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INTRODUCTION

CH2M HILL conducted chronic screening bioassay tests using the Sandberg bluegrass (Poa
sandbergii) on soil samples provided by the ELR Consulting for Washington Closure
Hanford, Richland, Washington. The tests were conducted from May 11 through June 14,
2006. '

Following recommendations of an additional QA review, the statistical analysis for shoot
height and root length presented in the original report (July 12, 2006) were re: ' :ulated.
Subsequently, this document presents the amended results and serves as the final report.

N...THODS AND MATET™ * LS
TEST METHODS

The chronic test methods were performed according to: Standard Guide for Conductmg
Terrestrial Plant Toxicity Tests, ASTM E 1963-02 (2002).

TEST ORGANISMS

The seeds uéed were obtained from Native Grass Seeds, Cornville, Arizona. All test
conditions were maintained during planting, germination, and growth phases of the test as
prescribed by the ASTM protocol.

CONTROL SOIL

_.e control soil used in the tests was artificial soil comprised of 70 grade silica sand (70
percent by weight), kaolin clay (20 percent), and peat moss (10 percent). Calcium carbonate
(0.4 percent of total weight) was added to adjust soil pH to 7.0 £ 0.5.

HYDRATION WATER

The water used to initially hydrate the control and test soils was Milli-Q equivalent de-
ionized water. After initial hydration, all test chambers were watered with half strength
Hoagland’s solution on an every other day basis. All hydration was accomplished via
subirrigation.

TEST CONCENTRATIONS

The concentration tested in the bluegrass tests was 100 percent test sample with control soil
alone for the control. For the bluegrass tests, 50 seeds per concentration were used with five
replicate test chambers per concentration and 10 seeds planted per chamber. Following






SAMPLE PREPARATION

Test soils and control soil were dried and homogenized prior to use. For each replicate, 90 g
dry weight of soil was added to each test chamber. The soils were initially hydrated with
Milli-Q equivalent de-ionized water via subirrigation. In addition, a sub sample of the soil
was added to a surrogate chamber and hydrated for pH measurements.

' TEST INITIATION

Tests were init” ~ d by the planting of 10 seeds in each test chamber. Seeds were planted 1 /2

times the seeds diameter (approx. 2 mm) and covered gently with soil. A small amount of

hy tion water (10 ml) was sp /ed onto the soil surface to ensure seeds received moisture.
TE! . MONITORING

According to information provided by the seed supplier, germination should take place
between 14 and 28 days. The number of seeds in each test chamber that germinated was
recorded on days 14, 16, 20, and 22. Germination was determined to have occurred on day
20.

Observations of the shoot appearance were recorded 7 days after post germination (day 27
after planting). The number of germinated seeds in each test chamber was also recorded.
Chambers that had more than five germinated seeds had the smallest seedlings removed until
the number of seedlings was reduced to five.

Soil pH was taken at initiation and termination by placing approximately 30 g of soil into a
specimen cup, adding 100 ml of hydration water, and mixing,

TEST TERMINATION

Tests were terminated 14 days post germination (day 34 after planting). The number of
seedlings, shoot appearance and height (tallest shoot of each plant), and root appearance and
length (longest recovered root of each plant) was recorded.

For each test chamber, all of the above ground biomass (i.e. “shoots”) from all germinated
plants were combined and placed into tared aluminum tins. The shoots were weighed to
determine the wet weight immediately following removal from the test chamber. The shoots
were then dried in an oven at 60 °C for a minimum of 24 hours. The shoots were then placed
into a dessicator for a minimum of 2 hours and weighed to determine dry weight.

