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1811 4 Wile Road, NE

Grand Rapids, M| 49525 2442
§16 361 2664 VOICE

616 3671 1493 rax
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Janhuary 16, éDO?

WATER Division

\JA

Ms, Karen Rae Boase N22 2007
Michigan Department of Environmental Quahty .

Water Bureau ENFORCEMENT
Constitution Hall

P.O. Box 30473

{ansing, Ml 48908

Re: 8pring Lake — Lake Board Work Plan
Dear Ms. Boase:

Per your telephone conversation on January 12, 2007, with Mr. Tony Groves of my
office, | am sending you a work plan that combines the elements stated in our letters
to Mr. David Timm on October 17, 20086, and to you on December 21, 2008, relative
to the November 2005 alum spill in Spring Lake,

On behaf of the Spring Lake — Lake Board, Progressive AE proposes to collect
sediment and water samples once during spring turnover each year for four years at
three locations in Spring Lake (Figure 1). Site 1 will be located at Prospect Point and
serve as a reference site; Sites 2 and 3 will be located in the vicinity of the alum
release.

Temperature will be measured in a verical profile using an YS| Model 550A probe.
Waier samples will be collected from the surface, mid-depth, and bottom at Sites 1
and 3, and from the surface and bottom at Site 2 with a Kemmerer or VanDorn bottle
fo be analyzed for dissolved oxygen content, pH, total aluminum, and dissolved
aluminum. Dissolved oxygen samples will be fixed in the fleld and then transporied to
Progressive AE for analysis using the modified Winkler method (Standard Methods
Procedure 4500-0 C). pH will be measured in the field using an YS! EcoSense pH10
meter. Total aluminum and dissolved atluminum samples will be placed on ice and
transported to Trace Analytical for ana[ysas using EPA Procedures 601 DB and 6020,
respeciively.

Sediment sampies will be collected using a petite Ponar sampler and analyzed by
Trace Analytical’ for percent total solids and aluminum using ASTM D2074 and EPA
Procedure 6310B, respectively.

Additional sediment will be collected from each of the three locations for use in
Chironomus tentans and Hyafella azteca ten-day acute whole sediment toxicity tests
to be analyzed by Greal Lakes Environmentat Center® using EPA Method
EPA/600/R-59/064.

e

! Trace Analytical Laborateries, Inc., 2241 Black Creek Road, Muskegon, WM 49444-2673.
Certifications: National Environmentai Laboratory Accreditation Program; MDEQ for
micrebiology and inorganic chemistry.

? Gr_eat i akes Environmental Center, 739 Hastings Street, Traverse City, M 49686.



Puuduuuuu:nn-usﬁnuuuu

TOGresSIVeAL

Ms, Karen Rae Boase
January 16, 2007
Page 2

Annual reports will be submilled to the Chief of the Surface Water Assessment
Section by December 1 of each year beginning in 2007 and ending in 2010. A final
report shall contain:

» An introduction section that includes the description and details of the incident
that includes the dale, circumstances, and extent of the spill.

_ = A methed section that includes details and a description of the sampling and
techniques used, the USEPA sampling method numbers, the laboratory analysis
and credentials of the.laboratory used.

= A result section that contains an organized summary of tables and graphs, if
applicable, the collected data and a narrative statement summarizing the data.

= A discussion and conclusion section that Includes a comparison of reference to
non-reference sites, and arguments for or against the need for site remediation.

if you have any questions about the information contained herein, please call me at
616/447-3377.

Siricerely,

PROGRESSIVE ARCHITECTURE ENGINEERING

Pamela J, Tyniz;
Water Resources Department

PJT/amb

54060102/002

Enclosures

cc:  Spring Lake — Lake Board - John Nash
XAWGENSYS4060102\2007\pt01 16Edoe
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Appendix B

Sediment Toxicity Results

Spring Lake Report for ACO-SW08-001 54060102
December 1, 2008 '
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_Mr. Paul Hausler . . - ) L
" Progressive AE ‘ o 2 July 3, 2008

* The three Progressive AE sediment samples were shipped. by Progressive AE pérsonoel_ .
" and were received at GLEC, where they were assigned a unique GLEC laboratory
1dent1ﬁcatlon number and stored at 4°C until test initidtion. .

Sample LD. GLEC Number | Date Shlpped " T Date Received

~ {'SLAT - : ~ . 7342 April 28, 2008. - | April 30, 2008
sL2 - 7343 . . | April 28,2008 | April 30, 2008
'SL~3 7 7344 | April 28 2008 . | April 30,.2008

The 10 day C. d:lufus and H azteca whole sedlment toxmlty tests were 1n1t1ated on May
16, 2008 . .

Second instar C dzlutus (10 days old at test xmtlanon) and H azteéa (7-8 days old at test

- initiation) were used 1o initiate the whole sediment toxicity tests. C' dilutus:and H. azteca
were continuously exposed for 10 days to each of the sedimient samples and 10 a laboratory
control sediment. There weré eight replicate beakers.for each sediment sample and = -~
' laboratory control; each replicate contained 10 animals. The Taboratory control sediment
is a reference sediment collected locally from the Boardman River, a blue r;bbon trout
stream, located in the Pere Marquette State Forest.

) The 'C. dilutus and H. azteca were exposed in 300 nil, high form, beakers each contammg
100 mL of whole sediment dnd 175 mLs of overlying water. Ovellymg water was _
' supp]zed 10 each test chamber at least twice daily (once every 12-hour period) via a static-
renewal water dehvery system. The overlying water consisted of de-chlorinated mumclpal'
(Lake Mlchlgan) ‘water of moderate hardness (160-180 mg/L). The C. dilutus test .
" chambeérs were fed 1.5 mL of Tetrafin® goldfish foed slurry (4mg/mL dry solids) daily., .
The H azteca test chambers were fed 1 0mL of YTC (1 800 mg/L sohds) daily.

