0014 2.367 1.325 1 1 
5000 mglL 50/" D 11 0.0015 0.0005 0.0019 2.447 1.900 0 1 
5000 mglL SO.'" D 12 0.0018 0.0004 0.0008 2.322 2.672 0 1 
5000 mgIL SO:" D 13 0.0022 0.0002 0.0012 2.210 2.126 .0 1 
5000 mgIL SO." D 14 0.0015 0.0004 4.511 3.209 1 0 
5000 mgIL SO.'" D 15 0.0018 0.0006 0.0023 1.817 3.264 1 1 
5000 mgIL SO:" D 16 0.0011 0.0004 0.0007 2.378 2.208 1 1 

5000 mglL SO." D 17 0.0020 0.0003 0.0005 1.660 2.337 0 1 

5000 mgIL 50/' D 18 0.0013 0.0002 0.0012 2.246 1.554 1 1 
5000 mgIL SO." 0 19 0.0014 0.0004 0.0002 2.641 1.975 0 1 

5000 mgIL SO." D 20 0.0011 0.0002 0.0011 1.697 1,812 1 1 

5000 mgIL SO.'" D 21 0.0009 0.0006 1.221 2.762 1 0 
5000 mglL SO •. 0 22 0.0028 0.0004 0.0007 1.815 3.467 0 1 
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Shoot Root Phytotoxicity Free
Sample Rep Seed Shoot RoOt Biomass Length ~=(1 or 0) Leaf

Description No. No. W! (g)~~ (em) No.
0.8 ml>Cl A 1 0.0012 0.0004 0.0015 1.929 4.326 0 1
0.8 mea l A 2 0.0014 0.0004 0.0043 2.079 3.011 0 1
0.8 mea l A 3 0.0012 0.0001 0.0028 2.710 2.806 0 1
0.8 m""n A 4 0.0024 0.0002 0.0055 2.856 1.443 0 1
0.8 mea A 5 0.0015 0.0003 0.0042 2.638 3.985 0 1
0.8 mea l A 6 0.0019 0.0004 0.0039 2.634 4.518 0 1
0.8 mea A 7 0.0012 0.0009 0.0041 3.031 4.311 0 1
0.8 mea l A 8 0.0010 0.0002 0.0009 1.287 2.642 0 1
0.8 mea l A 9 0.0007 0.0002 0.0007 1.035 1.756 0 1
0.8 mea A 10 0.0006 0.0004 0.809 2.324 0 0
0.8 mea B 1 0.0021 0.0003 0.0028 3.001 2.668 0 1
0.8 mea B 2 0.0008 0.0001 0.0030 0.839 1.898 0 1
0.8 mea B 3 0.0018 0.0005 0.0046 2.384 4.240 0 1
0.8 mea B 4 0.0007 0.0002 0.0015 2.485 3.083 0 1
0.8 mea l. B 5 0.0012 0.0002 0.0025 2.707 2.664 0 1
0.8 mea B 6 0.0030 0.0004 0.0036 3.757 2.957 0 1
0.8 mea B 7 0.0022 0.0005 0.0028 2.260 7.411 0 1
0.8 mea l B 8 0.0015 0.0005 0.0033 2.084 3.554 0 1
0.8 mea B 9 0.0014 0.0002 0.0046 1.817 2.594 0 1
0.8 mea l B 10 0.0014 0.0004 0.0012 3.101 2.760 0 1
0.8 mea B 11 0.0012 0.0003 1.845 1.852 0 0
0.8 mea B 12 0.0009 0.0008 0.0008 0.974 1.964 0 1
0.8 meal B 13 0.0009 0.0004 0.0002 1.459 2.000 0 1
0.8 mea B 14 0.0007 0.0012 0.0028 1.169 2.512 .0 1
0.8 meal C 1 0.0018 0.0003 1.682 8.296 0 0
0.8 mea l C 2 0.0024 0.0005 0.0028 3.814 4.759 0 1
0.8 m"" C 3 0.0022 0.0002 0.0037 2.696 2.210 0 1
0.8 m"" l C 4 0.0025 0.0004 0.0030 2.760 3.220 0 1
0.8 mea l C .5 0.0015 0.0006 0.0033 2.113 3.243 0 1
0.8 m"" L. C 6 0.0007 0.0001 0.0020 1.356 2.482 0 1
0.8 m"" C 7 0.0018 0.0001 0.0027 2.748 1.359 0 1
0.8 m""'l C 8 0.0021 0.0002 0.0015 4.126 1.711 0 1
0.8 meall C 9 0.0013 0.0006 0.0012 1.496 4.936 0 1
0.8 m""tf C 10 0.0015 0.0001 1.777 0.604 0 0
0.8 m"" l D 1 0.0014 0.0004 0.0010 2.935 4.312 0 1
0.8 meaIL D 2 0.0014 0.0003 0.0028 1.733 2.582 0 1
0.8meaIL D 3 0.0013 0.0003 0.0009 2.388 3.852 0 1
0.8 mea l D 4 0.0011 0.0004 0.0011 3.541 2.745 0 1
0.8 meaIL D 5 0.0012 0.0007 0.0010 3.236 4,564 '0 1
0.8 meal D 6 0.0021 0.0004 0.0022 3.026 6.164 0 1
0.8 meaIL 0 7 0.0013 0.0006 0.0012 1.986 <1.518 0 1
0.8 mec L. D .8 0.0011 0.0006 0.0020 1.986 .3.954 0 1
0.8m1 0 9 0.0021 0.0007 2.134 .3.738 0 0
4.2~ A 1 0.0026 0.0005 0.0034 3.154 5.264 0 1
4.2 m",,'ii' A 2 0.0023 0.0003 0.0034 2.701 5.064 0 1
4.2 meaIL A 3 0.0021 0.0005 0.0035 3.205 4.703 ;0 1
4.2 m""'l A 4 0.0015 0.0002 0.0042 2,176 2.979 :0 1
4.2 mec l A 5 0.0018 0.0003 0.0017 2.810 .5.289 0 1
4.2 meaIL A .6 0.0019 0.0005 0.0019 1.964 5.338 0 1
4.2 mec l A 7 0.0030 0.0005 0.0033 4.066 2.914 0 1
4.2 meaIL A 8 0.0019 0.0004 0.0025 2.435 6.837 0 1
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Shoot Root Phytotoxicity Free 
sample Rep Seed Shoot Root Biomass Length Length (1 or 0) Leaf 

Description No. No. WI (gl Wllal Wllal Icml Icml No. 
4.2 mealL B 1 0.0013 0.0003 0.0024 2.115 2.223 0 1 
4.2 meClJL B 2 0.0018 0.0004 0.0030 3.100 1.585 0 1 
4.2 mea L B 3 0.0015 0.0005 0.0026 2.405 2.802 0 1 
4.2 meq L B 4 0.0018 0.0005 0.0030 3.318 2.558 0 1 
4.2 mea L B 5 0.0016 0.0004 0.0010 3.467 8.294 0 1 
4.2 meq L B 6 0.0026 0.0004 0.0016 2.512 4.334 0 1 
4.2 meClJL B 7 0.0019 0.0004 1.064 6.406 0 0 
4.2 meClJL C 1 0.0019 0.0003 0.0006 2.693 4.138 0 1 
4.2 meClJL C 2 0.0011 0.0002 0.0004 1.886 2.939 0 1 
4.2 meClJ C 3 0.0015 0.0005 0.0022 2.164 7.062 0 1 
4.2 mealL C 4 0.0034 0.0005 0.0036 4.309 4.261 0 1 
4.2 mea L C 5 0.0008 0.0003 0.0008 2.059 4.265 0 1 
4.2 mea C 6 0.0011 0.0002 0.0003 2.954 3.308 0 1 
4.2 mea L C 7 0.0014 0.0003 0.0002 2.366 3.085 0 1 
4.2 mea L C 8 0.0012 0.0005 0.0013 2.600 3.179 0 1 
4.2 meq L C 9 0.0010 0.0002 0.0003 1.803 2.788 0 1 
4.2 mea L C 10 0.0015 0.0003 0.0003 2.587 3.618 0 1 
4.2 meq L C 11 0.0016 0.0005 0.0007 2.127 2.576 0 1 
4.2 mea L C 12 0.0021 0.0001 0.0018 3.419 2.578 0 1 
4.2 mea L C 13 0.0019 0.0003 0.0017 2.447 4.188 0 1 
4.2 meq L D 1 0.0032 0.0011 0.0034 4.638 8.175 0 1 
4.2 mea L D 2 0.0013 0.0010 0.0040 2.781 6.495 0 1 
4.2 mea L D 3 0.0014 0.0002 0.0018 3.121 5.259 0 1 
4.2 mea L D 4 0.0021 0.0001 0.0004 2.219 1.777 0 1 
4.2 mea L D 5 0.0011 0.0007 0.0027 1.421 8.364 0 1 
4.2 meq L D 6 0.0030 0.0002 0.0043 3.250 3.284 0 1 
4.2 mea L D 7 0.0016 0.0002 3.025 2.097 0 0 
4.2 meq L D 8 0.0014 0.0003 0.0001 2.329 2.643 0 1 

19.8 mea L A 1 0.0019 0.0004 0.0041 3.404 2.621 0 1 
19.8 mealL A 2 0.0012 0.0004 0.0035 1.592 2.878 0 1 
19.8 mea L A 3 0.0012 0.0003 0.0039 1.978 2.592 0 1 
19.8 mea L A 4 0.0018 0.0011 0.0040 2.494 6.612 0 1 
19.8 mea A 5 0.0022 0.0003 0.0017 2.869 2.900 0 1 
19.8 mea L A 6 0.0019 0.0004 0.0032 2.005 2.129 0 1 
19.8 mea L A 7 0.0007 0.0009 0.465 6.276 0 0 
19.8 mea L A 8 0.0012 0.0003 0.0018 1.528 1.492 0 1 
19.8 mea L A 9 0.0015 0.0003 0.0009 2.267 2.701 0 1 
19.8 mea L A 10 0.0018 0.0001 0.0035 2.406 1.619 0 1 
19.8 meq/L A 11 0.0018 0.0003 0.0007 1.730 0.970 0 1 
19.8 mea A 12 0.0020 0.0004 0.0006 2.473 1.644 0 1 
19.8 mec L B 1 0.0019 0.0002 0.0022 2.144 1.667 0 1 
19.8 mea L B 2 0.0009 0.0007 0.169 3.293 0 0 
19.8 mec L B 3 0.0011 0.0002 0.0033 1.674 1.292 0 1 
19.8 mec L B 4 0.0013 0.0001 0.0010 2.016 1.165 0 1 
19.8 meaL B 5 0.0017 0.0003 0.0012 3262. 1.297 0 1 
19.8 meaL B 6 0.0022 0.0001 0.0009 2.590 1.006 0 1 
19.8 meaL C 1 00019 0.0002 0.0017 2.031 2.632 0 1 
19.8 meaL C 2 0.0010 0.0003 0.0018 2.656 3.729 0 1 
19.8 meaL C 3 0.0022 0.0003 0.0029 2.612 2.005 0 1 
19.8 meaL C 4 0.0017 0.0005 0.0028 3.843 3.564 0 1 
19.8 meaL C 5 0.0018 0.0009 0.0014 2.055 6.447 0 1 
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Shoot Root Phytotoxicity Free 
Sample Rep Seed Shoot Root Biomass Length ~;~ {1 or 0) Leaf 