The wet and dry weight for the roots were also obtained as described above.

s
t



" DATA ANALYSIS

For each test chamber, the following endpoints were calculated:

14 Day Post-Germination Survival (%)
(Calculated as the number of seedlings alive at 14 day post germination divided by 5)

Average Above Ground Shoot Mass (Wet)
(Calculated as the total wet weight of the shoots divided by the number of
seedlings germinated)
Average Above Ground Shoot Mass (Dry)
(Calculated as the total dry weight of the shoots divided by the number of
s 7 psgermii  ed)
Average Root Mass (Wet)
(Calculated as the total wet weight of the roots divided by the number of seedhngs
~ germinated)
Average Root Mass (Dry)
(Calculated as the total dry weight of the roots divided by the number of seedlings
germinated)
Average Total Mass (Wet)
(Calculated as the total combined wet weights of the shoots and roots divided by
the number of seedlings germinated) '
Average Total Mass (Dry)
(Calculated as the total combined dry weights of the shoots and roots divided by
the number of seedlings germinated)

Average Shoot Height
(Calculated as the total combined height of the tallest shoot of each secdhng
divided by the number of seedlings germinated)

Average Root Length
(Calculated as the total combined length of the longest root of each seedling
divided by the number of seedlings germinated)

Statistical analysis for each endpoint listed comprised of entering the data obtained from each
replicate chamber of a test soil and comparing the result to the data from the replicate
chambers of the laboratory control. Comparisons were made as a single tailed t-test,
evaluating for statistically significant reductions from the control value, using CETIS version
1.1.2. The Equal Variance t Two-Sample test was used. When the assumptions of equality
of variance or normality necessary for Equal Variance t Two-Sample test was not met, the
Unequal Variance t Two-Sample test or Wilcoxon Rank Sum Two Sample test was used.



RESULTS AND DISCUSSION

The endpoint data and the results statistical analysis are summarized in Table 2. The data
represents the average value of the replicate chambers used in each test concentration.

The results for sample J11JTO indicated a statistically significant reduction in average stem
height, average root length, average above ground shoot mass (wet), av e above ground
shoot mass (dry), average root mass (wet), average total mass (shoots + roots, wet), and
average total mass (shoots + roots, dry) when compar. o the laboratory control.

The results for sample J11JV8 indicated a statistically significant reduction in average stem

height, average root length, average above ground shoot mas avern~n chgya e
wot 1ss (dry), aw ; TOOt . (wet), ave it n n, tc
(shoots + s, wet), average total is (snoots + roo , , wi _ared to the
. laboratory control.

The results for sample J11JY2 indicated a statistically significant reduction in average stem
height, average root length, average above ground shoot mass (wet), average above ground

shoot mass (dry), average root mass (wet), average total mass (shoots + roots, wet), and

average total mass (shoots + roots, dry) when compared to the laboratory control.

The results for sample J11TW4 indicated a statistically significant reduction in average root
length, average root mass (wet), and average root mass (dry) when compared to the
laboratory control.

The results for sample J11K46 indicated no statistically significant reduction when compared
to the laboratory control.

The results for sample J1°™73 indicated a statistically significant reduction in average root
length, average root mass (wet), average root mass (dry), and average total mass (shoots +
roots, wet) when compared to the laboratory control.

The results for sample J11K67 indicated a statisti “y'signiﬁcant reduction in average stem
height, average root length, average above ground shoot mass (wet), average root mass (wet),
and average total mass (shoots + roots, wet) when comy :d to the laboratory control.

The results for samples J11KS55 indicated a statistically significant reduction in average root
length when compared to the laboratory control.

The results for sample J11KCS indicated a statistically significant reduction in average root
length when compared to the laboratory control.







CERTIFICATION STATEMENT

I certify that this data package is in compliance with the Statement of Work, both technically
and for completeness, for other than the conditions detailed above. Release of the data
contained in this hard copy data package has been authorized by the Laboratory Manager or a
designee, as verified by the following gignature:
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INTRODUCTION

CH2M HILL conducted acute screening bioassay tests using the nematode (Caenorhabditis
elegans) on soil samples provided by the ELR Consulting for the Washington Closure
Hanford project, Richland, Washir on. The tests were conducted from May 18 through 19,
2006.

