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6. CRAYFISH ANALYSES



6.1 Crayfish Statistics
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6.4 Inorganics
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6.5

Percent Moisture and Lipids
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7.3 PCBs/Pesticides
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7.4 Inorganics
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7.5 Percent Moisture
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INTRODUCTION

Sediment toxicity testing was conducted with the two freshwater invertebrates: the
amphipod, Hyalella azteca and midge, Chironomus tentans to evaluate the potential
impact from exposure of sediment related contaminants to the benthic community in
the Aberjona River. Sediments were collected from seven sampling locations which
included five locations from potentially contaminated areas (& 07, )-16, SED-
12, SED-18 and SED-19) and two reference locations SEL SED-24). Since
sediments were collected from either riverine or wetland systems, one reference
saediment was collected from a riverine system (SED-23) and another reference
sediment was collected from a wetland system (SED-24) for purposes of biological
and statistical comparison. In addition, a field duplicate sediment sample was
collected at SED-19 (SED-19-02) for quality assurance and an artificial sediment was
formulated and tested as the laboratory control. Young H. azteca and C. tentans
were exposed to sediment samples for ten days and at the conclusion of the test,
organisms were recovered from each test chamber and survival and growth were
recorded as endpoints. Impacts on growth of surviving org anisms were assessed by
drying recovered individuals from each replicate at 75° F to a constant weight.
Samples were brought to room temperature in a desiccator and weighed to the
nearest 0.01 mg to obtain mean weight per replicate. Statistical comparisons were
performed between survival and growth endpoints from the site locations and two site
reference locations and laboratory control.

MAT

MALS AND METHODS

References

. The procedures used followed those outlined in the EPA document,
Methods for Measuring the Toxicity and Bioaccurnulation of Sediment-
associated Contaminants with Freshwater Invertebrates, (June 1994,

. EPA Region | ESD Biology Section SOP #13.1.2, Sediment Toxicity
Testing Procedures for the Preparation of Sediments.

Overlying Water
The overlying water consisted of 25% Perrier/75% 80 mg/L. CaCO, culture water (150

mg/l. CaCQ,) for H. azteca and aerated tap water for C. tentans. The sediment and
water were allowed to settle overnight before inoculation of test organisms.

-

Test Chemistry

Initial and final overlying water quality measurements included pH, specific



conductance, temperature, and dissolved oxygen (DO). DO, pH and temperature
were monitored every 24 hours.

Test Food
C. tentans:

* Tetramin shake; 1.0 ml (12 g Tetramin/300 ml deionized
water) daily to u..m:h test beaker.

H. azteca:

* Tetramin shake; 0.2 ml (20 g Tetramin/L. deionized water)
daily to each test beaker.

Equipment and Test Chambers

*#10, #45, #50 and #60 sieves

* plastic scoops

* 250 ml beakers (H. azteca test chambers)
"1 liter beakers (C. tentans test chambers)
* 1 ml plastic disposable pipets

* Parafilm

* Tygon tubing

* Nalgene trays

Statistical Analyses

The purpose of the sediment toxicity tests was to determine whether a biological
response (survival or growth) from a site related sediment sample was significantly
different than the site reference or laboratory control sediment. This difference is
identified through statistical analysis. Prior to conducting the statistical analysis, a
null hypothesis was developed as no difference in biological responses between the
site related sediment samples and site reference and laboratory control sediments.
The alternative hypothesis was that site related sediments contain contaminants in
concentrations affecting survival and growth in comparison to the site reference or
laboratory control sediments.

F <:»Illrwvunc; the decision tree (Figure 14.7) in EPA/G00/R-84/024, growth and survival
1:-"1te==d for normality and homogeneity of variance prior to conducting

ng. Appendix A provides the statistics performed on this data and
illustrate the final statistical results obtained through hypothesis testing.