Description No. No. wt(gl :O~wt (1I) (cm) No. 
19.8 menn C 6 0.0006 0.0046 4.235 3.987 0 1 
19.8 meaIL C 7 0.0016 0.0005 0.0014 2.038 1.978 0 1 
19.8 meaIL C 8 0.0019 0.0003 1.872 1.001 0 0 
19.8 meaIL C .9 0.0005 0.0003 0.0028 1.966 2.175 0 1 
19.8 meaIL C 10 0.0014 0.0002 0.0011 1.491 2,909 0 1 
19.8 meaIL 0 1 0.0016 0.0002 0.0040 2.676 2.243 0 1 
19.8 mee 0 2 0.0006 0.0003 0.0003 1.950 3.731 0 1 
19.8 mee 0 3 0.0018 0.0002 0.0014 3.208 3.146 0 1 
19.8 mee 0 4 0.0013 0.0004 0.0007 1.896 3.796 0 1 
19.8 mee 0 5 0.0017 0.0004 0.0014 2,638 5.276 0 1 
19.8 mee 0 6 0.0021 0.0003 2.442 3.155 0 0 
19.8 mee 0 7 0.0013 0.0008 0.0007 1.396 4.697 0 1 
19.8 mee 0 8 0.0016 0.0004 0.0014 1.609 4.407 0 1 
19.8 mee 0 9 0.0017 0.0003 0.0007 2.078 2.332 0 1 
19.8 mee 0 10 0.0011 0.0005 0.0009 2.031 3.590 0 1 
51.1 ~ L A 1 0.0019 0.0005 0.0033 2.865 3.198 0 1 
51.1 me A 2 0.0011 0.0002 0.0021 2.733 1.176 0 1 
51.1 tnea'L A 3 0.0017 0.0006 0.0007 3.027 2.580 0 1 
51.1 menJ A 4 0.0018 0.0002 0.0008 1.544 1.362 0 1 
51.1 menJ A 5 0.0014 0.0004 0.0019 2.668 3.275 0 1 
51.1 meQJ A 6 0.0020 0.0003 0.0022 2.986 0.859 0 1 
51.1 menn A 7 0.0016 0.0005 0.0012 2.803 2.944 0 1 
51.1 menn A 8 0.0018 0.0002 0.0006 2.724 1.534 :0 1 
51.1 meaIL A 9 0.0020 0.0004 0.0023 2.104 1.850 0 1 
51.1 meaIL A 10 0.0017 0.0001 0.0012 2.406 1.736 0 1 
51.1 menn A 11 0.0021 0.0002 0.0052 2.337 1.747 0 1 
51.1 meaIL A 12 0.0012 0.0002 2.420 2.908 1 0 
51.1 meaIL A 13 0.0023 0.0002 0.0010 2.251 1.768 0 1 
51.1 menn A 14 0.0020 0.0003 0.0014 2.862 1.443 0 1 
51.1 meaIL A 15 0.0010 0.0003 1.397 2.216 0 0 
51.1 meaIL A 16 0.0017 0.0001 0.0012 3.547 8.045 0 1 
51.1 meaIL A 17 0.0015 0.0001 0.0017 2.636 1.841 0 1 
51.1 meaIL A 18 0.0022 0.0006 0.0021 2.699 1.636 0 1 
51.1 meaIL A 19 0.0022 0.0003 1.947 1.968 1 0 
51.1 meaIL A 20 0.0012 0.0005 0.0016 2.623 3.400 0 1 
51.1 meaIL A 21 0.0014 0.0004 0.0020 2.435 3.076 0 1 
51.1 meaIL B 1 0.0019 0.0001 0.0027 2.886 1.430 0 1 
51.1 meaIL B 2 0.0011 0.0008 0.0006 2.406 3.744 0 1 
51.1 meQ/L B 3 0.0028 0.0002 0.0024 2.586 3.461 0 1 
51.1 meQ/L B 4 0.0012 0.0001 0.0033 2,068 2.049 0 1 
51.1 mea B 5 0.0015 0.0001 0.0012 3.246 1.629 0 1 
51.1 meo B 6 0.0015 0.0003 0.0019 3.453 3.175 0 1 
51.1 mea B 7 0.0017 0.0001 0.0017 2.594 3.624 0 1 
51.1 mea B 8 0.0021 0.0008 0.0036 2.153 '5.442 0 1 
51.1 mee B 9 0.0016 0.0006 0.0004 3.080 6.061 0 1 
51.1 mea B 10 0.0016 0.0003 0.0030 2.637 5.029 1 1 
51.1 mea B 11 0.0013 0.0002 0.0002 2.352 2.240 0 1 
51.1 mea B 12 0.0002 0.0004 0.0011 1.091 2.447 0 1 
51.1 mea C 1 0.0018 0.0009 0.0018 2.792 5.754 0 1 
51.1 mea C 2 0.0020 0.0003 0.0023 2.500 2.825 0 1 
51.1 mea C 3 0.0012 0.0006 0.0009 1.756 4.004 0 1 
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Shoot Root Phytotoxicity Free 
Sample Rep Seed Shoot Root Biomass Length Length (1 or 0) Leaf 

Description No. No. WI (g) WI (A) WI (A) (em) (cm) No. 
51.1 meaL C 4 0.0020 0.0005 0.0035 2.810 2.589 0 1 
51.1 mea C 5 0.0022 0.0005 0.0023 2.336 4.931 0 1 
51.1 meaL C 6 0.0025 0.0002 6.094 0.654 0 0 
51.1 mea C 7 0.0016 0.0006 0.0018 1.799 2.970 0 1 
51.1 mea 0 1 0.0019 0.0003 0.0042 2.333 3.606 0 1 
51.1 meaL 0 2 0.0017 0.0003 0.0018 2.080 0.852 0 1 
51.1 mea 0 3 0.0014 0.0004 0.0016 2.679 4.231 0 1 
51.1 meaL 0 4 0.0020 .0.0005 0.0027 2.398 .3.353 0 1 
51.1 mea 0 5 0.0022 0.0006 0.0023 2.392 .3.324 0 1 
51.1 mea 0 6 0.0016 0.0005 0.0018 2.345 4.443 0 1 
51.1 mea 0 7 0.0015 0.0008 0.0034 1.550 .4.714 0 1 
51.1 mea 0 8 0.0014 0.0004 2.367 2.452 0 0 
51.1 mea 0 9 0.0024 0.0003 0.0002 1.908 2.518 0 1 
51.1 mea 0 10 0.0012 0.0007 0:0014 . 1.844 7.374 0 1 
51.1 meaL 0 11 0.0011 0.0006 0.0017 1.314 7.268 0 1 
51.1 mea 0 12 0.0017 0.0006 0.0016 1.854 2.771 0 1 
51.1 mea 0 13 0.0017 0.0006 0.0012 3.434 4.453 '0 1 
51.1 mea 0 14 0.0018 0.0006 0.0013 2.699 3.053 0 1 
51.1 mea 0 15 0.0020 0.0007 0.0007 2.289 3.256 0 1 
51.1 mea 0 16 0.0016 0.0008 2.487 4.215 1 0 
51.1 mea 0 17 0.0013 0.0004 2.138 2.289 0 0 
51.1 mea 0 18 0.0011 0.0004 1.824 2.586 a 0 
103.2 meQlL A 1 0.0013 0.0007 0.0021 1.581 .2.945 1 1 
103.2 meQlL A 2 0.0015 0.0005 0.0020 2.252 2.285 0 1 
103.2 meolL A 3 0.0015 0.0003 0.0027 2.046 1.288 0 1 
103.2 meolL A 4 0.0013 0.0001 0.0012 1.926 2.264 0 1 
103.2 meolL A 5 0.0016 0.0001 0.0001 3.109 1.243 0 1 
103.2 meolL A 6 0.0014 0.0004 0.0022 2.064 1.180 0 1 
103.2 meolL A 7 0.0010 0.0003 0.0006 2.334 1.837 0 1 
103.2 meolL A 8 0.0016 0.0004 0.0014 2.014 2.342 1 1 
103.2 meolL A 9 0.0020 0.0010 0.0016 2.237 2.662 0 1 
103.2 mealL B 1 0.0021 0.0005 0.0021 2.177 2.207 1 1 
103.2 mealL B 2 0.0013 0.0004 0.0018 2.186 .1.403 .0 1 
103.2 mealL B 3 0.0015 0.0002 0.0014 2.271 2.024 1 1 
103.2 rIlealL B 4 0.0018 0.0005 0.0018 2.300 1.520 1 1 
103.2 mealL B 5 0.0013 0.0001 0.0011 2.651 0.826 0 1 
103.2 mealL B 6 0.0010 0.0004 0.0006 1.817 1.620 0 1 
103.2 mealL B 7 0.0008 0.0007 0.0015 1.591 4.652 1 1 
103.2 mealL B 8 0.0011 0.0001 0.0008 1.909 '1.587 1 1 
103.2 mealL C 1 0.0009 0.0006 0.0016 2.322 2.178 0 1 
103.2 meolL C 2 0.0012 0.0008 0.0015 1.343 3.159 0 1 
103.2 meQlL C 3 0.0014 0.0004 0.0009 2.017 1.519 0 1 
103.2 meolL C 4 0.0012 0.0004 0.0018 1.452 1.689 0 1 
103.2 mealL C 5 0.0013 0.0007 0.0016 2.050 3.632 0 1 
103.2 meolL C 6 0.0016 0.0005 0.0014 1.859 2.596 1 1 
103.2 meolL C 7 0.0012 0.0003 0.0016 1.914 1.308 1 1 
103.2 mealL C 8 0.0005 0.0006 0.0009 1.515 2.101 0 1 
103.2 meolL C 9 0.0010 0.0003 0.0011 2.107 1.176 0 1 
103.2 mealL C 10 0.0012 0.0001 2.131 1.056 1 0 
103.2 meolL C 11 0.0015 0.0004 0.0007 1.196 2.146 0 1 
103.2 mealL 0 1 0.0018 0.0003 0.0013 2.617 1.837 1 1 
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'Shoot Root Phytotoxicity Free

Sample Rep Seed Shoot Root Biomass Length Length (.'Ior OJ Leaf
Description No. No. W1~ . W1iul '(crill (crill No.
103.2 m;;;>A... 0 .2 0.0019 0.0004 0.0010 2.185 .3.670 10 1
103.2 m;;;>A... 0 3 0.0027 0.0005 0.0016 2.395 2:160 1 1
103.2 meaA... 0 4 0.0016 0.0005 0.0014 2.966 2.673 0 1
103.2 meaA... 0 5 0.0009 0.0004 0.0013 . 1.316 ,2:509 1 '1
103.2 meaA... 0 6 0;0020 0.0003 0,0021 2.425 ,0.726 iO 1
103.2meaA... 0 :, 0.0009 0.0004 0.00.13 2.966. 2.544 1 1
103.2 meaA... 0 6 0.0005 0,0001 0,0002 1.401 '1,~91 :0 1
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Shoot Root Phytotoxicity Free 
Sample Rep Seed Shoot Root Biomass Length Length (1 or 0) Leaf 