METHODS AND MATERIALS
TEST METHODS
The chronic test methods were performed according to: Standard Guic for Co. ™ cting
Laboratory Soil Toxicity Tests with the Nematode Caenorhabditis elegans, ASTM E 2172-01
(2001).
TEST ORGANISMS
The nematodes used were obtained from CH2M HILL's in-house cultures and were age
synchronized as 4 day old organisms at test initiation. All organisms tested were fed and
maintained during culturing, acclimation, and testing as prescribed by the ASTM protocol.
The test organisms appeared vigorous and in good condition prior to testing.
CONTROL SOIL -
The control soil used in the tests was 70 grade silica sand.
HYDRATION WATER
The water used to hydrate the control and test soils was Milli-Q equivalent de-ionized water.
TEST CONCENTRATIONS
The concentrations tested in the nematode test were 100 percent test sample with control soil
alone for the control. For the nematode test, 30 organisms per concentration were used with
three test chambers per concentration and 10 organisms per chamber.

SAMPLE COLLECTION

The soil samples were collected from May 2, 2006, through 9, 2006. The samples were
stored in the dark at 4°C until test solutions were prepared and tested. Chain of Custody for
sample collection is provided in Appendix C.







TEST INITIATION

Tests were initiated by the addition of 10 test organisms to each test chamber. Organisms
were added to test chambers in random order.

TEST TERMINATION

Tests were terminated after 24 hours. The contents of the test chambers were added to a
centrifuge tube, 10 m! of Ludox-AM silica solution added, and each tube was hand shaken to
suspend the nematodes into the Ludox solution. The tubes were then centrifuged to
concentrate the soil and the supernatant transferred to a 15 cm petri dish and allowed to sit
for 15 minutes. The petri dish was then placed under a dissecting microscope and the

nematodes were retrieved and © ected. The recovered test organisms were recorded as
" re (responded with independent movement to tactile stimulation) or dead. Missing or un-
recovered testo _  sms a | as dead d a ys

TEST ACCEPTABILITY CRITERIA
The test must meet the following two test acceptability criteria to be considered valid:

¢ A minimum of 80 percent of test organisms must be recovered, both in the control
and each test concentration tested.
e The controls must achieve a minimum 90 percent survival.

MONITORING OF BIOASSAYS

The soil pH was measured from surrogate test chambers at test initiation. Temperature was
monitored in the test incubator at test initiation and termination.

DATA ANALYSIS

The endpoints measured during the nematode test included survival over the 24 hour
exposure period. The statistical analyses performed were those outlined in Standard Guide
for Conducting Laboratory Soil Toxicity Tests with the Nematode Caenorhabditis elegans,
ASTM E 2172-01, using CETIS version 1.1.2. Equal Variance t Two-Sample Test was used
to compare the survival data between the control and each test soil. When the assumptions of
normality or homogeneity of variance necessary for Equal variance t Two-Sample Test could
not be met, Unequal Variance t Two-Sample Test was used to analyze the data.
























































































CHzM HULL
Apptlied Sclences Lot wy

2300 NW Wolrwt 8ivd
Corvollls, OR
97330-3538
CH2MHILL P.0. Box 428
-_ Applied Sclences Leboratory Corvolls, OR
973390428
Tel 541.752.4271
June 12, 2006 Fox 5417520276
ELR Consulting

2328 S. Garfield Street
Kennewick, WA 99337

RE: Labc¢ oryReport for ELR Consulty -
A iedSc Labo « I @ No.F17

Dear Emmett Richards:

On May 09, 2006, CH2M HILL Applied Sciences Laboratory received one sample with a
request for analysis of selected parameters. All analyses were performed by CH2M HILL
unless otherwise indicated below.

The analytical results and associated quality control data are enclosed. Any unusual
difficulties encountered during the analysis of your samples are discussed in the case
narrative. This data package meets standards requested by client  1is not intended or
in ied to meet any other standard.

CH2M HILL Applied Sciences Laboratory appreciates your business and looks forward to
serving your analytical needs again. If you should have any questions concerning the data, or
if you need additional information, please call Mark Bos at (541) 758-0235, extension 3135.
Sincerely,

Wt Rors,

Mark Bos
Analytical Manager -

Enclosures

RC-051 PAGE 1 of 74



CLIENT SAMPLE CROSS-REFERENCE

CH2M HILL Applied Sciences Laboratory Reference No. F1705

Date Time
Sample ID “lient Samnle ID Collantag Collected
F170501 J1lavs ud/uyr Lu06 14:00










. AMMONIA
METHOD ™™A 350.3







SAMPLE DATA
SUMMARY







































ANIONS BY METHOD EPA300.0A

_.20..