-The test chambers were placed in a temperature controlied water bath under the spemﬁed
conditions of 2341 °C photoperlod of 16 hours light. and 8 hours da1k and ambient
lighting. Water temperature was monitored continilously in the water bath using an
electronic data logger (Appendix E) while temperatures in the test chambers were’
_measured daaly in two alternating replicates for each test sample. 'Alkalinity, hardness, pH

" and total ammonia were measured at test initiation and at test termination (Tables 5 and 6).
Observations on organism behavior were made daily in each test chamber and recorded on
the laboratory bench data sheets. The number of orgapisms survivirg was recorded at test
termination (10 days) and a summary of the percent survival is provided in Tables 1 and'3.

* The average ash free dry weight (mg) for each C.- dilutus replicate and the average dry
‘weight (img) for each H. azteca replicate was also detelmmed at test termmatlon and -
s‘ummanzed in Tables 2 and 4, respec’avely

A statistical analysis using TOXSTAT (3.5, 1996) and stati;tioal guidelinos provided in



Mr. Paul Hausler , N e o _
PlogressweAE : s '3 ~ July 3,2008

+ the EPA/600/R-99/064- Methods for Measuring the Toxicity and Bzoaccumulatzon of
' Sedtment—Assoczared Contaminants with Freshwater Inver tebrates, Second Edition and i
ASTM 1706-95B, Standard Test Methods for Measuri ing the Toxicity of Sedmzent '
Associated Contamitants with Freshwater Inivertebiates (ASTM 2000) were used to
compare the 10- day survival and growth endpoints. Inmally, all survival data were
- transformed using an arc sine-square root transformation prior to anaiyszs The
transformed data were theh tésted for normahty and homogenéity of variances.. Next, an
" analysis of variance (ANOVA) was conducted using the most appropriate palametrlc or
nenparametric / test.. If the data failed to meet the assumptions of normality or '
“homogeneity, then the nonparametric tests were used to analyze the data. The
investigative sample was considered statlsttca!ly different when the peicent survival was
s&gmﬁcanﬂy Iower (P=0.05) than in the control sediments. '

i

RESULTS

Chironomus dilutus

- The 1abcrat01y control scdlment organisms exceeded the mmzm‘um survival (70 percent or .
greater) and growtli (0.48 mg or greater AFDW at test.termination) criteria for an o
acceptable control for the C. dilutus test (Tables 1 and 2). The acceptable requiréments for
survival and grow’th for the C. dilutus can be found in the EPA /600/R-99/064 manual,

_ Table 12.1. The overlying water quality measurements (Table 5) were also within.the

‘ acceptable limits followmg the EPA testing protocol (i.e., daily mean temperatures were

_within & 1°C of 23°C; the dissolved oxygen (. 0.) was mamtamed above 2.5 mg/L in the -
oveliymg watet; and there were no variations greater than 50% in hardness, alkalinity and
ammonia measurements within each test type; in the- overlying water). Consequently, the

" C. dilutu’s whole sediment foxicity tests were conducted following the standard-protocols -

.~ and are valid assessments of sediment toxicity, with the following exceptions. On May
" 122, 2008, the dissolved oxygen in the laboratory control sediment and in two investigative
sedunents SL-I SL-2, and SL-3, fell below 2.5 mg/L, and in response, a third overlying
water reniewal-was added to all of the controls and investigative test sediments. The brief

" drop in DO was unlikely to have affected thie test results (see EPA /600/R-99/064 manual,
section 15.3.8.2.3). All test chambers were checked dally to assess orgamsm bch&vmr and
no unusual observations were noted w1t11 the test organisms.

There was a.no statistically significant (P=0. 05) reduction in C. dilutus survival for the
three investigative samples (SL-1, SL-2, and-SL-3) after 10 day$ of exposure, when
compared to the laboratory control sediment (Table 1), Growth (measured as ash free dry -
weight in mg) was not significantly rediiced i in any of three samples tested when compared

" to the Iaboratory comxol sediment (Table 2)

A summary of the survival and growth statxstlcal anaiyms data fcr the: C dilutus whcie
sediment tox101ty tests are pmwdcd in Table 7 and Appendlx C
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. Hyalella azteca .~ = - | . \ o o

* The laboratory control sediment organisms used for the /. azteca sediment tests exceeded
- the minimum survival (80%) criteria and had measurable growth relative to the weight of
organisms at test'initiption (Tables 3 and 4). The acceptdble requirements for survival and
- growth for the H. azfeca can be found in the EPA /600/R-99/064 manual, Table 11.2. The -
" overlying water quality measureménts (Table 6) were also within the acceptable limits
- following the EPA testing protocol (i.e., daily mean temperatures were within & 1.°C of
23°C; the D.O. was maintained above 2.5 mig/L in the overlymg water; and there were no
variations greater than 50% in hardness, alkalinity and ammonia measurements w1th1ﬂ
each {est type, in the overlying watex) All test chambers were checked daily to assess

organism behavior and no unusual observations were noted. 'Consequently, the H. azteca -

whoIe sedlment tox1c1ty tests are valid gssessments of sedlment toxjcity.

There was a.statxstlcalljr mgmf}cant l'educuon (P=0.0S) 11‘_1 H. azteca survival after 10-days
of exposure in one of the three investigative samples (SL-2) when compared to the
laboratory conirol sediment (Table 3). However, H. azteca grcwth (measured as ayerage
dry weight in mg) was not significantly reduced in any of the three investigative samples ’
when compared to the laboratory control sediment ('I‘able 4) . '
A summary of’ the survival and growth statxsncai anaiysxs data for the H. azteca whole
sediment toxmty tests are provxded in Table 8 and Appendn( D '

If you have any quesuons orif you would like addltlonal mfozmatlon please contact .
either me or Dennis McCauley at (231) 941-2230. Thank you for the opportunity to
-provide this service Progressive AE and we look forward to continuing to p1ov1de

. enwronmental services to you in the future

. Sincerely, | S
Aoy M&mﬁwﬂ -
, Mailee W. Garton ; o

Laboratory Coordinator

s MWGimg
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TABLE 5.  Summary of Mean Water Quality Parameters of Overlying Water Samples
Collected Just Prior to Renewal for the Progressive AE Chironomus dilutus
10-Day Whole Sediment Toxicity Tests Conducted May 16-26, 2008,
Temperature | pH | Dissolved Specific Alkalinity | Hardness Taotal
Sample ID °C (s.u) | Oxygen | Conductivity {(mg/L (mg/L Ammonia
GLC# {mg/L) (pmhos) CaCo03) CaCo;) (mg/L)
n=22 =4 n=21 =4 n=2 n=2 " =2
Laboratory 22.8 ] 4.8 - .
Control (223-23.8) | 761 | (0.8-6.9) 299.0 126.0 134.0 1.04
SL-1 28 || 48 ' .
GLCHE 1342 (222-23.8) | 771 | (1.6-7.6) 323.8 117.0 150.0 040
SL-2 - 28 53
GLCH 7343 (223238 | 7.82 | 279 308.5 118.0 170.0 032
813 28 704 | , 48 158.0 030
GLCH 7344 (22.3-21.8) . (1.5-7.1) 327.5 116.0 . .