Description No. No. Wt (g) Wt(g) Wt (g) (cm) (cm) No. 
H5-1 1:4 A 1 0.0035 0.0007 0.0086 3.219 7.094 0 3 
H5-1 1:4 A 2 0.0026 0.0005 0.0033 3.156 4.452 0 2 
HS-1 1:4 A 3 0.0022 0.0011 0.0069 2.731 12.356 0 5 
HS-1 1:4 A 4 0.0023 0.0004 0.0056 3.193 5.210 0 4 
HS-1 1:4 A 5 0.0043 0.0001 0.0079 4.326 3.132 0 6 
HS-1 1:4 A 6 0.0017 0.0006 0.0096 2.971 4.453 0 5 
H5-1 1:4 A 7 0.0026 0.0004 0.0052 4.060 3.600 0 4 
HS-1 1:4 A 6 0.0046 0.0005 0.0056 5.597 4.115 0 3 
H5-1 1:4 A 9 0.0023 0.0001 0.0007 2.166 2.961 0 3 
HS-1 1:4 A. 10 0.0031 0.0001 0.0014 4.513 1.052 0 5 
HS.1 1:4 A 11 0.0007 0.0002 0.0006 2.737 5.657 0 1 
HS-1 1:4 B 1 0.0029 0.0005 0.0076 3.024 3.263 0 7 
HS.1 1:4 B 2 0.0039 0.0004 0.0096 3.776 3.713 0 5 
HS-1 1:4 B 3 0.0016 0.0006 0.0036 4.044 4.729 0 4 
HS-1 1:4 B 4 0.0024 0.0005 0.0057 2.479 4.267 0 3 
H5-1 1:4 B 5 0.0021 0.0010 0.0046 3.159 11.701 0 4 
HS'1 1:4 B 6 0.0040 0.0014 0.0070 6.376 5.997 0 3 
HS-1 1:4 B 7 0.0013 0.0005 0.0062 4.935 3.663 0 6 
HS.1 1:4 B 6 0.0025 0.0009 0.0065 3.597 4.371 0 5 
HS.1 1:4 B 9 0.0024 0.0001 0.0079 2.690 0.912 0 3 
H5-1 1:4 B 10 0.0044 0.0005 0.0060 7.175 3.206 0 4 
H5-1 1:4 B .11 0.0020 0.0006 0.0051 3.960 9.075 0 5 
H5-1 1:4 B 12 0.0012 0.0006 0.0001 2.611 2.590 0 2 
HS-1 1:4 C 1 0.0015 0.0004 0.0017 3.962 3.626 0 4 
H5-1 1:4 C 2 0.0016 0.0006 0.0074 2.705 6.079 0 4 
HS-1 1:4 C 3 0.0024 0.0004 0.0049 2.803 4.403 0 3 
HS-1 1:4 C 4 0.0017 0.0007 0.0069 2.470 5.720 0 2 
H5-1 1:4 C 5 0.0015 0.0004 0.0051 3.027 2.869 0 3 
HS-1 1:4 C 6 0.0025 0.0005 0.0033 4.945 6.642 0 3 
HS-1 1:4 C 7 0.0019 0.0003 0.0056 2.894 3.932 0 3 
HS-1 1:4 C 6 0.0012 0.0005 0.0117 1.026 7.667 0 5 
HS-1 1:4 C 9 0.0022 0.0005 0.0054 2.596 2.663 0 5 
HS-1 1:4 C 10 0.0014 0.0015 0.0032 1.833 5.575 0 3 
HS-1 1:4 C 11 0.0023 0.0002 0.0069 3.005 4.022 0 2 
HS-1 1:4 C 12 0.0012 0.0002 0.0034 2.524 2.045 0 3 
HS.1 1:4 C 13 0.0040 0.0011 1.522 .5.790 0 0 
HS-1 1:4 0 1 0.0021 .0.0001 -0.0006 4.654 2.193 0 4 
HS.1 1:4 0 2 0.0014 0.0002 0.0043 3.571 5.979 0 3 
HS-1 1:4 0 3 0.0020 0.0005 0.0043 2.024 2.467 0 2 
HS'1 1:4 0 4 0.0036 0.0002 0.0046 3.415 2.325 0 3 
HS-1 1:4 0 5 0.0023 0.0004 0.0061 3.250 3.704 0 3 
HS-1 1:4 0 6 0.0032 0.0003 0.0067 6.565 4.534 0 4 
HS-1 1:4 0 7 0.0020 0.0001 0.0060 2.622 1.726 0 5 
HS-1 1:4 0 8 0.0019 0.0001 0.0073 2.723 3.033 0 4 
HS-1 1:4 0 9 0.0016 0.0002 0.0045 2.335 6.035 0 2 
HS-1' 1:4 0 10 0.0014 0.0001 0.0061 2.926 1.536 0 4 
100mo LSA A 1 0.0123 0.0003 10.634 3.306 1 0 
100 mo SA A 2 0.0009 0.0004 0.0037 1.763 3.011 1 3 
100 mo SA A 3 0.0031 0.0002 0.0034 3.427 2.466 1 3 
100 mo LSA A 4 0.0005 0.0002 0.0011 2.601 0.621 1 2 
100 mo SA A 5 0.0010 0.0001 0.446 0.971 1 0 
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'Shoot Root Phytotoxicity Free 
Sample Rep seed Shoot Root Biomass Length Length (1 or 0) Leaf 

Description No. No. wt /gl wt /gl wtlgl Icn';l Icn';l No. 
100 mn LBA B 1 0.0026 0.0001 0.0037 3.302 1.547 1 4 
100mn LBA B 2 0.0023 0.0002 0.0050 3.428 2.288 1 5 
100ma LBA B 3 0.0035 0.0009 0.0063 2.232 3.069 1 5 
100ma BA B 4 0.0045 0.0003 0.0056 5.678 1.534 1 4 
100 me LBA B 5 0.0022 0.0002 0.0003 2.596 2.143 1 1 
100 ma LBA e 1 0.0023 0.0008 0.0031 1.613 0.976 1 4 
100 mn BA e 2 0.0025 0.0007 0.0011 4.168 5.287 1 3 
100mn BA e 3 0.0010 0.0001 1.375 1.535 1 0 
100mn BA e 4 0.0017 0.0003 0.0013 1.328 1.053 1 4 
100ma BA e 5 0.0019 0.0002 2.907 1.760 1 0 
100mn LBA D 1 0.0029 0.0001 0.0026 5.905 1.872 1 4 
100ma1LBA D 2 0.0074 0.0009 0.0031 4.996 2.264 1 2 
100ma BA D 3 0.0013 0.0002 0.0035 1.556 2.636 1 5 
100 me LBA D 4 0.0028 0.0005 0.0029 3.851 1.858 1 2 
100 me LBA D 5 0.0021 0.0001 0.0056 3.559 2.136 1 3 
100 maIL BA D 6 0.0038 0.0001 0.0007 5.888 1.503 1 3 
100 me LBA D 7 0.0020 0.0001 0.0036 1.084 1.515 1 4 
100 me LBA D 8 0.0010 0.0002 0.0072 3.087 1.986 1 3 
10 mgILSO, . A 1 0.0039 0.0002 0.0075 4.608 2.801 0 2 
10mgILSOT A 2 0.0022 0.0009 0.0034 5.666 12.908 0 4 
10mgILSOT A 3 0.0031 0.0007 0.0145 3.342 4.292 0 2 
10mgILSOT A 4 0.0026 0.0004 0.0098 4.601 5.890 0 4 
10mgILSOT A 5 0.0019 0.0007 0.0090 4.366 11.487 0 5 
10mgILSOT A 6 0.0023 0.0004 0.0061 7.379 7.230 0 4 
10mgILSOT A 7 0.0016 0.0013 0.0064 2.765 3.960 0 5 
10mgILSOT A 8 0.0019 0.0006 0.0103 3.245 4.942 0 5 
10mgILSOT A 9 0.0032 0.0006 0.0084 4.127 5.298 0 3 
10 mgILSO~F A 10 0.0010 0.0003 0.0076 2.168 5.121 0 6 
10mgILSOT A 11 0.0039 0.0004 0.0041 3.341 4.636 0 3 
10 mgILSO;' A 12 0.0031 0.0004 0.0030 4.762 2975 0 4 
10 mgILSO;' B 1 0.0019 0.0003 0.0101 2.292 2.966 0 4 
10 mglL SO,I- B 2 0.0019 0.0008 0.0057 3.000 11.065 0 4 
10 mgILSO;- B 3 0.0026 0.0006 0.0062 2.290 3.553 0 4 
10 mglL SO," B 4 0.0027 0.0010 0.0087 5.110 6.135 0 4 
10 mgILSO;' B 5 0.0033 0.0001 0.0035 3.445 2.594 0 3 
10 mglL SO," B 6 0.0024 0.0012 0.0068 3.528 8.989 0 3 
10 mgILSO;' B 7 0.0028 0.0009 0.0056 5.588 4.899 0 3 
10 mgILSO; B 8 0.0026 0.0003 0.0057 1.951 1.541 0 4 
10 mglL SO;- B 9 0.0015 0.0005 0.0048 3.177 8.015 0 4 
10 mglL SO;- e 1 0.0008 0.0004 0.0102 0.966 5.513 0 4 
10 mgILSO;' e 2 0.0029 0.0001 0.0065 4.380 1.993 0 3 
10 mgILSO; e 3 0.0021 0.0009 0.0063 3.569 7.760 0 4 
10 mgILSO;' e 4 0.0032 0.0002 0.0106 1.791 4.814 0 5 
10 mgILSO;' e 5 0.0033 0.0004 0.0054 2.174 5.600 0 4 
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Shoot Root Phytotoxicity Free 
sample Rep Seed Shoot Root Biomass Length Length (1 or 0) Leaf 

Description No. No. wt (g) wt (Ii) wt (g) (cm) (cm) No. 
10 mgIL SO." C 6 0,0009 0,0006 0.0058 1.420 13.415 0 3 

10 mglL 50.'- C 7 0.0017 0,0004 0,0052 3,594 3.704 0 3 

10 mgIL SO'" C 8 0,0025 0,0001 0.0030 1.738 1.332 0 3 

10 mgIL50.'- C 9 0,0015 0,0003 0,0076 2,657 4.082 0 4 

10 mgILSO. - C 10 0,0034 0,0006 0,0048 3.745 4,483 0 3 
10 mglL 50;- C 11 0,0019 0,0008 0.0040 1.745 5,898 0 3 
10 mglL 50;- C 12 0,0020 0.0002 0,0064 3.497 3.246 0 4 

10 mglL SO;' 0 1 0,0026 0,0008 0.0092 2.777 11.490 0 4 
10 mgIL 50;- 0 2 0.0018 0,0006 0.0123 1,671 4.693 0 5 