CA™" NARRATIVE

ANIONS
Analytical Method: EPA300.0 ' Batch No.: ™77~ .
Lab Name: CH2M HILL Applied Sciences Lab Contract #.: 920842.0TC
Base/Command: iiLR Consulting Prime Contractor.: _

L Holding Times:

All acceptance criteria were met.
I A—"gis:

A. Cali L

All acceprance criteria were met.

B. Blanks:
All acceptance criteria were met.

C. Matrix Spike/Matrix Spike Duplicate Sample(s):

Samples were analyzed in accordance with SOP.

D. Labora® (-rol Spike(IL.CS)

All accepuance criteria were met,

E. Analytical Exception:
None.

F. ot er
none.

III. Sampling Equipment:
None.

1V. Documentation Exceptions:
None

V. I certify that this data package is in compliance with the terms and conditions agreed to by the client and CH2M
HILL, both technically and for completeness, except for the conditions detailed above. Release of the data
contained in this hardcopy data package has been authorized by the Laboratory Manager or designee, as verified
by the following signature.

= =\ / )
Reported by:/% ‘ t Date: & / £ / A
Reviewed by:___~ v; J Date: 6-7-6
TN

ATFCEE FORM I-1



SAMPLE DATA
SUMMARY

_22_



















































PARTICLE SIZE
METHOD 422

_39_



Hanford
Particle Size
500.0 g sample used
Weight retained is the w ht of material ON each sieve

ANALYST: KRM 05/19/2006
Weight W b Cumulative Cumulative
Client Sieve Sieve Size  Sieve Size Retained Re d Coarser Finer
Lab LD. ID. # (um) (mm) @® (%) (%)
F170501 J11XCs 8 2362 2.362 0.20 l 0.04 - 99.96
16 1180 1.180 17.70 X 3.58 96.42
30 600 0.600 27.60 : 9.11 90.89
50 500 0.500 - 34. | 16.03 83.97
100 147 0.147 107.80 2157 37.60 62.40
200 75 0.075 238.90 4781 85.41 14.59
pan 72.90 14 100.00 0.00
total 499.7

] 2300 NW Wainut Bivd., Corvallis OR 97350-3538
B CH2M HILL . P.O, Box 426, Corvallls, OR 973390426
? Applled Sclences Gr Tel 541.752.4271 Fax 541.7562.0276










TKI
METHOD EPA 351.4

_43_







SAMPLE DATA
SUMMARY

45"









QC DATA
SUMMARY

_48_
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Versi
4.00EPAC CHMC
4.00EPAC CHMC
4.00EPAC CHMC
4.00EPAC CHMC
4.00EPAC CHMC
4.00EPAC CHMC
4 .00EPAC CHMC
4 .00EPAC CHMC
4 .00EI CHMC
4 Q0EPAC CHMC
4.00EPAC CHMC
4.00EPAC CHMC
4.00EPAC CHMC
4.00EPAC CHMC
4 .00EPAC CHMC
4.00EPAC CHMC
4.00EPAC CHMC
4. 00EPACC IC
4 00EPACC IC
4.00EPAC CHMC
4.00EPAC CHMC
4. 00EPAC CHMC
4.00EPAC CHMC
400EPACC IC
400EPACC IC
4.00EPAC CHMC

.0 LabName SDG

F1705
F1705
F1705
F1705
F1705
F1705
F1705
F1705
F1705
F1705
F1705
F1705
F1705
F1705
F1705
F1705
F1705
F1705
F1705
F1705
F1705
F1705
F1705
F1705
F1705
F1705

FieldID
J11KC5
J11KC5
J11KC5
J11KC5  J11KC5
J11KC5  J11KC5
JIMKC5 M1 5
J11KC5  J11KCS
J11KC5  J11KCS
J11KC5  J11KC5
JIMKC5  J11KCS

NativelD
J11KC5S
J11KC5
J11KC5

h Y

22222222220

BS150522 BS18Q522 BS
BS1S50524 BS150524 BS
BS1S0530 BS150530 BS
BS150530 BS150530 BS
BS150530 BS150530 BS
BS1S0606 BS15S0606 BS
R$250530 BS2S0530 BS