TABLE 6. Summary of Mean Water Quality Parameters of Overlying Water Samples
Collected Just Prior to Renewal for the Progressive AE Hyalella azteca 10-
Pay Whole Sediment Toxicity Tests Conducted May 16-26, 2008.
) Temperature | pH | Dissolved Specific Alkalinity | Hardness Total
Sample ID °C (s} | Oxygen | Conductivity {mg/L {mg/L Ammonia
GLC# (mgfL) {mhos) CaCly) CaC0y) (mg/L)
, n=22 n=4 n=21 =4 =2 n=2 n=2
| Laboratory 22.8 59 .
Control (223-23.8) | 775 | (4.0-67) 3015 123.0 138.0 0.70
S1~-1 22.8 6.2 ’
GLCH 7342 (22.1-23.8) | 7.98 | (5.1-6.7) 317.3 113.0 136.0 0.1
SI-2 22.8 6.5
GLCH 7343 (22-23.8) | 792 | (5.07.9) 302.8° 114.0 170.0 a.1
S1-3 22.8 50 62 ‘ 40 013 |
GLCH 1344 @23238) | 805 | gm0 | 398 H8.0 154. '
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TABLE 7. Survival and Growth Suminaries of Statistically Significant Differences
(p=0.05) Between the Investigative Sediment Samples and the Laboratory
Control Sediment for the Progressive AE 10-day Chironomus dilutus

Sediment Toxicity Tests
GLC# |  Survival with Growth with
Test Material : Laboratory Laboratory
Control Control
SL-1 7342
SL-2 1343
SL-3 7344

X-Significantly different from control sediment (alpha=0.05)



TABLE 8. Survival and Growth Summaries of Statistically Significant Differences
: (p=0.05) Between the Investigative Sediment Samples and the Laboratory
Control Sediment for the Progressive AE 10-day Hyalellu azteca Sediment

Toxicity Tests
GLC # Survival with Growth with
Test Material Laboratory Laboratory
Control Control
Si-1 7342
SL-2 7343 X
SL-3 7344

X-Significantly different from control sediment (alpha=0.05)




Appendix A
Chain of Custodies
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| Appendix B
Overlying Water Quality Summaries
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Progressive AE: 1962-00 Chironomus difutus 10 Day

Control . .
Temperatunn  pH D.0.  Jonductivity Alkalinity Hardness Ammeonla
Date TestDay  (°C) (s.u.) (mg/ly  (prmos)  (mg/l)  (mglb)  {mgil)
16-May-08 0 23.8 7.64 6.10 3020 132.0 132.0 0.86
238 7.55 6.20 303.0
17-4ay-08 1 231 6.80
230 6.60
18-May-08 2 22.8 8.70
23.0 B.60
19-May-08 3 22.7 6.80
22.9 8.90 .
20-May-08 4 228 6.80
2238 6.50
21-May-08 5 227 1.50
27 1.40
22.May-08 8 227 0.80
_ 226 0.80
23-May-08 7 223 4.40
22.3 4.40
24-May-08 8 225 4.00
224 4,20
25-May-08 g 228 3.80
228 4.40
25-May-08 10 228 762 3.90 284.0 120.0 136.0 1.2
228 7.74 ) 297.0 ‘
MEAN 228 7.61 4.75 299.00 12600  134.00 1.04
N 220 4.0 21.0 4,0 2,0 2.0 2.0
Max # 23.80 7.74 6.50 363.00 132.00 - 136.00 1.22
WHn # 22,30 7.54 0.80 284,00 120.00 132.00 0.86
10 Day Stats
REP # 1 2 3 4 ) 6 7 8
# SURVIVING 10 10 10 10 10 10 9 2
weight (mg)  1.085 1.063 1.333 1.020 1.134 1.130 1,344 1417

Page 3 of 45

% Survival
876

avg weight
1.161
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' progressive AE: 1962-00 Chironomus difutus 10 Day
SL-1  GLCH 7342 :
Temperatun  pH D.0. lonductlvity Alkalinlty Hardness Ammonla

Date TestDay  {°G) (5.u.) (mgil)  (wmos)  (mglt)  {mgll}  {muoil)
16-May-08 0 23.8 7.74 8.50 331.0 110.0 162.0 0.17
23.8 7.70 8.50 338.0
17-May-08 1 23.0 8.60
. 23.0 6.80
18-May-08 2 23.0 6.60
229 6.70
18-May-08 3 22.8 7.00
22.8 8.80
20-May-08 4 229 8.80
: 22.8 71.00
21-May-08 b 228 2.60
228 2.00
22-May-0B 8 224 "~ 1.80
223 1.80
23-May-08 7 222 . 2.50
222 2.80
24-May-08 8 22.4 - 3.80
22.4 4.10
25-May-0B 9 22.8 4.00
226 4.10
268-May-08 10 22.8 7.67 3.80 314.0 124.0 148.0 0.8
22.8 7.72 312.0 ’
MEAN 22.8 7.71 477 323,76 117.00 - 150.00 0.40
N= 22.0 4.0 210 . 4.0 20 2.0 2.0
Max # 23.80 7.74 -7.00 338.00 124.00 162.00 0.62
Min # 22.20 7.867 1.60 312.Q0 110.00 148.00 0.17
10 Day Sfats
REP # 1 2 3 4 5 8 7 B
) ’ % Survival
# SURVIVING 9 ] 9 10 10 10 a i0 10 6.3
avg welght

weight {ng)  1.669 1.801 1.710 1.545 +.603 1.761 1.597 1.483 1.645
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Progressive AE: 1962-00 Chlronomus dilutus 10 Day
8i-2 GLC#7343