10 mglL SO/- 0 3 0.0013 0,0003 0.0105 1.300 2.245 0 3 

10 mglL SO. - 0 4 0,0016 0,0004 0,0055 2,909 3,877 0 4 
10 mgILSO/- 0 5 0,0019 0,0006 0.0084 2.773 5.140 0 4 

10 mglL SO/- 0 6 0.0017 0.0004 0,0059 2,973 4.508 0 4 

10 mglL SO/- 0 7 0.0026 0.0006 0.0100 2,616 4,250 0 4 
10 mglL SO/- 0 8 0.0016 0.0002 0,0077 1,908 3.583 0 5 

10 mglL SO/- 0 9 0,0012 0,0005 0,0070 2,108 7,062 0 6 

10 mglL 50;- 0 10 0.0018 0.0007 0,0104 2,576 2,941 0 3 
10 mglL SO/- 0 11 0,0012 0,0002 0,0008 1.818 3844 0 3 
10 mglL 50;- 0 12 0.0017 0.0003 0,0063 3,725 7.865 0 4 

10 mglL SO.~ 0 13 0.0027 0,0004 0,0113 2,525 6,306 0 5 
10 mglL 50;- 0 14 0.0017 0.0004 0,0079 0,976 5,196 0 4 
10 mglL SO.~ 0 15 0,0016 0.0005 0,0059 2.618 7,174 0 4 
10 mglL 50;- 0 16 0.0014 0.0005 0,0027 3,354 6,762 0 3 
10 mglL 50;- 0 17 0,0016 0.0009 0,0058 2.404 7.109 0 4 

10 mglL SO/- 0 18 0,0036 0.0006 0,0135 3,127 2,689 0 5 

10 mglL SO." 0 19 0,0021 0.0010 0,0052 2,130 6,885 0 2 
10 mgIL50;- 0 20 0,0015 0.0005 0,0051 2.297 3,624 0 4 
10 mglL 50;- 0 21 0,0015 0,0003 0,0027 2.093 2,811 0 3 
10 mgILSO. - 0 22 00032 0.0002 0,0050 1.920 2,131 0 3 

250 mglL SO. - A 1 0,0018 0,0010 0,0089 2.045 5,658 0 5 

250 mglL 50.'- A 2 0,0026 0.0009 0,0086 3,529 8,267 0 4 
250 mglL SO.'. A 3 0,0016 0,0007 0.0051 2,471 6.472 0 4 

250 mgIL 50.'- A 4 0,0037 0,0007 0.0121 3.112 4,828 0 4 
250 mglL 50,- A 5 0.0023 0,0009 0,0087 2,835 8.196 0 4 

250 mglL 50.'- A 6 0,0021 0.0004 0.0052 2.441 4,155 0 3 
250 mglL 50;- A 7 0,0019 0,0004 0,0027 3.419 3.932 0 2 

250 mglL 50.'- A 8 0,0028 0,0004 0.0065 2.782 2,741 0 5 
250 mglL 50;- A 9 0.0026 0,0004 0,0067 5.345 2.659 0 4 

250 mglL 50.'- A 10 0.0023 0.0002 0,0085 3.818 1,178 0 4 

250 mglL 50;- A 11 0.0016 0.0007 0,0103 1.368 7.706 0 6 
250 mglL 50,- B 1 0,0024 0,0001 0,0123 3.179 2.495 0 4 
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Shoot Root Phytotoxicity Free 
Sample Rep seed Shoot Root Biomass Length Length (1 or 0) Leaf 

Description No. No. wtloJ wt 101 WI (g) (cm) (c';;l No. 
250 mglL SO/- B 2 0.0036 0.0002 0.0110 4.150 3.042 0 4 
250 mglL SO.,- B 3 0.0015 0.0004 0.0014 2.433 2.772 0 2 
250 mgIL 50/' B 4 0.0025 0.0003 0.0060 3.001 4.009 0 4 
250 mglL SO.,- B 5 0.0029 0.0007 0.0070 3.964 10.369 0 3 
250 mglL SO.,- B 6 0.0006 0.0001 0.0020 2.096 3.635 0 3 
250 mglL SO/- B 7 0.0020 0.0003 0.0106 3.432 3.766 0 4 
250 mgIL SO.,- B 6 0.0016 0.0006 0.0079 3.006 4.665 0 4 
250 mglL SO/. B 9 0.0017 0.0002 0.0046 2.671 5.732 0 3 
250 mgIL SO/- B 10 0.0015 0.0006 0.0053 3.217 6.637 0 4 
250 mgIL SO." B 11 0.0014 0.0001 0.0052 1.906 2.063 0 3 
250 mgIL SO/' C 1 0.0037 0.0005 0.0070 5.631 5.734 0 3 
250 mglL SO/- C 2 0.0015 0.0006 0.0042 2.669 5.290 0 2 
250 mgIL SO.,- C 3 0.0023 0.0003 0.0050 4.147 2.376 0 4 
250 mglL SO.,- C 4 0.0026 0.0004 0.0066 4.443 4.024 0 4 
250 mglL SO/' C 5 0.0026 0.0009 0.0032 1.793 7.111 0 4 
250 mglL SO.,- C 6 0.0030 0.0006 0.0069 4.364 5.546 0 2 
250 mglL SO.'. C 7 0.0039 0.0010 0.0016 2.552 4.577 0 5 
250 mgIL SO:- C 6 0.0024 0.0009 0.0092 3.675 6.165 0 4 
250 mglL SO:- C 9 0.0029 0.0016 0.0067 3.369 7.037 0 4 
250 mgIL SO.,- C 10 0.0023 0.0011 0.0072 2.966 6.652 0 7 
250 mglL SO.,- 0 1 0.0015 0.0013 0.0072 1.622 7.626 0 4 
250 mgIL SO.,- 0 2 0.0021 0.0006 0.0010 1.706 4.041 0 3 
250 mgIL SO:- 0 3 0.0020 0.0017 0.0061 3.573 12.932 0 6 
250 mgIL SO:. 0 4 0.0020 0.0016 0.0076 1.756 11.162 0 5 
250 mglL SO,- 0 5 0.0017 0.0007 0.0056 4.007 3.191 0 5 
250 mgIL SO.'. 0 6 0.0015 0.0003 0.0066 2.762 3.617 0 4 
250 mgIL SO/- 0 7 0.0019 0.0006 0.0066 2.511 3.651 0 5 
250 mglL SO." 0 6 0.0017 0.0006 0.0050 3.295 2.221 0 4 
250 mgIL SO,. 0 9 0.0022 0.0003 0.0055 4.015 5.626 0 4 
250 mglL SO." 0 10 0.0019 0.0003 0.0067 2.665 2.996 0 4 
250 mglL SO/. 0 11 0.0022 0.0010 0.0062 4.610 4.650 0 4 
250 mgIL SO.~- 0 12 0.0014 0.0006 0.0061 2.336 6.663 0 6 
250 mgIL SO.'. 0 13 0.0026 0.0004 0.0079 3.602 4.537 0 5 
250 mgIL SO.,- 0 14 0.0019 0.0004 0.0066 3.272 2.902 0 4 
250 mgIL SO.'. 0 15 0.0023 0.0007 0.0105 3.612 3.746 0 4 
250 mglL SO.'- 0 16 0.0024 0.0006 0.0064 2.169 4.422 0 4 
250 mglL SO.,- 0 17 0.0036 0.0002 0.0135 5.329 3.131 0 3 
250 mgIL SO.'- 0 16 0.0016 0.0004 0.0053 2.932 2.926 0 4 
250 mglL SO/- 0 19 0.0036 0.0002 0.0057 4.271 2.431 0 3 
250 mgIL 50.'- 0 20 0.0022 0.0004 0.0037 2.692 2.541 0 1 
250 mgIL SO/- 0 21 0.0056 0.0006 0.0125 2.730 4.065 0 3 
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Shoot Root Phytotoxicity Free 
Sample Rep Seed Shoot Root Biomass Length Length (1 or 0) Leaf 

Description No. No. WI Igl WI Igl WI (gl Ic";l (cm) No. 
250mglLSOT D 22 0.0019 0.0013 0.0081 3.626 4.253 0 4 

1000 mglL soT A 1 0.0021 0.0006 0.0052 5.454 5.567 0 2 
1000 mglL SO'" A 2 0.0020 0.0011 0.0014 3.137 4.006 0 3 
1000 rnglL SO.2- A 3 0.0020 0.0005 0.0067 3.058 4.243 0 4 

1000 mglL soT A 4 0.0020 0.0011 0.0042 3.105 4.444 0 3 
1000 mglLSOT A 5 0.0029 0.0002 0.0070 2.937 1.510 0 3 
1000 mglL SO;- A 6 0.0017 0.0006 0.0071 1.001 1.531 0 3 

1000 mglL soT A 7 0.0028 0.0009 0.0065 3.144 5.064 0 4. 
1000 mglLSOT A 8 0.0029 0.0006 0.0047 2.754 3.515 0 5 
1000 mglL SO;- A 9 0.0023 0.0012 0.0063 3.272 5.795 0 4 
1000 mglLSO;- A 10 0.0019 0.0006 0.0071 3.328 8.657 0 , 
1000 mglLSO;- A 11 0.0033 0.0007 0.0081 4.358 5.773 0 3 
1000 mglL SO;- B 1 0.0010 0.0005 0.0101 0.958 3.524 0 4 
1000 mglL s07- B 2 0.0032 0.0007 0.0088 3.791 4.376 0 5 
1000 mglL SO;- B 3 0.0010 0.0010 0.0066 1.165 4.664 0 4 
1000 mglL SO.'- B 4 0.0026 0.0005 0.0034 1.996 3.612 0 4 
1000 mg/L SO.'- B 5 0.0013 0.0003 0.0063 1.786 3.185 0 , 
1000 mglL SO.'- B 6 0.0015 0.0012 0.0064 1.233 3.807 0 5 
1000 mg/L SO.'. B 7 0.0033 0.0005 0.0039 3.986 3.971 0 2 
1000 mglL SO.'- B 8 0.0030 0.0034 0.0072 4.073 10.216 0 2 
1000 mglL sol B 9 0.0025 0.0006 0.0098 3.546 8.085 0 4 
1000 mglL sol B 10 0.0023 0.0004 0.0036 2.466 3.147 0 3 
1000 mglL SO? B 11 0.0028 0.0010 0.0063 3.745 5.722 0 2 
1000 rnglL sol B 12 0.0023 0.0004 0.0062 5.114 2.771 0 4 
1000 mglL SO? B 13 0.0019 0.0006 0.0068 3.048 2.854 0 3 
1000 mglL SO? B 14 00024 0.0016 0.0008 1.690 2.432 0 3 
1000 mglL SO~'l- B 15 0.0026 0.0004 0.0066 3.547 3.427 0 3 
1000 mglL SO.2- B 16 0.0020 0.0009 0.0084 3.140 4.390 0 , 
1000 mglL SO;. B 17 0.0010 0.0004 0.0094 1.110 2.770 0 4 
1000 mglL SO.2- B 18 0.0038 0.0024 0.0101 5.563 7.748 0 3 
1000 mglL SO.'- B 19 0.0026 0.0008 0.0084 4.030 4.864 0 , 
1000 mgIL SO.'. B 20 0.0015 0.0010 0.0079 2.662 7.317 0 , 
1000 mglL SO.'- B 21 0.0022 0.0002 0.0082 3.761 2.447 0 3 
1000 mglL SO? B 22 0.0033 0.0007 0.0097 4.321 4.671 0 4 
1000 mg/L SO? C 1 0.0037 0.0006 0.0118 2.999 3.691 0 , 
1000 mg/L SO? C 2 0.0021 0.0004 0.0083 2.791 2.259 0 5 
1000 mglL SO? C 3 0.0040 0.0007 0.0098 3.897 6.215 0 4 
1000 mglL SO? C 4 0.0018 0.0004 0.0050 2.819 6.481 0 3 
1000 mglL s07- c 5 0.0037 0.0005 0.0118 3.085 4.815 0 4 
1000 rnglL SO ••. C 6 0.0025 0.0004 0.0066 3.641 1.944 0 3 
1000 mglL SO ••. C 7 0.0027 0.0005 0.0079 3.938 2.904 0 3 
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Shoot Root Phytotoxicity Free 
sample Rep Seed Shoot Root Biomass Length Length (1 or 0) Leaf 