3350530 BS3S0530 BS

SB1-0522 SB1-0522
SB1-0524 SB1-0524
SB1-0530 SB1-0530
SB1-0530 SB1-0530
SB1-0530 SB1-0530
SB1-0530 SB1-0530
SB1-0530 SB1-0530
SB1-0606 SB1-0606

LB
LB
LB
IR

}
LB
LB
LB

Iy

Type

Matrix
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOtL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL

LabSampl¢ AnalysisM(Extractiont SampleDa  SampleTin ReceiveDz ExtractDat ExtractTim AnalysisDz AnalysisTit PercentSo LabLotCtIN CAS
ASTM E77 NONE

F170501
F170501
F170501
F170501
F170501
F170501
F170501
F170501
F170501
F170501
BS150522 E351.4

BS150524 £350.3

BS150530 E300.0A
BS150530 E300.0A
BS150530 E300.0A

E350.3

E351.4

E300.0A
E300.0A
E300.0A
E300.0A
E300.0A

METHOD
METHOD
METHOD
METHOD
METHOD
METHOD
METHOD

ASTM D22 NONE
SWE045C METHOD

METHOD
METHOD
METHOD
METHOD
METHOD

BS150606 ASTM E77 NONE

BS250530 E300.0A
BS350530 E300.0A
SB1-0522 E351.4

SB1-0524 E350.3

SB1-0530 E300.0A
SB1-0530 E300.0A
SB1-0530 E300.0A
SB1-0530 E300.0A
SB1-0530 E300.0A

METHOD
METHOD
METHOD

ETHOD
METHOD
METHOD
METHOD
METHOD
METHOD

SB1-0606 ASTM E77 NONE

5/9/2006
5/9/2006
5/9/2006
5/9/2006
5/9/2006
5/9/2006
5/9/2006
5/9/2006
5/9/2006
5/9/2006

14:00
14:00
14:00
14:00
14:00
14:00
14:00
14:00
1400
14:00

5/9/2006
5/9/2006
5/9/2006
5/9/2006
5/9/2006
5/9/2006
5/9/2006
5/9/2006
5/9/2006
5/9/2006

5/24/2006
5/22/2006
5/31/2006
5/31/2006
5/31/2006
5/31/2006
5/31/2006

5{12/2006
5/22/2006
5/24/2006
5/30/2006
5/30/2006
5/30/2006

5/30/2006
5/30/2006
5/22/2006
5/24/2006
5/31/2006
5/31/2006
5/31/2006
5/31/2006
5/31/2006

11:08

11
12:17
12:17
12:17
1217
1z

1556
19:47

9:55
17:47
17:47
17:47

18:57
20:08
19:50
10:21
0:26
0:26
0:26
0:26
0:26

6/6/2006
5/24/2006
5122/ 5
5/31/2006
5/31/2006
5/31/2006
5/31/2006
5/31/2006
5/19/2006
5{12/20086
5/22/2006
5/24/2006
5/30/2006
5/30/2006
5/30/2006

6/6/2006
5/30/2006
5/30/2006
5/22/2006
5/24/2006
5/31/2006
5/31/2006
5/31/2006
5/31/2006
5/31/2006

6/6/2006

16:18
11:08
20:11
12:17
12:17
12:17
12:17
12:17
16:30
15:56
19:47

9:55
17:47
17:47
17:47
11:20
18:57
20:08
19:50
10:21

0:26

0:26

0:26

0:26

0:26
11:29

99.35
99.35 SB1-0524
99.35 SB1-0522
99.35 SB1-0530
99.35 SB1-0530
99.35 SB1-0530
99.35 SB1-0530
99.35 SB1-0530
99.35
99.35 SB1-0512
100 SB1-0522
100 SB1-0524
100 SB1-0530
100 SB1-0530
100 SB1-0530
100
100 SB1-0530
100 SB1-0530
100 SB1-0522
100 SB1-0524
100 SB1-0530
100 SB1-0530
100 SB1-0530
100 SB1-0530
100 SB1-0530
100