PROCEDURES
Introduction

Less than seven day old H. azteca and 2nd instar C. tentans were exposed to
sediment samples from five (plus a duplicate) on-site sampling stations, two site
related reference stations and a formulated sediment laboratory control (Appendix A).
On the 10th day of the test, organisms were recovered from each test chamber and
tallied as alive or dead. Live organisms were dried at 75° F overnight and weighed to
the nearest 0.01 to obtain mean weight per replicate. Comparison of survival and
growth data were performed between the following stations as illustrated in Table 1, 2
and 3: 1) C. tentans survival and growth in the artificial sediment in comparison to the
five on-site stations, in addition to a field duplicate for station 19 and the wetland
reference station; 2) The riverine reference station (SED-23) was evaluated against
all other riverine stations (7, 12 and 16) for C. tentans growth and survival,
lUmkmtunmm;h¢lmmniah,hcdﬂ((wnpanswuu,muLmjlmammmmmﬂeh&dl&m1&mzmmﬂkmmﬂrfﬁemance
station (SED-24) against the other wetland stations (18, 19.01 and 19.02) due to low
survival (36%). 3) H. azteca survival was analyzed for the wetland reference station
(SED-24) and compared against the other wetland stations (18, 19.01 and 19.02); 4)
H. azteca growth from wetland reference location SED-24 was compared to other
wetland stations (19.01 and 19.02). Unfortunately no statistical comparisons could be
completed for C. tentans in the wetland reference station (SED-24) against the other
wetland stations (18, 19.01 and 19.02) due to low survival (36%). In addition,
statistical analysis for H. azteca could not be performed using the riverine reference
stations since survival was very low (0.8%). The laboratory control (artificial
sediment) was not suitable to make comparisons against all other stations since H.
azfeca survival was very low (16.6%).

Table 1: C. tentans Survival and Growth Comparisons
STATION VERSUS THE FOLLOWING LOCATIONS
SED-23 7,12, 16, 18, 19.01, 19.02, 24

| ART SED 7,12, 16, 18, 19.01, 19.02, 24

Table 2: 1!:[:i’"aumnuun“%urwwal'l,omwmmmmns;

STATION VERSUS THE FOLLOWING

LOCATIONS




SED-24 18, 19.01, 19.02

~ --;

Table 3: H, axteca Growth Comparisons

TION VERSUS THE FOLLOWING
LOCATIONS

SED-24 19.01, 19.02

Laboratory on Augus .l ?‘)Hl and 30th, 1 '[1“"5)‘ L,IE ID i, .:E D- 1”' !E llb, ..:.[.:.[J-- 1 «8., SED-
19.01 and SED-19.02 (field duplicate), SED-23 and SED-24. Sediments were

received up to 7 days prior to the initiation of the test and stored at 4° C until the time

of testing on September 8, 1995.
Organism Origin

EPA-New England's Biology Laboratory provided the C. tentans and H. aztec:
) J Y ory
organisms for the sediment tests. The C. tentans were 7 to 10 days old ‘amd H.

azteca were 2nd and 3rd instar or 2-3 nn![hnw ters in length.

Initial Test Set-Up

On September 6 & 7, 1995, the sediments were homogenized then screened with
# 10 Iy ler sieves. Sediments, followed by overlying water, were added to the clean

test chambers in the following quantities. For H. azteca 50 ml of sediment was
added to each 250 ml beaker with approximately 200 ml of overlying water per
replicate. For C. tentans, 200 ml of sediment was added to each 1 liter beaker
followed by 800 mi of overlying water. Eight laboratory replicates per test species
were run for each sediment sample location. All test chambers were aerated during
the test period. Prior to introduction of H. azteca and C. tentans, and following the
addition of overlying water, the sediments were allowed to settle overnight. On
September 8th, ten C. tentans and fifteen H. azteca were introduced 1o each test
chambers. The test was performed in a walk-in environmental chamber located at
EPA New England’s Biology Laboratory. All test chambers were maintained at 25
degrees Celgius +/- 1 degree and 16:8 hour light/dark cycle.

Feeding

C. tentans was fed 1.0 ml 12 g Tetramin/300 ml suspension per day. H. azteca was



fed 0.2 ml of 20 g Tetramin/L. suspension daily.
Test Chemistry

Initial chemistry was performed on the overlying water and monitored every 24 hours.
All chemistry results were recorded in wet chemistry laboratory log book and are
included as Appendix B. Initial chemistry included the following: pH, specific
conductance, hardness, temperature and dissolved oxygen (DQ). Daily monitored
chemistry included pH, DO and temperature. The environmental chamber
temperature was monitored daily.