Temperature  pH D.0. lonductivity Alkalinity Hardness Ammonia
Date TestDay  (°Q) (s.u} (mg/ll)  (pmos)  {maft) {mgiL) {mgiL)
16-May-08 0 23.8 7.82 7.90 307.0 144.0 200.0 .17
T 238 7.85 7.20 3080
17-May-08 i 229 5.60
23.0 8.50
18-May-08 2 22.8 6.50
22.9 6.860
19-May-08 3 22.7 7.10
22.9 6.80
20-May-08 4 228 6.60
_ 22.9 6.90
21-May-08- 5 227 . 340
‘ 228 260
22-May-08 ] © 2256 240
22.4 2.20
23-May-08 7 22.5 4,00
225 T 4.20
24-May-08 8 223 4.50
_ 22.3 4,70
28-May-08 8 22.8 4.70
' 228 . 5.10
26-May-08 10 22.8 7.78 4.80 307.0 122.0 140.0 0.5
' 228 7.84 312.0
MEAN ] 22.8- 7.82 5.30 308.50 148.00 170.0¢ 0.32
Ne= 22.0 40 210 4.0 2.0 2.0 2.0
Max # - 23.80 7.85 7.80 31200 122.00 20000 . 046
Min# 22,30 7.78 2.20 307.00 114.00 140.00 047
10 Day Sfats
REP # i 2 3 4 5 6 7 8
' % Survival
# SURVIVING 10 10 10 16 10 10 8 10 7.5
avy welght

welght (mg}  1.473 1.363 1.633 1.514 1.276 1.464 1666 = 1688 1.485



Progressive AE: 1962-00 Chirenomus dilutus 10 Day

S1-3 GLCET7344

Page 6 of 45

. Temperatun  pH D.0. onductivity Alkalinity Hardness Ammonia
Date Test Day (*C}) {su) -~ {molL) {umos) {mg/L) {mgli) {mg/L)
16-May-08 0 23.8 . 7.73 7.00 331.0 110.0 160.0 0.03
. 23.8 7.77 7.00 3330
17-May-08 1 23.0 7.00
22.9 6.70
18-May-08 2 22.9 6.90
229 6.80
19-May-08 3 229 6.90
230 6,90
20-May-08 4 228 7.10
22.8 8.80
21-May.08 . 5 228 230
228 2.60
22-May-08 6 22.3 1.50
22.3 1.60
23-May-08 7 22,5 2.30
225 2.20
24-May-08 8 22.4 3.80
22.3 3.80
25-May-08 ] 22.6 3.90
22.8 370 :
26-May-08 10 22.8 770 4,20 321.0 122.0 156.0 0.6
22.8 7.76 325.0 :
MEAN 22.8 7.74 4.82 327.50 116.00 168.00 0.30
N= 21.0 4.0 21.0 4.0 2.0 290 2.0
Max # 23.80 797 710 -333.00 122,00 160.00 0.56
Min # 22.30 7.70 1.60 321.00 410.00 156,00 0.03
10 Day Stats
REP # 1 2 "3 4 5 8 7 8
' % Survival
#SURVIVING 10 10 10 10 10 9 10 10 98.8
‘ C avyg welght
welght {mg)  1.762 1.710 1.624 1.327 1425 1.836 1.626 1.666 1622



Progressive AE: 1962-00 Hyallela azteca 10 Day

Caonirol
Temperature ~  pH D.0. Conductivity Alkallnity Hardness Ammonia
Date Test Day {*C) (s.u.) {mgiL) {umos) tmgil) _ {mgit}  {mgil}
16-May-08 0 238 7.54 6.10 302.0 132.0 $32.0 0.86
23.8 755 6.20 303.0
17-May-08 1 23,0 6,50
23.0 6.60
18-May-08 2 2390 B.50
23.0 8.70
19-May-08 3 22.8 6.60
22,9 8.70
20-May-08 4 228 6.60
22.8 680
21-May-08 5 22.6 5.20
226 4.60
22-May-08 6 22.3 410
' 2.3 4.00
23-May-08 7 223 4.70
22.3 5.80
24-May-08 8 224 520
223 8.00
25-May-08 8 228 6.30
: 228 8,70 -
26-May-08 10 23.0 8.0% 6.40 305.0 114.0 144.0 0.5
228 7.81 296.0
MEAN 22.8 7.75 6.91 301.50 123.00 138.00 0.70
N 22.0 4.0 21.0 4,0 2.0 2.0 2.0
Max # 23.80 8.01 6.70 306.00 132.00 144.00 0.8%
_ Min# 22.30 7.54 4.00 296,00 114.00 132.00 0.83
10 Day Stats
REP # 1 2 3 4 5 6 T 8
# SURVIVING 8 g & 10 i0 10 8 10
welght {mg) 0.121 0.083 0.115 0.080 0.084 0.067 0.124 0.083
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% Survival
88.8

avg welght
0,082



e

‘. Progressive AE: 1962-00 Hyallela azteca 10 Day
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SL-1  GLC# 7342
: Temperatun  pH D.0. onductivity Alkalinity Hardness Ammonia
Date TestDay _ (°C) (s.u.) {mgll)  {(umbs) (mg/l}  (mgl)  {mgfl)
16-May-08 0 23.8 7.74 6,50 331.0 110.0 152.0 0.08
23.8 7.70 6.50 338.0
17-May-08 1 23.0 6.30
22.8 68.70
18-May-08 2 23.1 6.30
23.2 6.10
18-May-08 3 22.9 6.50
. 22,9 6.50
20-May-08 4 22.9 6.50
: 23.0 6.60
21-May-08 ) 226 5.90
224 5,60
22:May08 - B 22.2 5.10
22.2 5.30
23-May-08 7 22.1 8
: 22.2 6.50
24-Way-08 8 22.3 6.60
. 223 6.50
- 25-May-08 9 - 22.8 5,70
226 5.90
26:May-08 10 22.8 8.23 8.70 301.0 116.0 4200 0.1
22.8 8.26 299.0
MEAN 228 7.98 6.22 3M7.26 113.00 136.00 411
N= 22.0 4.8 - 210 4.0 2.0 2.0 2.0
. Max # 23.80 8.28 6.70 338.00 116.00 152,00 013
Min # 22.10 7.70 §.40 299.00 110.00  120.00 0.09
16 Day Stats
REP # 1 2 3 4 5 6 7 8 _
: ‘ % Survival
# SURVIVING g g 8 9 8 10 8 9 87.5
avy weight
weight {mg) 0.066 0.072 0.081 0.098 0.087 0.082 0.088 0.093 0.085