TOC TOC
7664-41-7 NH3N
7727-37-9 KN
16887-00- CL
16984-48-1 F
14797-55-t NO3N
14797-65-( NO2N
14808-79-1 SO4
MOISTURI MOIST
pH PH
7727-37-9 KN
7664-41-7 NH3N
16887-00-¢ CL
16984-48-1 F
14808-791S04
TOC TOC
14797-65-(NO2N
14797-55- NO3N
7727-37-9 KN
7664-41-7 NH3N
16887-00- CL
16984-48-1F
14797-55-t NO3N
14797-65-( NO2N
14808-79-1 SO4
TOC TOC

ParamID Analyte

Total Orga
Ammonia-|
Total Kjeld
Chloride
Fluoride
Nitrate-N
Nitrite-N
Sulfate
Moisture
pH

Total Kjeld
Ammoaonia-l
Chloride
Fluoride
Sulfate
Total Orga
Nitrite-N
Nitrate-N
Total Kjeld
Ammonia-|
Chloride
Fluoride
Nitrate-N
Nitrite-N
Suifate
Total Orga

Result

3400
1.28
415
0.395
0.391
0.0771
0.484
2.2
0.655
7.45
1440
20.7
25
24.4
26.6
9530
5.63
38
77.3
2

0.5
0.5
0.5
0.5
0.5
100




ExpectedV Units
MG/KG
MG/KG
MG/KG
MG/KG
MG/KG
MG/KG
MG/KG
MG/KG
PERCENT
PH UNITS

1420 MG/KG
20 MG/KG
25 MG/KG
25 MG/KG
25 MG/KG

8 MG/KG

5.65 MG/KG
36 MG/KG

0 MG/KG
0 MG/KG
0 MG/KG
0 MG/KG
0 MG/KG
0 MG/KG
0 MG/KG
0 MG/KG

Dilution

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

MDL
105
0.891
59.2
0.0581
0.052
0.045
0.043
0.0772
0
0
27.3
0.534
0.0607
0.0543
0.0806
58.1
0.0449
0.0469
27.3
0.534
0.0607
0.0543
0.04A9
0 9
0.080V6
35

RL

Lab(
300
3.34 B
217
0479 B
0.47¢
0479 B
0479 U
0.479
0
0
100

ie Surrogate Comments ParValUnc Recovery LowerCont UpperConi Basis

N

z 2

102
103
99.9
97.6
106
108
99.6
106

O0O0OD0O0DODODODOO

O00O0O0O0DODO

ConcQual MDLA

cCCcCCcccccestum i um i unmnuuiilCecCoc o

105
0.9
59.8
0.0587
0.0525
0.0454
0.0434
0.078
0

0

27.3
0.534
0.0607
0.0543
0.0806
58.1
0.0449
0.0469
27.3
0.534
0.0607
0.0543
0.0469
0.0449
0.0806
35

300 J11KCS
3.37 J11KC5
219 J11KC5
0.484 J11KC5
0.484 J11KC5
0.484 J11KC5
0.484 J11KC5
0.484 J11KC5
0 J11KC5
0 J11KC5
100
2
0.5
0.5
0.5
166
0.5
0.5
100
2
0.5
0.5
0.5
0.5
0.5
100

NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE

djust RLAdjustes SampleDe: LeachMett LeachDate LeachTime LeachLot AnalysisLo CalReflD

SB1-0606 10140551
052406NH 052406NH3
052206KN 052206TKN
053006Q3 300A-013006
053006Q3 300A-013006
053006Q3 300A-013006
053006Q3 300A-013(
053006Q3 300A-013006
051906MC NONE
051206PH NONE
052206KN 052206 TKN
052406NH 052406NH3
053006Q3 300A-013006
053006Q3 300A-013006
053006Q3 300A-013006
SB1-0606 10140551
053006Q3 300A-013006
053006Q3 300A-013006
052206KN 052206 TKN
052406NH 052406NH3
053006Q3 300A-013006
053006Q3 300A-013006
053006Q3 300A-013006
053006Q3 300A-013006
053006Q3 300A-013006
SB1-0606 10140551