RESULTS

The survival rate for C. tentans in the artificial sediment (ART SED) was 70% which

srformance criteria for an acceptable test (Table 4).

Ny

indicates the test meets the |p~s
Survival ranged from 36% in SED-24 (wetland reference) to 86.2% in SED-12. In the
riverine reference, SED-23, 1Iu=‘ survival rate was 81.2%. For C. tentans survival
data, there was no s;itasl1tls1tu.,c1Ily significant difference between the ART SED and any
other station location (Appendix C). The riverine reference location, SED-23, was
also used in comparison against the other riverine locations, with no significant
difference identified. All sediment locations had similar or grr= ater than 70 % survival
except for SED-16 and SED-24 (Table 4). :

For growth results for C. tentans, when ART SED is compared to all other samples,

. the statistical results indicated that all of the locations, except SED-24, were

stically significantly lower in weight. However, SED-24 had

measurement with only 36% survival. When si ference & 23 is compared to
the other riverine samples, SED-7, 12, 16; station location SED-16 was found to differ
significantly from the control with respect to a decrease in weight. Noting that SEI
16 contained considerable amount of coarse sediment (0.14% Total Combustible
Organics), the significance may be due to physical characteristics of the sediment
rather than from contaminants. When comparing the wetland reference sediment
SED-24 to wetland locations SED-18 and 19, growth was seen to be better in the site
related location.

a greater weight

o

51"

The survival rate for H. azteca in the ART SED control was 16.6% (Table 5) which
would render this test unacceptable under current sediment test guidelines. The
recommended survival rate for H. azteca is 80%. The reason for the low survival rate
in the laboratory control is unexplainable at this time. In order to obtain some
useable inf 01r|rr1.a|linn from these test results, the survival rate in the two site reference
locations (we éflands and riverine) were scrutinized to estimate whether or not they
could substitute for site specific comparisons. The wetland and riverine reference
locations, SED-24 & SED-23, had recovery rates of 78.1% and 0.8%, respectively.
Even though survival was extremely low in SED-23, this sample had the highest




average weight (Table §). Due to the poor recoveries in ART SED and SED-23, an
attempt was made to use SED-24 for comparison. A comparison was made to the
other wetland locations: SED-18, SED-19-01, and SED-19-02. Location SED
determined to differ significantly from SED-24 with a survival rate of only 10.8%, and
a 60% decrease in growth. Location SED-23 was excluded from any statistical
analyses due to the extremely low survival.

As part of the quality control for this test, the station location, SED-19.01, had a
duplicate sample collected SED-19.02. There was a 14% relative percent difference
(RPD) between each other for the C. tentans in the survival category. For growth
there was an 18% RPD. For H. azteca, there is a 10% RPD difference from the
mean when survival and growth are considered.

-18 was



Table 4:

C. tentans Sediment Toxicity Test Results

WELLS G&H, WOBURN, MA,
Chironomus tentans

SEDIMENT TOXICITY TEST RESUL?

s

o

Station location

Survival %

Avg. weight (mg)

ART SED"

70

0.0033

SED-7¢

82.5

0.0014*

SED-12¢

£6.2

0.0012"

SED-16¢

| 68.6

0.0008"

SED-18° 70 | 0.0013+
| SED-19-01° 70 | 0.0010°
| SED-19-02° 81.1 0.0009"

SED-23° 81.2 0.0017*

SED-24°

36

0.0021

¥de
v e

&

signates laboratory control i.e. artificial sediment
ignates riverine reference

¢ designates wetland refe e
* designates riverine locations
* designates wetland locations

Table §:

H. arteca Sediment Toxicity Results

WELLS G&H, WOBURN, MA
Hyalella azteca

SEDIMENT TOXICITY RESULTS

Station location

Survival %

Avg. weight (mg)