J Progressive AE: 1962-00 Hyalle/a azfeca 10 Day

SL-2  GLC# 7343 .
Temperatun  pH D.O. ionductlvity Alkalinity Hardness Ammaonia
Date TestDay  ("C) {s.u.} (mg/k)  (wmos) {mg/L) {mglL} {mg/L)
16-May-08 0 23,8 7.82 7.90 307.0 114.0 200.0 0.17
23.8 7.85 7.20. 3080
17-May-08 4 229 6.80
229 6.80
18-May-08 2 22.9 6.70
23.0 6.90
19-May-08 3 228 6.80
22.8 6.80
20-May-08 4 22.9 6.70
22.9 6.50
21-May-08 5 2286 570
. 22.8 §.30
22-May-08 G 22.3 *5.00
22.3 560
23-May-D8 7 22.2 6.40
22.3 8,50
24-May-08 8 223 6.00
. 22.3 6,10
25-May-(8 g 22.8 6.70
1226 - 8.80 .
26-May-08 10 228 8.03 6.00 302.0 - 114.0 140.0 0.0
22.8 7.97 294.0
© MEAN 22,8 7.92 6.47 302,75 114.00 170.00 0,11
N= 22.0 4.0 21.0 4,0 2.0 2.8 2.0
Max # 23.80 8.03 7.80 308,00 114.60 200.00 .17
Min # 22.20 7.82 6.00 294.00 114,00 140.00 0.04
10 Day Stats
REP # 1 2 3 4 5 6 i B
# SURVIVING 9 7 5 5 4 4 5 7
weight (mg) 0.161 0.124 0.072 0.116 0.172 0.080 0.122 0.680

% Survival
57.5

avg weight
0111
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Progressive AE: 1862-00 Hyalfela azteca 10 Day
SL-3  GLC#7344

Temperaturr  pH D.O. onductivity Alkalinity Hardness Ammonia
Date Test Day (°C) (5.4.) {mg/L) {umos) (mgll} {mgll) {mglL}
16-May-08 0 23.8 773 7.00 3310 110.0 160.0 0.25
238 777 7.00 333.0
17-May-08 1 228 . 8.60
230 6.40
18-May-08 2 23.0 6.50
- 22.9 6.50
19-May-08 3 22.9 6.80
229 8.70
20-May-08 4 23.0 6.80
‘ _ 22.9 6.50
21-May-08 5 227 6.00
22.7 5.90
22-May-08 6 22.3
22,3
23-May-08 7 228 5.80
22.5 550
24-May-08 8 22.3 5.80
223 6.20
25-May-08 g 22.8 8.40
‘ 226 6.00 .
26-May-08 10 22.8 8,38 6.40 300.0 126.0 148.0 0.0
: 22.7 8.30 306.0
MEAN 22.8 8.05 6.22 318.75 118.00 154.00 0.13
N= 22.0 4.0 21.0 4.0 2.0 2.0 2.0
Max # 23.80 -8.38 7.00 333.00 126,00 - 160.00 0.28
Min # 22.30 7.73 4,90 306.00 110.00 148.00 0,00
10 Day Stats
REP # 1 2 3 4 5 5 7 8
#SURVIVING 10 10 10 10 10 8 10 10
weighf (ing) 0111 0.079 0.070 0.076 0.089 0.086 0.07¢

0.086
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% Survival
a7.b6

avg weight
0.086



Appendix C
Chironomus dilutus

10-Day Statistical Data
o Weight
e Survival
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Titler progressive BE c.dilutus survival may 16-26, 20087 - o mro i siom seee e
File: edllisur7342 Transform: BRC SINE(SQUARE ROOT(Y))

Shapiro - Wilk's Test for Normality

D= 0.1942

W= 0.6914

Ccritical W = 0.9040 (alpha = 0.01 , N = 32)
W = 0.9300 {alpha = 0.05 , N = 32)

Data FAIL normality test (alpha .= 0.01}. Try another t;ansformation.

Warning - The first three homogeneity tests are sensitive to non-normality
and should not be performed with this data as 1s.

Title: progressive AE c.dilutus survival wmay 16-26, 2008
File: cdileur7342 Transfoxrm: ARC SINE (SQUARE ROOT (Y})

Hartley's Test for Homogenelty of. Variance

Calculated H statistic (max Var/min Var) 3.4994

Table H statistic = 14.50 {alpha = 0.01)
8.44 (alpha = 0,05}
Used df = 7 .
Based on R (# groups) = 4
Data PASS homogeneity test {alpha = ¢.01). Continue analysis.
Title: progre531ve AR c. dllutus survival may i6-26, 2008
File: cdilsur7i4n Transform: ARC SINE (SQUARE ROOT(Y})
Bartlett's Test for Homogeneity of Variance
Calculated Bl statistic = 2.5983 " (p-value = 0.4578)

Data PASS Bl homogeneity test at 0.01 level. Continue analysis.