Description No. No. 1M (g) 1M (g) 1M (g) (cm) (cm) No. 
1000 mgIL 50/' e 8 0.0023 0.0003 0.0058 2.768 3.109 0 ~ 
1000 mgIL 50/' e 9 0.0036 0,0008 0.0105 ~.667 5,061 0 3 
1000 mglL 50/' e 10 0.0032 0.0005 0.0069 2.~M 2.557 0 3 
1000 mgIL 50/ e 11 0.00~2 0.0005 0.0095 4.180 6.093 0 5 
1000 mgIL 50/' e 12 0.0029 0.0015 0.0058 2.373 4.672 0 3 
1000 mgIL SO/. e 13 0.0027 0.0006 0.0081 5.531 5.977 0 3 
1000 mgIL 50/' e 14 0.0009 0.0015 0.0036 1.668 5.156 0 3 
1000 mgIL 50/' e 15 0.0016 0.0007 0.0092 1.253 4.111 0 3 
1000 mgIL 50/' D 1 0.0025 0.0008 0.0051 1.379 2.154 0 3 
1000 mgIL 50/' D 2 0.0014 0.0008 0.0063 3.152 9.284 0 3 
1000 mgIL 50/' D 3 0.0016 0.0005 0.0061 2.991 4.961 0 3 
1000 mgIL SO,~ D 4 0.0024 0.0004 0.0059 4.482 5.325 0 2 
1000 mgIL 50/' D 5 0.0025 0.0006 0.0047 2.595 2.811 0 3 
1000 mgIL SO, ' D 6 0.0040 0.0007 0.0101 4.258 4.729 0 3 
1000 mgIL 50/' D 7 0.0017 0.0003 O.OOM 1.932 2.481 0 3 
1000 mgIL 50/ D 8 0.0020 0.0011 0.0093 3.147 2.475 0 ~ 
1000 mgIL 50/' D 9 0.0027 0.0009 0.0052 3.119 11.177 0 < 
1000 mgIL 50/' D 10 0.0020 0.0002 0.0054 2.263 4.101 0 2 
1000 mgIL 50,2- D 11 0.0008 0.0009 0.0039 1.664 4.929 0 2 
1000 mgIL SO,.' D 12 0.0030 0.0007 0.0057 3.272 3.124 0 3 
1000 mglL SO,.' D 13 0.0025 0.0002 0.0060 4.081 2.243 0 2 
1000 mglL 50/' D 14 0.0027 0.0007 0.0082 4.396 5.677 0 3 
1000 mgIL 50/' D 15 0.0021 0.0004 0.0085 3.379 7.481 0 4 
1000 mgIL 50/' D 16 0.0017 0,0005 0.0082 3.167 4.649 0 3 
1000 mgIL 50/' D 17 0.0041 0.0006 0.0074 4.650 4.934 0 3 
1000 mglL 50/' D 18 0.0013 0.0004 0.0065 2.035 3.414 0 4 
1000 mgIL 50/' D 19 0.0017 0.0009 0.0057 2.033 4.582 0 4 
1000 mglL 50/' D 20 0.0030 0.0007 0.0085 3.976 4.790 0 4 
1000 mgIL 50/' D 21 0.0028 0.0005 0.0103 2.187 2.54~ 0 6 
1000 mglL so, . D 22 0.0021 0.0028 0,0053 4.791 7,M3 0 • 
2500 mgIL SO, . A 1 0.0025 0.0011 0,0063 2.999 3.931 0 3 
2500 mgIL 50/' A 2 0.0058 0.0005 0.0069 2.585 6.791 0 3 
2500 mgIL SO," A 3 0.0031 0.0003 0.0025 2.240 3.741 0 2 
2500 mgIL 50,2- A 4 0.0015 0.0011 0.0058 2.305 4.776 0 5 
2500 mgIL 50,2- A 5 0.0019 0.0001 0.0068 2.622 1.519 0 • 
2500 mgIL 50/ A 6 0.0010 0.0006 0.0009 2.157 3.407 0 2 
2500 mgIL 50,.- A 7 0.0025 0.0004 0.0075 2.889 1.971 0 4 
2500 mgIL 50/ A 8 0.0037 0.0004 0.0084 2.634 3.706 0 • 
2500 mgIL SO,.' A 9 0.0033 0.0007 0.0122 3.304 4.791 0 4 
2500 mglL SO,~ A 10 0.0012 0.0006 0.0023 1.795 5.928 0 1 
2500 mgIL SO,~ A 11 0.0021 0.0008 0.0178 2.910 6.799 0 7 
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Shoot Root Phytotoxicity Free 
Sample Rep Seed Shoot Root Biomass Length Length (1 or 0) Leaf 

Description No. No. wt (g) wt (A) wt (g) (cm) (cm) No. 
2500 mgiL SO.~ A 12 0.0020 0.0006 0.0053 3.416 4.173 0 2 

2500 mgiL SO." A 13 0.0023 0.0005 0.0068 2.981 3.528 0 4 
2500 mgiL 50.- A 14 0.0021 0.0004 0.0057 4.051 4.116 0 3 

2500 mgiL SO." A 15 0.0033 0.0008 0.0034 4.370 3.110 0 2 
2500 mgiL SO." A 16 0.0024 0.0011 0.0068 3.224 8.199 0 2 
2500 mgiL SO.'. A 17 0.0011 0.0028 0.0062 3.379 6.034 0 3 
2500 mgiL 50.- A 18 0.0034 0.0003 0.0160 2.860 3.389 0 4 
2500 mgiL SO.~ A 19 0.0021 0.0010 0.0065 3.101 6.043 0 4 
2500 mgiL SO.~ A 20 0.0020 0.0002 0.0049 1.534 2.636 0 3 

2500 mgiL 50.'- B 1 0.0043 0.0010 0.0061 3.770 3.386 0 2 
2500 mgiL SO.~ B 2 0.0043 0.0014 0.0128 2.333 6.900 0 6 
2500 mgiL 50:- B 3 0.0008 0.0009 0.0047 1.444 4.538 0 2 
2500 mgiL SO.'. B 4 0.0025 0.0008 0.0052 3.196 3.379 0 3 
2500 mgiL 50.'- B 5 0.0012 0.0005 0.0080 1.683 4.084 0 2 
2500 mgiL SO:' B 6 0.0026 0.0007 0.0038 2.924 3.878 0 3 
2500 mgiL SO.~ B 7 0.0011 0.0010 0.0052 1.012 2.632 0 3 
2500 mgiL 50.'- B 8 0.0025 0.0008 0.0068 3.398 5.415 0 3 
2500 mgiL SO:- B 9 0.0021 0.0007 0.0064 2.949 3.803 0 2 
2500 mgiL SO.'. B 10 0.0038 0.0010 0.0032 3.158 7.975 0 3 
2500 mgiL 50.'- B 11 0.0025 0.0005 0.0065 3.731 2.707 0 3 
2500 mgiL SO.' B 12 0.0029 0.0005 0.0051 4.284 4.732 0 3 
2500 mgiL SO.' B 13 0.0022 0.0007 0.0099 3.204 2.694 0 3 
2500 mgiL SO.- B 14 0.0035 0.0009 0.0065 3.054 3.951 0 4 
2500 mgiL SO.~ B 15 0.0045 0.0007 0.0076 4.193 3.680 0 4 

2500 mglL 50:- B 16 0.0024 0.0003 0.0085 4,053 3.814 0 4 
2500 mgiL SO.'- B 17 0.0020 0.0006 0.0057 3.429 5.383 0 2 
2500 mgiL SO.~ B 18 0.0029 0.0008 0.0092 3.645 3.710 0 5 

2500 mgiL SO." B 19 0.0012 0.0003 0.0042 2.366 2.960 0 3 
2500 mgiL SO.~ B 20 0.0022 0.0013 0.0048 2.193 3.852 0 3 

2500 mgiL SO.'- B 21 0.0012 0.0004 0.0056 1.884 5.027 0 2 
2500 mgiL SO:. B 22 0.0026 0.0016 0.0066 3.328 4.487 0 3 
2500 mglL SO.'. B 23 0.0029 0.0014 0.0067 2.881 8.452 0 3 
2500 mgiL SO.~ B 24 0.0025 0.0006 0.0080 3.166 3.485 0 5 

2500 mgiL SO.~ B 25 0.0009 0.0006 0.0029 2.778 2.791 0 3 
2500 mgiL 50:- B 26 0.0027 0.0005 0.0052 2.523 2.713 0 2 
2500 mglL SO.~ C 1 0.0038 0.0010 0.0054 3.713 6.873 0 3 
2500 mgiL SO.~ C 2 0.0050 0.0006 0.0072 3.043 5.223 0 3 
2500 mgiL SO.~ C 3 0.0069 0.0006 0.0087 3.168 3.420 0 3 
2500 mgiL SO.~ C 4 0.0034 0.0006 0.0051 3.241 3.151 0 2 

2500 mglL SO.~ C 5 0.0027 0.0007 0.0068 2.871 5.196 0 4 

2500 mgiL SO.~ C 6 0.0022 0.0003 0.0062 2.363 2.994 0 4 
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Shoot Root Phytotoxicity Free 
sample Rep Seed Shoot Root Biomass Length Length (1 or 0) Leaf 