ART SED? 16.6 0.00007
SED-7° 50 0.00009
SED-12° 74.2 0.00011
SED-16" 93.3 0.00014
SED-18° 10.8* 0.00004*
SED-19-01° | 56.6 0.00011
SED-19-02° 62.5 0.00010

SED-23"

0.8

0.00030

SED-24°¢

78.1

0.00010

* designates laforatory coniral i.e. artificial sediment
* designates riverine reference

¢ designates wetland reference

ignates riverine locations

esignates wetland locations

" designates statistical significance (@=0.05)




Unvalidated sediment chemistry data was compared to sediment benchmarks
developed by NOAA (Long et al., 1995) and Ontario Ministry of the Environment
(OMOE) (Persaud et al., 1992) to evaluate the toxicity test results against
contaminant concentrations and determine whether a causal relationship between
chemistry and toxicity could be supported.

Through NOAA’s National Status and Trends Program Long and Morgan (1990)
developed Effects Range Low (ER-L) and Effects Range Median (ER-M) values.

These biological effects were obtained from modeling studies, field and laboratory
tests with more emphasis placed on marine and estuarine systems. For each

sal effects. ER-L
iated with observation

chemical, data was gathered to correspond with adverse biolog
values represent the lower 10th percentile concentration assoc

associated with the observation of biological effects. Chemical concentrations below
ER-L values should have a low probability of being associated with adverse biological
effects.

OMOE Sediment Quality Guidelines were originally developed to determine whether
dredged material was appropriate for open water disposal. The two levels used for
comparison are the Lowest Effect Level (LEL) and Severe Effect Level (SEL). The
LEL "indicates a level of contamination which has no effect on the majority of the
sediment-dwelling organisms and the sediment is considered clean to marginally
polluted.” Contaminant concentrations that exceed LEL values may require further
tesling and the development of a management plan. In contrast, SEL concentrations
are "considered heavily polluted and likely to affect the health of sediment-dwelling
organisms. If the level of contamination exceeds the SEL then testing is required to
determine whether or not the sediment is acutely toxic.” Since sediments collected
from the Aberjona River are freshwater more emphasis was placed on the
comparison to OMOE LEL and SEL guidelines. However, NOAA guidelines are listed
for comparison.

20

Table 6 list the inorganics that exceed OMOE guidelines for the various sampling
locations. The site that had the most inorganic exceedances was SED-19. All
inorganics except for nickel exceeded OMOE SEL levels in § 19-01 and SED-
02 (field duplicate). For example, the concentration of arsenic in SED-19-02 (5510
mg/kg) exceeds the SEL by 166 times and copper by 13 times (1490 mg/kg) (Table
B). Zinc in SED-19 sediments is a factor of three times greater than the SEL. In
contrast the sampling locations with the least number of inorganic exceedances was
SED-23, the riverine reference location, in which chromium at 29.1 mg/kg slightly
exceeded the"OMOE LEL value and SED-24 of 26 mg/kg. At SED-24, the wetland
reference location, there were LEL exceed: zad (Table 6).
Arsenic; chromium, copper, lead and zinc were identified in SED-07 as exceeding the

o

10



OMOE SEL values.

Table 7 lists those organic compounds (polycyclic aromatic hydrocarbons and

pesticides) that exceed either the OMOE LEL or SEL concentrations. SED-7 had the
most exceedances (10) of OMOE LEL values for polycyclic aromatic hydrocarbons
(PAHs) and SED-24 had 7 compounds with concentrations that were greater than the
OMOE LEL (Table 7). SED-18 did not possess any organic constituents that
exceeded OMOE guidelines since no organic compounds that were detected in SED-
18 sediment sample. After adjusting the OMOE SEL (Table 7) to the site specific
TCOs there were no sediment locations that exceeded the SEL. values (Table 8).