11.3449 (alpha = 0.01, 4f = 3}
7.8147 (alpha = 0.05, df = 3}

Critical B

1
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Title: progressive AE c¢.dilutus survival may 16-26, 2008
) Transform:

File: ‘ cdilsur7342

Number of Groups:

NO TRANSFORMATION

lab control
lab contrel
lab control
lah control
lab control
1lab control
lab control
labh- - control
SL-1 GLC#7342
SL-1 GLCH#7342
8L-1 GLC#7342
SL-1 GLC#7342
SLi~-1 GLC#7342
S8L-1 GLCH#7342
81;-1 GLCH#7342

" 8L-2 GLC#
81,-2 GLCH#
8L-2 GLC#
SL-2 GLC#
8L~2 GLC#
SL-2 GLC#
SL-2 GLCH#
SL-2 GLCH
SL-3 GLC#
SL-3 GLCH#
SL-3 GLCH#
8L-3 GLCH
8L-3 GLCH
S8L-3 GLC#
SL-3 GLCH#

i
1
1
1
1
1
1
1
2
2
2
2
2
2
2 -
2 S1.-1 GLC#7342
3 -
3
3
3
3
3
3
3
4
4
4
4
4
4
4
4

7343
7343
7343
7343
7343
7343
7343
7343
7344
7344
7344
7344
7344
7344
7344

et et

0.5%000
0.9000
1.0000
1.0000
1,0000
0.9000
1.0000
" 1.0000

e

1,0000
1.0000
1.0000
1.0000
1.0000
1.0000
6.8000
1.0000
TI1.0000
1.0000
1.00060
1.00060
1.0000
0.9000
1.0000
1.0000

1.0000
1.0000
1.0000
1.0000
1.0000
1.¢000
1.0000
1.060600
0.8000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
¢.9000
1.0000
1.0000

Title: progressive AE c¢.dilutus survival may 16-26, 2008
Transform:

File: cdilsur7342

Summary Statistiecs on Data

GRF IDENTIFICATION

1 lab control
2 SL-1 GLC{#7342
.3 S8L-2 GLCH# 7343
4 SL-3 GLCH# 7344
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Title: progressive AR c.dilutus survival may 16-26, 2008

File: cdilsur7342 " Transform: NO ‘TRANSFORMATION
Summary Statistics on Data TABLE 2 of 2
GRP IDENTIFiCATION VARIANCE 8D SEM ¢V, %
1 lab control 0.0021 0.0463 0.0164 4.7478
2 8L~1 GLC#7342 0.0027 0.0518 0.0183 5.3771
3 sL-2 GLC# 7343 0.0050 0.0707 $.0250 7.2524
4 8L.-3 GLC# 7344 0.0013 0.0354 (3.0125 32,5803

Title: Tprogressive AE c¢.dilutus survival may 16-26, 2008

File: cdilsur7342 Trangf£orn: NO TRANSFORMATION
Steel's Many-One Rank Test - Ho: Contr01<Treatmént
: - . MEAN . IN RANK CRIT.- T SIG

GROUP IDENTIFICATION ORIGINAL UNRITS S5UM VALUE DF 0.05

1 lab control 0.975¢0

2 SL-1 GLC#7342 0.9625 64.00 48.00 8.00Q

3 SL-2 GLCH# 7343 0.9750 71.00 48.00 8.00

4 SL-3 GLCH# 7344 0.3875 72.00 48,00 8.00

Critical values ave 1 tailed ( k = 3 }
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Title: progressive ae c. dilutus. growth may 16-26, 2008
File: cdilygrow7342 '

Number of Groups:

GRP IDENTIFICATION.
control
control
control
control
control
control
control
control

5D-1
8L-1
8L-1
ShL-1
SL-1
SL-1
SL-1
8L-1
SL-2
8L-2
"8L-2
8L-2
sL-2
SL-2
SL~2
SLi-2
SL-3
SL-3
5L-3
5L-3
SL-3

B o B s o D W L W LW WL WA NN B R RN M

lab
lab
lab
1ab
lab

GLC#
GLCH#
GLCH#
GLCH#
GLC#
GLCH#
aLc#

GLC#

GLCH
GLCH#
GLC#
GLC#
GLCH
GLCH
GLC#
GLO#
GLCH
GLCH
GLCH
GLCH
GLCH
SLOH
ALCH
GLCH

4

7342
7342
7342

7342

7342
7342
7342
7342

7343

7343
7343
7343
7343
7343
7343
7343
7344

7344

7344
7344
T344
7344
7344

Transform:

Page 22 0f 45

NO TRANSFORMATION

1.3330
1.0200
1.1340
1.1300

1.3440

1.117¢0
1.6630
1.80190
1.7100

©1.5450

1.%930
1.7610
1.5970
1.4830
1.4730
1.3630
1.5330
1.5140
1.2760
1.4640
1.5660
1.6880
1.7620
1.7100
1.6240
1.3270
1.4250
1.8360
1.6260
1.66560

Title: progressive ae c., dilutus growth may 16-26, 2008
File: cdilgrow7342

Transform:

Summary Statistics on Data

lab control
SL-1 GLC# 7342
SL-2 GLCH# 7343
8L-3 GLC# 7344

WO TRANSFORMATION

TABLE 1 of 2
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Title: progressive ae c. dilutus growth may 16-26, 2008

File: cdilgrow?342 Transform! ' NO TRANSFORMATION
Summary Statistics on Data TARBLE 2 of 2
GRP IDENTIFICATION VARIANCE 8D SEM c.V. %
1 lah control 00,0148 0.,1222 0.0432 10.6207
2 S8L~-1 GLCH# 7342 0.0120 0.1094 0.0387 6£.6536
3 8L-2 GLCH# 7343 0.0157 0.1254 0.0443 B.4461
4 SL-3 GLC# 7344 ) 0.0287 . 0.1634 0.058% 10.4453

Title: progressive ae c. dilutus growth may 16-26,. 2008
Flle: cdilgrow?342 Transform: WO TRANSFORMATION -

ANOVA Table

Between 3 ' 1.2456 0.4152 23.2786
Within (Error) 28 0.4994 0.0178
Total 31 11,7450

{p-value = 0.0000)

Critical ¥

¥

24,5681 (alpha = 0.01, df = 3,28)
= 2.94867 (alpha = 0305, af 3,28)

Since F > Critical F REJECT Ho: All eqgual {alpha = 0.05)

Title: progressive aes c¢. dilutus growth may 16-26, 2008

File: cdilgrowi342 Transform: NO TRANSFORMATION
Ppunnett's Test - . TABLE 1 OF 2 Ho:Control<Treatment
i TRANSFORMED MEAN CALCULATED IN . 881G
GROUP IDENTIFICATION MBAN ORIGINAL UNITS T STAT 0.05
1 lak control 1.1508 1.1508
2 S-1 GLCH# 7342 1.6449 1.6449 -7.39%98
3 SL-2 GLCH# 7343 1.4846 1.4846 -5.0000
4 8L-3 GLCH# 7344 1.6220 . L.6220 ~7.0573