Description No. No. Wt Ig} Wt Igl Wt(g) (cm) (Cm} No. 
2500 mgIL SO.~ e 7 0.0023 0.0001 0.0092 2.887 2.303 0 4 
2500 mgIL 50.'- e 8 0.0028 0.0004 0.0067 2.898 4.529 0 3 
2500 mgIL 50:- e 9 0.0032 0.0009 0.0069 2.725 3.961 0 4 
2500 mgIL 50:- e 10 0.0026 0.0006 0.0088 2.916 2.820 0 4 
2500 mgIL 50.'- e 11 0.0031 0.0005 0.0102 2.587 3.572 0 4 
2500 mgIL 50:- e 12 0.0028 0.0003 0.0081 2.842 1.969 0 3 
2500 mgIL 50:- e 13 0.0036 0.0010 0.0073 3.626 8.059 0 3 
2500 mgIL SO.~ e 14 0.0035 0.0003 0.0048 3.144 2.416 0 2 
2500 mgIL SO.~ e 15 0.0088 0.0011 0.0064 2.423 3.655 0 3 
2500 mgIL SO.~ e 16 0.0022 0.0003 0.0065 2.030 1.656 0 3 
2500 mgIL SO." e 17 0.0023 0.0006 0.0064 2.423 3.015 0 4 
2500 mgIL SO.~ e 18 0.0023 0.0010 0.0091 1.904 5.719 0 3 
2500 mgIL SO.'" e 19 0.0021 0.0010 0.0066 3.126 4.169 0 3 
2500 mgIL SO. - e 20 0.0012 0.0009 0.0080 1.936 4.036 0 3 
2500 mgIL SO.,- e 21 0.0036 0.0003 0.0043 4.580 2.020 0 3 
2500 mgIL SO.' e 22 0.0020 0.0009 0.0099 1.718 3.157 0 3 
2500 mgIL SO.~ e 23 0.0026 0.0003 0.0092 2.341 2.176 0 6 
2500 mgIL SO:- e 24 0.0038 0.0008 0.0056 2.929 3.751 0 3 
2500 mgIL 50.'- D 1 0.0016 0.0002 0.0057 2.207 2.524 0 3 
2500 mgIL SO.'- D 2 0.0027 0.0005 0.0099 3.220 3.729 0 3 
2500 mgIL SO,~ D 3 0.0016 0.0001 0.0051 2.028 2.617 0 3 
2500 mgIL SO.~ D 4 0.0020 0.0005 0.0058 2.804 3.484 0 4 
2500 mgIL SO:- D 5 0.0027 0.0005 0.0050 2.603 2.870 0 3 
2500 mgIL SO.~ D 6 0.0019 0.0007 0.0018 2.054 3.082 0 2 
2500 mgIL SO,'- D 7 0.0023 0.0003 0.0056 2.988 4.233 0 3 
2500 mgIL 50.'- D 8 0.0019 0.0010 0.0054 2.486 3.374 0 4 
2500 mgIL 50.'- D 9 0.0037 0.0007 0.0088 2.686 3.457 0 3 
2500 mgIL 50.'- D 10 0.0034 0.0015 0.0083 2.108 6.602 0 4 
2500 mgIL 50:- D 11 0.0036 0.0008 0.0062 3.647 4.102 0 3 
2500 mgIL 50:- D 12 0.0010 0.0006 0.0019 0.937 1.591 0 2 
2500 mgIL SO,,- D 13 0.0066 0.0014 0.0052 3.877 3.232 0 1 
2500 mgIL SO,'" D 14 0.0017 0.0005 0.0077 1.463 3.751 0 3 
2500 mgIL SO,'" D 15 0.0020 0.0005 0.0031 3.669 4.194 0 3 
2500 mgIL SO.'" D 16 0.0029 0.0005 0.0045 2.724 4.591 0 2 
2500 mgIL SO:- D 17 0.0028 0.0003 0.0051 3.037 1.803 0 3 
2500 mgIL SO.'- D 18 0.0025 0.0010 0.0032 2.911 3.746 0 3 
5000 mgIL SO"- A 1 0.0017 0.0009 0.0037 1.738 2.116 1 1 
5000 mgIL 50:- A 2 0.0013 0.0003 0.0001 2.370 2.244 1 1 
5000 mgIL SO." A 3 0.0026 0.0004 0.0045 1.558 2.396 1 3 
5000 mgIL SO.,- A 4 0.0021 0.0006 0.0024 2.023 1.621 1 2 
5000 mgIL 50:- A 5 0.0069 0.0008 0.0053 2.370 1.665 1 2 
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Shoot Root Phytotoxicity Free 
Sample Rep Seed Shoot ~oot Biomass Length Length (1 or 0) Leaf 

Description No. No. WI!l!l. WI (g) WI (g) (cm) (cml No. 
5000 mglL SO/" A 6 0.0030 '0.0005 0.0039 1.988 2.962 1 2 

5000 mglL SO/" A 7 0.0086 0.0005 0.0051 2.300 1.731 1 2 
5000 mglL SO/" A 8 0.0014 0.0008 0.0009 3.140 2.704 1 1 

5000 mglL SO.<" A 9 0.0086 0.0006 0.0050 2.290 2.260 1 1 

5000 mglL SO. " A 10 0.0048 0.0007 0.0076 2.462 2.922 1 'I 
5000 mglL SO/" A 11 0.0006 0.0010 0.0051 1.181 2.596 0 4 
5000 mglL SO.<- A 12 0.0017 0.0005 0.0036 1.993 1.135 1 3 
5000 mglL SO.-' .A 13 0.0036 0.0006 0.0039 2.851 3:418 1 2 
5000 mglL SO/" A 14 0.0055 0.0008 0.0055 1.979 2.764 1 :3 
5000 mglL SO/- A 15 0.0019 0.0006 0.0079 2.267 1.390 1 3 

5000 mglL SO/- A 16 0.0029 0.0006 0.0074 1.459 3.111 1 4 

5000 mglL SO/" A 17 0.0062 0.0008 0.0049 1.838 3.325 1 3 

5000 mglL SO/- A 18 0.0030 0.0014 0.0076 1.566 5.110 0 4 
5000 mglL SO.<- A 19 0.0026 0.0007 0.0062 1:717 2.490 1 3 
5000 mglL SO.'" A 20 0.0049 0.0007 0.0066 2.168 2.840 1 3 
5000 mglL SO.<- A 21 0.0028 0.0016 0.0057 2.436 3.823 1 'I 
5000 mglL SO.<- B 1 0.0021 0.0003 0.0063 2.460 1.707 0 'I 
5000 mglL SO:" B 2 0.0020 0.0006 0.0051 2.699 1.932 1 3 

5000 mglL SO.<- B 3 0.0010 0.0005 0.0030 2.126 1.616 1 2 

5000 mglL SO:- B 4 0.0110 0.0002 0.0035 2.723 1.234 1 2 
5000 mglL SO.<- B 5 0.0062 0.0009 0.0054 3.411 2,705 1 2 

5000 mglL SO.<" B 6 0.0038 0.0001 0.0043 1.926 2.479 1 3 
5000 mglL SO:- B 7 0.0016 0.0004 0.0027 1.070 3.621 1 2 

5000 mglL SO/- B 8 0.0037 0.0006 0.0041 2.088 3.209 1 3 
5000 mglL SO.<- B 9 0.0012 0.0002 0.0044 2.031 2.616 1 3 

5000 mglL SO:- B 10 0.0028 0.0003 0.0020 1.407 2.571 1 2 
5000 mglL SO.<" B 11 0.0007 0.0003 0.0008 1.324 1.658 1 1 
5000 mglL ,sO,<- C 1 0.0075 0.0004 1.369 1,695 1 0 
5000 mglL SO/- C 2 0:004$ 0.0004 1.74:2 4.640 1 0 
5000 mglL SO:-- C 3 0.0022 0.0006 0.0045 2.012 2.518 1 3 

5000 mglL SO:" C 4 0.0012 0.0001 0.0035 1.894 0.803 1 1 

5000 mglL SO:- C 5 0.0015 0.0003 1.071 0,907 1 0 

5000 mglL SO.'- C 6 0.0047 0.0005 0.0076 2.767 1.112 1 3 
5000 mglL SO.<, C 7 0.0071 0.0009 0.0054 1.718 5.258 1 3 

5000 mglL SO/" C 8 0.0037 0.0006 0.0069 2.913 2.509 1 3 

5000 mglL SO:- C 9 0.0016 0.0001 0.0100 2.414 2.009 1 'I 
5000 mglL SO.'" C 10 0.0017 0.0005 0.0047 3.139 3.163 1 3 
5000 mglL SO.'" C 11 0.0033 0.0001 0.0071 1.659 1.290 0 3 
5000 mglL SO.<- C 12 0.0021 0.0002 0.0033 2.592 1.246 1 2 

5000 mglL SO.'- C 13 0.0023 0..0001 0.0030 2.533 1.328 1 2 

5000 mglL SO.'" C 14 0.0016 0.0003 0.0023 2.153 2.678 1 3 
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Shoot Root Phytotoxicity Free 
Sample Rep Seed Shoot Root Biomass Length Length (1 or 0) Leaf 

Description No. No. Wt (gl Wt(g) Wt (g) (cm) (cm) No. 
5000 mgIL 50.'- C 15 0.0034 0.0006 0.0074 1.822 2.629 0 4 
5000 mgIL 50.'- C 16 0.0019 0.0006 0.0034 1.278 2.702 1 3 
5000 mglL 50.2- 0 1 0.0272 0.0004 0.0046 3.156 3.437 1 3 
5000 mglL 50.2- 0 2 0.0022 0.0005 0.0057 2.737 2.084 1 2 
5000 mglL 50.'- 0 3 0.0037 0.0014 0.0052 2.367 6.575 1 3 
5000 mglL 50.2- 0 4 0.0060 0.0003 0.0042 3.321 2.031 1 3 
5000 mgIL 50.'- 0 5 0.0026 0.0004 0.0081 1.087 7.241 1 5 
5000 mgIL 50.2- 0 6 0.0023 0.0008 0.0056 2.032 3.006 1 3 
5000 mglL SO/- 0 7 0.0022 0.0005 0.0062 1.041 1.412 1 3 
5000 mglL 50.'- 0 8 0.0011 0.0005 0.0023 1.030 1.987 1 3 
5000 mglL SO.~ 0 9 0.0022 0.0002 0.0047 2.250 1.793 1 3 
5000 mgIL 50.'- 0 10 0.0012 0.0005 0.0052 1.493 3.021 0 4 
5000 mgIL 50.'- 0 11 0.0057 0.0005 0.0067 1.315 1.933 1 3 
5000 mglL SO. 0 12 0.0027 0.0010 0.0100 1.990 4.854 0 4 
5000 mglL 50.'- 0 13 0.0067 0.0006 0.0069 2.650 3.353 1 2 
5000 mglL SO.2- 0 14 0.0016 0.0005 0.0030 1.806 2.204 1 3 
5000 mglL 50.'- 0 15 00026 0.0005 0.0025 1.418 2.026 1 3 
5000 mgIL SO.'- 0 16 0.0017 0.0007 2.047 2.396 1 0 
5000 mglL 50.2- 0 17 0.0031 0.0022 0.0058 1.639 3.020 1 2 
5000 mglL SO. - 0 18 0.0045 0.0008 0.0057 1.649 2.987 1 3 