1l
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PISCUSSION

Station location SED-24 (wetland reference) had low survival for C. tentans (36%)
which could be a result of very low TCQ at 0.28% and seven exceedances of PAHs
and pesticides in comparison to OMOE LEL values (Table 7). Recognizing the role
of organic carbon in predicling bioavailability OMOE SEL benchmarks were adjusted
with site specific TCO values and SED-24 in addition to all the other sediment sample
locations did not have PAHs or pesticides that exceeded the OMOE SEL
concentration H.llbl@e 8). Based on ten day water only tests conducted on the three
freshwater species, H. azteca, C. tenfans and Lumbriculus variegatus (oligochaete),
the midge C. tentans was generally more sensitive or had similar sensitivity than the
amphipod H. azteca with exposure to peslicides (Phipps et al. 1995). SED-16 also
had a lower survival rate of 68.6% and this sediment also had a low TCO level of
0.14% with OMOE: LEL exceedances h.:»\r both inorganics and organics.

Station locations SED-18 and SED-23 had very low H. azteca survival rates of 10.8%
& 0.8% respectively. In SED-18 there were OMOE SEL exceedances of both arsenic
and copper, concentrations approximately twice the SEL concentration and survival
was statistically significantly different when compared to the site specific wetland
control location, SED-24. However, there were no PAHs or pesticides in this
sediment that exceeded OMOE LEL or SEL levels. H. azteca survival was lower in
SED-7 at 50% and this sediment had elevated levels of the inorganics, arsenic,
chromium, copper, lead and zinc that exceeded OMOE SEL concentrations. Kemble
et al. (1994) determined that H. azteca was the most sensitive species with respect to
metal uunit‘mn inated sediments from Great Lakes when compared against the three
species C. riparius, Oncorhynchus mykiss (rainbow trout) and Daphnia magna. This
sensitivity may also account for the survival differences observed for the two species
exposed to SED-19. In general, H. azteca had lower survival that C. tentans in SED-
19. Neither species has been reported in the literature to be more sensitive than the
other for all chemicals. This supports the rationale in the use of both species in
sediment toxicity testing.

Exposure to site related contaminants from sédiments collected from location SED-18
indicates the potential for adverse biological impacts to benthic invertebrate survival
and growth when compared to the wetland reference site (SD-24). The low recovery
rates for SED-23 could be due to the proximity of the sampling location to Lubbers
Brook and Concord Street. 1t is possible that surface runoff may adversely affect this
test organism. In addition, since SED-23 is a riverine reference location upgradient of
the site, and is not likely to be impacted by site related contamination, further

investigation !\bi:l.::l‘iéd on test results is not warranted.
-

The limitation in comparing sediment contaminant concentrations to biological effects
benchmarks only utilizes a chemical by chemical evaluation of the potential for
toxicity but the sediment toxicity testing results allow for an assessment of the

15



additive exposure to a mixture of contaminants. It is recognized that other abiotic
factors (i.e. grain size) may influence toxicity but exposing burrowing invertebrates to
contaminated sediments is considered a worst case scenario with respect to routes of
exposure.
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APPENDIX A

FORMULATED REFERENCE SEDIMENT RECIPE

=



ARTIFICIAL SEDIMENT

Sand 77%: "Mystic White" medium to fine grain
Silt'Clay 17%: ASP 400 (31.5% silt and 68.5% clay)

Organic Matter 5%: peat (47% C, 4 mg/g N, 0.4 ug/g P)
cow manure (30% C, 11 mg/g N, 8.2 ug/g P)

Buffer (CaCO3) 1%

The artificial sediment recipe listed above is the one selected for further testing. The
sand LOIH|J'UH|E=‘II1‘ 77%, consists of both a fine grain portion, (0.25-0.05 mm) and a
medium grain portion (0.5-0.25 mm). A source of this material, known as "Mystic White”,
is New England Silica, Inc. South Windsor, CT. The second component, silt/clay at 17%,
can be purchased under the name of A\ 5P 400 from the Engelhard Corp. Edison, NJ.
A third component is the buffer, CaCO3. This should be added at a rate of 1% and can
be purchased from any rcse|p>l_|1tzstb le c,huf:.rnh::::al supply house.