Dunnett critical value = 2.1700 (1 Tailed, alpha = 0.05, df lused] = 3,24)
' {Actual df = 3,28)
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Title: progressive ae c. dilutus growth may 16-26, 2008

File: cdilgrow7342 Transform: NC TRANSFOR“ATEON
Dunnett's Test -  TABLE 2 OF 2 Ho:Control<Treatment
‘ UM OF MIN SIG DIFF % OF DIFFERENCE
GROUP IDENTIFICATION REPS {IN ORIG. UNITS) CONTROL ¥ROM CONTROL
1 lak control 8
2 BL-1 GLCH# 7342 g 0.1445 12.6 ~0,4941
3 SL-2 GLCH# 7343 . 8 . D.1449 12.6 -0.3332 .
4 SL~3 GLC# 7344 B 0.1449 12.¢6 -0.4713
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Title: progressive ae c¢. dilutus growth may 16-26, 2008
File: cdilgrow7342 Trangsform: NGO TRAWSFORMATION

Shapiro - Wilk's Test for Normality

D = 0.4994

W= 0.8782

Critical W' = 0.9040 {alpha = 0.01 , N = 32)
W = 0.9300 {alpha = 0.05 , N = 32}

Data PASS normality test (alpha = 0.01). Continue analysis.

Title: progressive ae c¢. dilutug growth may 16-26, 2008
Fila: cdilgrow?342 . Transform: “NO TRANSFORMATION

Hartley's Test Ffor Homogeneity of Variance

Calculated H statistic (max Var/min Vaf),

= 22,3964
Table H statistic = 14.50 {alpha = 0.01)
: 8.44 (alpha = 0.05)
Used d4f = 7
Based on R {# groups) = 4
Data PASS homogeneity test (alpha = 0.01). Continue analysis.
Title: progressive ae c. dilutus growth may 16-26, 2008
rile: cdilgrowi342 Transform: NO “TRANSFORMATION
Bartlett's Test for Homogeneity of Variance
Calculated B1 statistic = 1.4911 {p-value = 0.6B843)

Data PASS Bi homogeneity test at 0,01 level. Continue analysis.

Critical B

i

11.3449 (alpha =
7.8147 (alpha =

;
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Appendix D
Hpyalella azteca

10-Day Statistical Data
o Weight
e Survival
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Title: progressive AE h. azteca survival May 16-26, 2008

File: haztesuxr7342

Wumber of Groups:

4

GRP TRENTIFICATION

la
La
la

b control

b
b

control
control

lal control
b control
L control

1
1
1
1
1 la
1 la
1 la
1 la
2 SL-1
2 SL-1
2 SL-1
2 SL-1
2 SL-1
2 BLi~1
2 SL-1
-2 sL-~-1
3 8sL:2
3 SL-2
3 SLe2
3 s8L,-2
3 SL-2
3 81-2
3 SL-2
3 SL-2
4 SL-3
4 . S5L-3
4 SL~3
4 SL-3
4 SL-3
4 SL-3
4 SL-3
4

io]
b

control
control

GLCHT342
GLCH#7342

GLCH#7342

GLCH#7342
GLCH7342
GLCH#7342
GLCH7342

GLCH#7342

GLO#
GLCH
GLCH
GLCH
GLC#
GLCH

GLCH#-

GLO#
GLOo#
GLCH
GLCH#
GLCH#
GLCH
GLCH#
aucH
GLCH

7343
7343
7343
7343

7343

7343
7343
7343
7344
7344
7344
7344
7344
7344
7344

Transform: ARC SINE (SQUARE ROOT{Y})
VALUE TRANS VALUE
$.8000 1.1071
06.9000 1.2480
6.6000 0.8861
1.0000 1.4120
1. 0000 1.4120
1.0000 1.4120 ’
" 0.8000 1.1071
1.0000 1.4120
<g§.9000 1.2490
§.2000 1.2490
0.8000 1.1071
©0.9000 1.2490
0.8000 1.1071
1..0000 1.4120
0.8000 1.307L
0.900 1.2490
0.9000 1.24%90
0.7G00 0.9912
0.5000 0.7854
0.5%000 0.7854
00,4000 0.6847
0.4000 0.6847
0.5000 0.7854
0. 00,9912
1.0060 1.4120
1.0090 1.4%120
1.0000 1.4120
1.0000 1.4120
1.0000 1.4120
0.8000 1.1071
1.0000 1.4120
1.0000 1.,4120

Title: progressive AE h.
File: haztesur7342

azteca survival May 16-26, 2008

ransform: ARC STINE (SQUARE ROOT{Y))

Summary Statistics on Transformed Data TARLE 1 of 2

GRP

IDENTIFICATION g

lab control 8
SL-1 GLCH7342 8
8L~2 GLCH# 7343 8
8

SL-3 GLCH 7344
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Title: progressive AR h. agteca survival May 16-26, 2008
File: haztesur7342 Transform: ARC SINE{SQUARE ROOT(Y})

Shapiro - Wilk's Test for Normality

0.7011
¥ = 0.2640

o
H

Critical W = 0.9040 (alpha = 0.01 , N = 32)
W = 0.9300 (alpha = 0.05 , W = 32)

Data PASS normality test (alpha = 0.01). Continue analysis.

Title: progressive AE h. aszteca survival May 16-26, 2008
File:. haztesur7342 Transform: ARC SINE (SQUARE ROOT(Y)}

Hartley's Test for Homogeneity of Variance

falcoulated H statistic. (max Var/min Var) = 3.5520

Table H statistic = 14.50 {alpha = 0.01)
' : 8,44 f{alpha = 0.05)
Ugsed df = 7
Based on R {# groups) = 4
Data PASS homogeéneity test {alpha = ¢.01). Continue analysis.
Title: progressive AE h. azteca survival May 16-26, 2008
File: haztesur7342 - Transform: BRC SINE(SQUARE ROOT(Y))
Bartlett's Test for Homogeneity of Variance
Calculated Bl statistic = 4.6545 (p-value = 0.198%)

Data PASS Bl homogeneity test at 0.01 level. Continue analysis.