0.8 mea L A 1 0.0008 0.0002 0.0010 1.973 3.339 0 1 
0.8 mea L A 2 0.0006 0.0005 0.0090 1.143 6.627 0 5 
0.8 mea A 3 0.0012 0.0005 0.0071 2.009 5.166 0 4 
0.8 mea L A 4 0.0012 0.0010 0.0063 2.417 12.505 0 3 
0.8 mea L A 5 0.0030 0.0005 0.0080 2.598 5.919 0 3 
0.8 mea A 6 0.0014 0.0001 0.0106 2.965 1.730 0 5 
0.8 mea L A 7 0.0013 0.0017 0.0075 1.826 7.684 0 3 
0.8 mea L B 1 0.0031 0.0006 0.0074 4.133 5.920 0 4 
0.8 mea B 2 0.0007 0.0004 0.0033 1.563 5.852 0 4 
0.8 mea B 3 0.0009 0.0006 0.0018 6.845 9.973 0 1 
0.8 mea B 4 0.0017 0.0004 0.0076 4.006 4.035 0 2 
0.8 mea L B 5 0.0021 0.0002 0.0055 3.546 2.670 0 2 
0.8 mea L B 6 0.0021 0.0005 0.0094 3.132 7.269 0 4 
0.8 mea L B 7 00001 0.0002 0.0010 4.041 4010 0 3 
0.8 mac B 8 0.0015 0.0002 0.0090 2.458 3.433 0 4 
0.8 mec L B 9 0.0014 0.0004 0.0059 2.936 4.300 0 6 
0.8 mec L B 10 0.0013 0.0002 0.0063 2.477 1.976 0 5 
0.8 meaIL B 11 0.0011 0.0004 0.0085 1.926 5.047 0 4 
0.8 mea C 1 0.0020 0.0003 0.0052 1.738 2.722 0 4 
0.8 mea C 2 0.0014 0.0011 0.0084 1.874 7.775 0 3 
0.8 mea L C 3 0.0016 0.0003 0.0052 2.649 3.220 0 3 
0.8 mea L C 4 0.0006 0.0007 0.0059 1.531 12.059 0 3 
0.8 mea L C 5 0.0019 0.0004 0.0137 2.592 4664 0 5 
0.8 mea C 6 0.0012 0.0005 0.0032 1.274 5.140 0 3 
0.8 mea L C 7 0.0018 0.0001 0.0089 2.712 2.736 0 4 
0.8 mea L C 8 0.0017 0.0010 0.0092 2.588 8.788 0 4 
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'Shoot Root. Phytotoxicity Free 
Sample Rep Seed Shoot Root Biomass Length Length (1 or 0) Leaf 

Description No. No. Wl (g) W~~ 
Wl(g) (cril) '(cril) No. 

0.8meC! L. C 9 0.0016 0.0003 0.0069 2.693 5.888 0 3 
0.8 meC!L 0 1 0.0019 0.0004 0.0054 2.132 5.302 0 3 
0.8meC! L 0 2 0.0018 0.0005 0.0063 1.488 3.930 0 3 
0.8 moo L 0 3 0.0012 0.0004 0.0054 5.634 4.125 0 4 
0.8. rnoo 0 4 0.0012 0.0003 0.0063 1.675 1.931 0 3 
0.8 mad 0 .5 0.0009 '0.0006 0.0045 3.831 6.655 0 4 
0.8 mea L 0 6 0.0014 0.0004 0.0049 3.462 3.040 0 3 
0.8 moo 0 7 0.0020 0.0006 0.0035 3.195 3.322 0 2 
0.8 moo L 0 8 0.0012 0.0001 0.0018 2.550 1.308 0 2 
4.2 meC!L A 1 0.0017 0.0002 0.0069 1.774 4.274 0 4 
4.2rnad 'A 2 0.0024 0.0003 0.0117 3.619 2.564 0 3 
4.2 mad L A 3 0.0014 0.0007 0.0058 2.827 5.022 0 4 
4.2 meC! A 4 0.0019 0.0001 0.0064 2.329 2.606 0 5 
4.2 meC! A 5 0.0015 0.0002 0.0064 2.512 4.106 0 4 
4.2 meC! A 6 0.0016 0.0002 0.0034 3.357 3.121 0 3 
4.2 mea L A 7 0.0020 0.0002 0.0076 4.090 4.229 0 3 
4.2 meaJ A 8 0.0013 0.0004 0.0063 2.972 4.241 0 3 
4.2 rneaJL A 9 0.0024 0.0004 0.0027 3~362 4.126 0 2 
4.2 meClJ A 10 0.0010 0.0004 0.0096 2.765 4.729 0 3 
4.2 mealL A 11 0.0010 0.0002 0.0062 3.021 4.303 0 4 
4.2 meQIL A 12 0.0011 0.0002 0.0021 2.190 3.830 0 2 
4.2 moo A 13 0.0015 0.0002 0.0057 2.711 3.574 0 4 
4.2meC! L A 14 0.0027 0.0004 0.0026 2.097 2.310 0 4 
4.2 meC!L A 15 0.0021 0.0001 0.0048 2.916 1.626 0 4 
4.2 meC! B '1 0.0018 0.0006 0.0036 2.842 4.131 0 2 
4.2 meC!L. B 2 0.0005 0.0004 0.0103 2.499 3.751 0 3 
4.2 meC!L B 3 0.0006 0.0004 0.0017 2.302 1.636 0 2 
4.2 meC! B 4 0.0018 0.0005 0.0055 1.792 2.600 0 1 
4.2 meC!L B 5 0.0014 0.0004 0.0162 3.299 4.530 0 4 
4.2 meC! B 6 0.0018 0.0015 0.0071 3.061 5.109 0 3 
4.2 meC!L B 7 0.0020 0.0016 0.0189 3.502 1.27.8 0 3 
4.2meC! B 8 0.0009 0.0006 0.0063 2.026 7.537 0 4 
4.2 moo B 9 0.0023 0.0019 0.0120 3.054 11.021 0 4 
4.2 moo L B 10 0.0013 0.0003 0.0031 3.066 3.336 0 2 
4.2 meC!L B 11 0.0015 0.0003 0.0055 2.699 5.114 0 3 
4.2 moo B 12 0.0017 0.0003 0.0086 1.532 2.364 0 3 
4.2 moo L C 1 0.0015 0.0005 0.0064 1.922 4.224 0 3 
4.2 meC!L C 2 0.0020 0:0001 0.0055 1.730 1.724 0 1 
4.2 moo C 3 0.0020 0.0004 0.0091 1.803 3.678 0 2 
4.2 moo C 4 0.0025 0.0010 0.0109 3.413 4.458 0 4 
4.2 meC! C 5 0.0014 0.0001 0.0062 2.673 4.361 0 3 
4.2rnw C 6 0.0019 0.0004 0.0144 .2,995 4.808 0 5 
4.2 moo C 7 0.0017 0.0008 1:273 5.186 0 0 
4.2 moo C 8 0.0013 0.0001 0.0070 1.203 2.891 0 4 
4.2 rnet:! 0 1 0.0010 0.0004 0.0022 2.022 4.129 0 2 
4.2 moo 0 2 0.0032 0.0004 0.0106 1.929 3.031 0 6 
4.2 moo - 0 3 0.0022 0.0006 0.0059 1.294 2.808 0 3 
4.2 moo 0 4 0.0016 0.0003 0.0079 :2.253 2.179 0 3 
4.2 mad 0 5 0.0016 0.0004 0.0011 .2,198 2.560 0 1 
4.2 moo 0 6 0.0020 0.0014 0.0024 .2.924 7.253 0 1 
4.2 moo 0 7 0.0021 0.0003 0.0066 2:986 1.569 0 3 
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ENVIOI-00325 FEL 

Shoot Root Phytotoxicity Free 
Sample Rep Seed Shoot Root Biomass Length Length (1 or 0) Leaf 

Description No. No. Wt Igi Wt (Ill Wt (Ill Ic';;l Ie';;) No. 
4,2 meqlL D 8 0,0006 0,0003 0,0068 1.481 1,999 ° 2 

19,8 meG L A 1 0,0013 0,0009 0,0072 2,148 4,954 ° 2 
19,8 meG L A 2 0,0007 0,0009 0,0073 2,557 6,287 ° ~ 
19,8 mea L A ,3 0,0017 0,0005 0,0127 2,746 3,409 ° 3 
19,8 mea L A 4 0,0013 0,0011 0,0062 2,112 3,449 ° 2 
19,8 mea L A 5 0,0019 0,0007 0,0006 2,075 4,540 ° 2 
19,8 men L A 6 0,0005 0,0004 0,0060 1.404 3,197 ° 3 
19,8 men L A 7 0,0009 0,0006 0,0037 1,968 6:411 ° L 

19,8 men L A 8 0,0009 0,0004 0,0036 1.794 2,416 ° 3 
19,8 men L A 9 0,0028 0,0002 0,0087 4,139 1.531 ° 3 
19,8 men L A 10 0,0009 0,0007 0,0058 1,275 3,694 ° 4 
19,8 men L A 11 0,0011 0,0002 0,0087 1,456 2,199 ° L 

19,8 men A 12 0,0025 0,0001 3,328 2,459 ° ° 19,8 men L B 1 0,0013 0,0002 0,0031 2,084 2,629 ° 3 
19,8 men L B 2 0,0020 0,0011 0,0061 2,046 0,750 ° 3 
19,8 men L B 3 0,0033 0,0003 0,0073 3.281 3,767 ° 3 
19,8 men L B 4 0,0019 0,0004 0,0045 3,013 1.772 ° 3 
19,8 mea L B 5 0,0023 0,0004 2.477 3,642 ° °19,8 men L B 6 0,0010 0,0003 0,0060 1,512 2,334 ° ~ 
19,8 mec L B 7 0,0010 0,0003 0,0068 1,501 3,572 ° 4 
19,8 mea L B 8 0,0034 0,0004 0,0100 3,562 2,246 ° 4 
19,8,mea L B, 9 0,0017 0,0003 0,0116 3,344 2,573 ° 3 
19,8 mec L B 10 0,0019 ,0,0002 2,030 1,103 ° °19,8mec L B 11 0,0016 0,0004 0,0077 2,689 3,588 ° 4 
19,8 mea L B 12 0,0015 0,0005 0,0078 1,272 1,873 ° 5 
19,8 mea L B 13 0,0015 0,0002 0,0039 1,247 2,274 ° 3 
19,8 mea L B 14 0,0028 0,0004 0,0097 2,582 3.100 ° 3 
19,8 mea L B 15 0,0025 0,0002 0,0081 3,328 1,276 ° 4 
19,8 mea L C 1 0,0019 0,0004 0,0075 2,368 4,492 ° 4 
19,8 men L C 2 0,0010 0,0002 0,0061 2.420 3,579 ° 3 
19,8 men L C 3 0,0011 0,0003 0,0040 2.483 4,576 ° 1 
19,8 men L C 4 0,0025 0,0003 0,0017 0,940 1,481 ° 2 
19,8 men C 5 0,0013 0,0005 0,0051 2,691 5,154 ° 3 
19,8 men L C 6 0,0014 0,0002 0,0067 1,966 3,386 ° 2 
19,8menL C 7 0,0015 0,0005 0,0033 2,603 5,407 ° 3 
19,8 men L C 8 0,0025 0,0002 0,0078 4,569 4,364 ° 4 
19,8 men C 9 0,0012 0,0004 0,0045 1B61 3,906 ° 