Critical B

11.3449 (alpha = 0.0%, &f = 3}
7.8147 (alpha = 0.05, df = 3)
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Title: progressive ae h. azteca growth may 16-26, 2008

File: haztgrow7342

Number of Gr

oups :

4

Transform

*

Page3% ofus

HO TRANSFORMATION

1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
2 SL-1
2 SL-1
2 5T.-1
2 8L-1
2 5L-1
2 SL~1
2 8L-1
2 8L-1
1 8L-2

3 8L-2

3 8L-2

3 SL-2

3 'SL-2

3 BL-2

3 BL-2

3 8L-2

4 SL-3
4 8L-3
4 8L-3
4 5L-3
4 SL-3
4 8l-3
4 S5L-3
& SL-3

ab co
ab co
ab co
ab co

ab control .

ab co

ntrol
ntrol
ntrol
ntrol

ntrol

ab control
ab control

GLC#
GLC#
GLCH#
GLCH
GLCH
GLC#
GLCH
GLCH
GLCH#
GLCH#
ALCH
GLC#
GLCH
GLCH
aLci
GLCH
GLCH#
GLCH#
GLC#
GLCi
GLCH
GLCH#
GLCH

GLCH-

7342
7342
7342
7342
7342
7342
7342
7342

73430

73430

73430

73430

73430

73430

73430

73430

7344

7344

7344

7344

7344

7344

7344

7344

0.1240
0.0720
6.1160
0.1720
0,0500
¢.1220 .
0.0900
0.1110
0.0790
0.0860
0.0700
0.0760
0.0990
0.0860
0.0730

.

.0860

w3
-
[ny
I~
41

! progressive ae h.
File: haztgrowi342

Transform

. Bummary Statistics on Data

GRP

IDENTIFICATION N
lab control 8
SL-1 GLCH 7342 8
SL-2 GLC# 73430 ]
SL-3 GLCH 7344 B

azteca growth may 16-26, 2008

.
H



Title: progressive ae h. aszteca growth may 16-26, 2008
File: haztgrow?7342 Transform: WO TRANSFORMATION
Summary Statistics on Data TABLE 2 of 2
GRP IDENTIFICATION VARIANCE SD SEM cC.V. %
1 lab control 0.0006 0.0243 0.0086 26.4264
2 5L-1 GLCH 7342 0.0001 0.0110 0.0032 12.5437
.3 BL-2 GLC#_73430 0.0009 0.0306 0.0108 27.5657
4 SL-3 GLCH# 7344 g.0002 0.0133 0.0047 15.5§82
Title progressive ae h., azteca growth may 16-26, 2008
File haztgrow7342 Transform: NO TRANSFORMATION
ANOVA Table
SOURCE DF 85 MS F
Between 3 0.0035 0.0012 2.5863
within (Error) 28 0.0128 0.0005
Total 3% 0.0163
{p-value = 0.0730)
critical F = 4.5681 (alpha = 0.01, 4f = 3,28)
= 2,9467 (alpha = 0.05, df = 3,28)
Since ¥ < Critical F FAIL TO REJECT Ho: All equal {alpha = ¢.05)

Title: progressive ae h. azteca growth wmay 16-26, 2008

File: haztgrow?34z

Dunnett's Test TABLE 1l OF 2

Transform:

HNO TRANSFORMATION

Ho:Control<Treatment

MEAN
CRT

CALCULATED IN

TRANSFORMED
GROUP IDENTIFICATIQN MEAN
1 lab control 0,03821
2 SL-1 GLCH# 7342 0.0846
3 SL-2 GLC# 73430 0.1109
4 8L-3 GLCH# 7344 0.0858
Dunnett critical value = 2.1700 (1 Tailed,

GINAL UNITS T STAT ¢.05
0.0921
0.0846 0.7022
0.1109 -1.7556
0.0858 6.5969
= 0.05, 4f [usedl = 3,24)
{Actual 4f = 3,28}
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Title: progressive ae h. azteca growth may 16-26, 2008

File: haztgrowT342 Transform: NO ‘TRANSFORMATION
Dunnett's Test - TABLE 2 OF 2 Ho:Control<Treatment

. NUM OF MIN S8IG DIFF % OF VDIFFERENCE

GROUR IDENTIFICATION REPS (IN ORXG. UNITS) CONTROL FROM CONTROL

- iab control 8
2 SL-1 GLCH 7342 8 0.0232 25.2 0.0075
3 8
4 8

8L-2 GLCE 73430
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Title: progressive ae h. azteca growth wmay 16-26, 2008 )
File: haztgrow7342 Trangform: NO TRANSFORMATION

Shapiro - Wilk's Test for Normality

|»
i

00,0128
W = 0.9679

;
W
28]
—~—

Critical W = 0.9040 (alpha = 0.01 , N =
W = 0.9300 (alpha = 0.

{
(=]
<
w
=
L
)

=

pData PASS normality test (alpha = ¢.01}. Continue analysis.

Title: progressive ae h. azteca growth may 16-26, 2008
File: haztgrow7342 Transforwm: C . NO TRANSFORMATION

Hartley's Test for Homogeneity of Variance

Calculated H statistic {(max Var/min Var) = 7.7855

Table H statistic = = 14.50 (alpha = 0.01)
"g.44 (alpha = 0.06)}
Used d4f = 7
Based on R (# groups} = 4
pata PASS homogeneity test {(alpha = 0.01). Continue analysis.
Title: progressive ae h. azteca growth may 16-26, 2008
File: ' haztgrow7342 Transform: NGO TRANSFORMATION
Bartlett's Test for Homogeneity of Variance
Calculated Bl statistic = 8.5728 (p-value = 0.0355)

Data PASS Bl homogeneity test at 0.01 level. Continue analysis.

Critical B = 11.3449 ({alpha ='0.01, 4df
7.8147 {alpha = ¢.05, df =

nn
W W
et



Appendix E
Electronic Temperature Logger Data
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- Appendix F
Reference Toxicant Data
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