, 
19,8 men L C 10 0,0014 0,0003 0,0045 1,866 2,225 ° 

, 
19,8 men L D 1 0,0024 0,0001 0,0066 3,528 1,266 ° L 

19,8 men L D 2 0,0010 0,0004 00052 1,939 2,976 ° 3 
19,8 men L D 3 0,0031 0,0005 0,0092 2,757 2,532 ° 3 
19,8 meaiL D 4 0,0012 0,0002 0,0044 2,001 2.061 ° 3 
19,8 mecilL D 5 0,0010 0,0002 0,0020 2,510 1.603 ° 1 
19,8 men/L D 6 0,0008 0,0004 0,0042 1,308 3,269 ° 3 
19,8 mea L D 7 0.0015 0,0006 0,0063 2,412 3,,695 ° 

, 
19,8 mea L D 8 0,0007 0,0021 0,0030 1,738 5,943 ° 4 
51,1 men L A 1 0,0030 0,0003 0,0064 3,166 2,587 ° 2 
51,1 men L A 2 0.0017 0,0005 0,0065 3,234 2245 ° 3 
51,1 men L A 3 0,0015 0,0005 0,0056 2,191 2,862 ° 2 
51,1 men L A 4 0,0025 0,0006 0,0072 2,795 3,828 ° 3 
51,1menL A 5 0,0014 0,0003 0,0033 3,255 3,304 ° 1 
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Shoot Root Phytotoxicity Free 
Sample Rep Seed Shoot Root Biomass Length Length (1 or 0) Leaf 

Description No. No. Wt Ill) Wt Ig) Wtla) Icm) Icm) No. 
51.1 mea A 6 0.0020 0.0007 0.0114 1.783 3.616 0 6 
51.1 mea A 7 0.0014 0.0008 0.0051 3.123 4.570 0 2 
51.1 mea A 8 0.0009 .0.0006 0.0013 2.214 4.738 0 4 
51.1 mea A 9 0.0014 0.0006 0.0049 2.507 3.769 0 3 
51.1 meQlL A 10 0.0025 0.0005 0.0072 3.232 3.036 0 3 
51.1 mea A 11 0.0005 0.0004 0.0057 1.398 2.809 0 4 
51.1 mea A 12 0.0011 0.0001 0.0068 2.655 2.702 0 4 
51.1 mea A 13 0.0017 0.0002 0.0064 2.264 1.896 0 4 
51.1 meaL. A 14 0.0017 '0.0001 0.0071 2.513 1.824 0 3 
51.1 meQiL A 15 0.0007 0.0001 0.0054 1.886 1.080 0 3 
51.1 meQlL A 16 0.0019 0.0001 0.0055 3.196 1.861 0 3 
51.1 meQIL A 17 0.0006 0.0004 0.0041 0.895 2.191 0 3 
51.1 mea A 18 0.0018 0.0008 0.0060 2.270 3.428 0 4 
51.1 mea A 19 0.0024 0.0002 0.0058 2.978 1.819 0 2 
51.1 mea A 20 0.0015 0.0003 0.0046 3.180 3.725 0 3 
51.1 mea B 1 0.0014 0.0009 0.0029 2.325 4.245 0 3 
51.1 mea B 2 0.0025 0.0004 0.0130 2.748 3.603 0 4 
51.1 mea B 3 0.0013 0.0006 0.0064 2.031 4.817 0 4 
51.1 mea B 4 0.0018 0.0004 0.0055 2.529 3.129 0 3 
51.1 mea B 5 0.0008 0.0001 0.0125 2.404 4.558 0 6 
51.1 mea B 6 0.0018 0.0001 0.0048 3.380 2.730 0 3 
51.1 mea B 7 0.0021 0.0003 0.0064 2.933 4.281 0 3 
51.1 mea B 8 0.0016 0.0005 0.0108 2.391 3.594 0 2 
51.1 meqL B 9 0.0019 0.0006 0.0087 2.512 6.109 0 4 
51.1 mea B 10 0.0031 0.0007 0.0078 2.760 7.122 0 4 
51.1 meaL B 11 0.0018 0.0004 0.0068 1.614 2.118 0 4 
51.1 meq B 12 0.0024 0.0005 0.0047 2.745 3.524 0 3 
51.1 meq B 13 0.0014 0.0004 0.0046 2.306 4.108 0 4 
51.1 meq C 1 0.0015 0.0004 0.0127 3.489 4.065 0 3 
51.1 mea C 2 0.0017 0.0007 0.0064 2.516 6.384 0 4 
51.1 mea C 3 0.0027 0.0005 0.0074 2.012 2.140 0 4 
51.1 mea C 4 0.0022 2.037 3.031 0 0 
51.1 mea C 5 0.0017 0.0005 0.0090 2.851 3.449 0 3 
51.1 mea C 6 0.0016 0.0005 0.0066 2,634 3.755 0 3 
51.1 mea C 7 0.0047 0.0009 0.0063 2.800 4.348 0 4 
51.1 mea C 8 0.0035 0.0005 0.0095 2.535 2.739 0 5 
51.1 mea C 9 0.0020 0.0010 0.0078 2.443 3.671 0 3 
51.1 mea C 10 0.0027 0.0004 0.0070 3.066 2.401 0 3 
51.1 meCi D 1 0.0022 0.0005 0.0085 3.660 4.724 0 2 
51.1 mea D 2 0.0023 0.0005 0.0073 2.814 6.121 0 3 
51.1 mea D 3 0.0020 .0.0007 0.0114 2.601 8.614 0 5 
51.1 mea D 4 0.0016 0.0002 0.0047 1.966 2.466 0 3 
51.1 mea D 5 0.0019 0.0003 0.0103 2.693 4.056 0 3 
51.1 mea D 6 0.0007 0.0003 0.0041 1.352 4.257 0 3 
51.1 mea D 7 0.0018 0.0001 0.0108 2.602 3.624 0 4 
51.1 mea D 8 0.0016 0.0012 0.0077 2.707 6.921 0 4 
51.1 mea D 9 0.0064 0.0008 0.0109 2.107 3.250 0 5 
51.1 mea D 10 0.0019 0.0009 0.0080 2.779 2.754 0 3 
51.1 meClJ D 11 0.0015 0.0001 0.0025 2.412 2.694 0 3 
51.1 meClJ D 12 0.0021 0.0005 0.0050 2.295 3.062 0 4 
51.1 meClJ D 13 0.0015 0.0003 0.0032 1.926 3.559 0 1 
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Shoot Root Phytotoxicity Free 
Sample Rep Seed Shoot Root Biomass Length Length (1 or 0) Leaf 

Description No. No. Wl (II) 'Wl (II) Wl (II) (cm) (cml No. 
51.1 mernL 0 14 0.0017 0.0004 0.0015 1.753 2,101 0 1 
51.1 mern 0 15 0.0014 0.0004 0.0024 1.851 3.039 0 1 
51.1 meq; L 0 16 0.0013 0.0007 0.0085 1.913 4.673 0 3 
51.1 meclL 0 17 0.0017 0.0006 0.0075 2.240 5.141 0 4 
51.1 mec L 0 18 0.0013 0.0001 0.0042 1.858 2.297 0 4 
103.2 me IL A 1 0.0016 .0.0001 0.0076 1.163 1.096 1 4 
103.2 meqlL A 2 0.0018 0.0006 0.0119 1.839 3.559 1 4 
103.2 meClIL A 3 0.0029 0.0029 0.0069 1.928 2.687 1 .2 
103.2 meClIL A 4 0.0012 0.0009 0.0173 1.905 3.701 1 2 
103.2 mealL A '5 0.0015 0.0012 0.0130 2.378 4.861 1 1 
103.2 meClIL A 6 0.0014 0.0006 0.0058 2.104 4.579 1 3 
103.2 meClIL A 7 0.0009 0.0015 0.0053 1.630 2.561 1 3 
103.2 meClIL A 8 0.0017 0.0004 0.0059 1,959 2.896 1 4 
103.2 meClIL A 9 0.0038 0.0004 0.0051 1A78 2.609 1 4 
103.2 meqlL A 10 0.0019 0.0008 0.0128 2.155 4.259 1 4 
103.2 meqlL A 11 0.0032 0.0009 0.0144 1.742 1,857 1 3 
103.2 meqlL A 12 0.0007 0.0013 0.0047 1.808 2.177 1 4 
103.2 meqlL B 1 0.0052 '0.0002 0.0471 2.027 1.134 1 3 
103.2 meClIL B 2 0.0007 .0.0032 0.0004 0.555 2.666 1 1 
103.2 mealL B 3 0.0020 0.0008 0.0126 2.376 3.015 1 3 
103.2 meClIL B 4 0.0015 0.0015 0.0095 1.719 1.004 1 2 
103.2 meClIL B 5 0.0030 .0.0005 0.0203 2.722 0.699 1 4 
103.2 meClIL B 6 0.0017 0.0009 0.0038 1.456 2.160 1 2 
103.2 meqlL B 7 0.0035 0.0015 0.0107 1.527 4.108 1 3 
103.2 meqlL B 8 0.0035 0.0005 0.0055 3.409 2.824 1 2 
103.2 meqlL B 9 0.0018 0.0007 0.0045 1.982 2.940 1 4 
103.2 meClIL B 10 0.0012 0.0004 0.0041 2.445 2.555 1 3 
103.2 meClIL C 1 0.0070 0.0008 0.0040 3.366 2.869 1 3 
103.2 meClIL C 2 0.0034 0.0014 0.0062 1.651 4.642 1 3 
103.2 meClIL C 3 0.0024 0.0011 0.0026 1:744 3.795 1 3 
103.2 meCliL C 4 0.0033 0.0007 0.0047 1.584 1.683 1 2 
103.2 meClIL C 5 0.0036 0.0010 0.0056 2.910 1.531 1 4 
103.2 mealL C 6 0.0071 0.0006 0.0073 0.949 1.910 1 2 
103.2 mealL C 7 0.0039 0.0013 0.0143 1.418 2.745 1 2 
103.2 mealL C .8 0.0049 0.0034 0.0098 1.971 3.556 1 3 
103.2 meClIL 0 1 0.0018 0.0004 0.0059 2.191 1.340 1 3 
103.2 meClIL 0 2 0.0021 0.0009 0.0046 2.264 2.584 1 3 
103.2 rneClIL 0 3 0.0018 0.0005 0.0051 1.533 1.924 1 3 
103.2 meClJ1. 0 4 0.0057 0.0007 0.0109 2.216 4.292 1 3 
103.2 mealL 0 5 0.0033 0.0004 0.0064 2.036 2.557 1 4 
103.2 meClIL 0 6 0.0024 0.0012 0.0093 1.159 4.069 1 4 
103.2 rnealL 0 7 0.0029 0.0020 0.0043 1:720 5.955 1 2 
103.2 mealL 0 8 0.0005 0.0009 0.0048 1.029 2.578 1 2 
103.2mealL 0 9 0.0033 0.0007 0.0053 2.324 2.163 1 3 
103.2 meClIL 0 10 0.0015 0.0012 0.0043 1.496 5.273 1 2 
103.2 meqlL .0 11 0.0039 0.0007 0.0058 1.952 2,919 1 3 
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