The last, and maost critical, organic matter component of this mixture, should make up
5% of the artificial sediment. The following source list associated with this component
has been developed because they have been shown to have the ability to produce large
quantities of consistent quality. However, a more local source of these materials could
be developed by investigating analysis results and QA/QC protocols associated with the
product. Peat can reliably be purchased from D.L. Browning Co. Mathers, Wl or
Mellingers, North Lima, OH. Humus can be purchased from Sims Bark Co., Inc.
Tuscumbia, AL. Composted cow manure can be acquired from A. I—l Hoffman, Inc.
Landisville, PA. Potling soil is another source of organic matter but care should be taken
to select a reliable source. If the application were strictly to be<used "in house" at ESD
the use of potting soil may be acceptable if reliability could be maintained.

m

All components should be mixed on a dry weight basis. Reagents where applicable i.e.
CaCO3, should be reage ent grade or better. The s;and should be sieved to the above
mentioned particle size and mixed at a ratio of 2:1, fine:medium. The organic matter
should be dried, milled and passed through a 0.84 mm sieve.

Compatibility between the mixture and the use of test organisms Hyalella azteca and
Chironomus tentans, particularly relating to grain size and organic carbon content, was
checked and*s not anticipated to be a problem.



APPENDIX B
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SEPT. 795 SEDIMENT TOXICITY TEST RESULT

WELLS G&H, WOBURN, MA
> musg tentans

ber 8, 1995

S

Station PpH Do | Cond

location

Temp

NH, (ppm)

ART SED 8.1 7.4 345

25,9

T.4

SED-7 6.9 7.4 127

25.9

. .
6.6

SED-12 7.3 7.1 120

25.7

7.0

SED~16 7.1 7.2 100

25.8

4.6

SED-18 6.9 7.6 140

7.2

SED-19-01 6.6 6.6 108

(6.6

SED-19-02 7.1 7.1 ‘105

8.4

| SED-23 6.8 [ 7.3 79

5.8

SEPT. '95 SEDIM

September 8, 1995

T TOXICITY TEST RESULTS
WELLS G&H, WOBURN, MA
Hyallela azteca

Station pH DO Cond

location

| Temp

ART SED 8.4 7.3 256

25.6

SED-7 7.7 7.1 317

25,4

SED-12 8.3 1 7.0 327

25

.2

SED-16 8.1 7.0 302

25.3

SED-18 | 8.2 T.6 308

24.6

SED-19-01 6.6 7.3 334

25.4

SED-19~02 8.0 7.2 295

24.7

SED-23 7.2 6.3 216

SED-24 8.1 7.1 331

| 25.3




SEPT.

95

SEDIMENT TOXICITY TEST RESULTS
WELLS G&H, WOBURN, MA

] tans
1995

Station
location

pH . Do Temp

ART SED

7.1 5.5 25.6

SED--7

7.1 5.5 25.9

SED=-12

25.2

4.6

SED-16

25.7

4.8

SED-18

7.3 5.5 25.1

SED=-19-01

5.5 25.8

SED-19-02

5.1 25.5

SED-23

4.8 25.7

SED-24

5.0 25.8

SERT,

rog

SEDIMENT TOXICITY TEST RESULTS
WELLS G&H, WOBURN, MA

Hvallela azteca

September 9, 1995

Station
location

PH DO Temp

ART

SED

vl I

8.2 5.7 24.6

6.1 25,1

SED-12

SED~-16

8.2 5.8

Il sED-18 1 8.0 5.9 25,2
SED-19-01 7.5 5.7 25,1
SED-19-02 7.5 6.3 25,2

SED-23

g.1 5.9

SED~24




SEPT.

195 SEDIMENT TOXICITY TEST RESULTS

WELLS G&H, WOBURN, MA
Chironomus tentans
September 10, 1995

Sta

loc

tion
ation

PpH Do

Temp

ART

SED

P
25.3

SED-

7

25.3

SED-

12

25.5

SED

=-16

7.0 6.0

24.8

SED-~

18

6.9 5.9

25.4

SED

=19-01

6.8 5.8

25.3

SED-

19-02

25.5

SED-

23

25.4

 SED

~24

25.4

SEPT.

‘95 SEDIMENT TOXICITY TEST RESULTS

WELLS G&H, WOBURN, MA
Hyallela azteca
September 10, 1995

Sta
loc

tion
ation

pH DO

Temp

ART

SED

22.1

SED-

7

24.5

SED-

12

24.5

S5ED~

16

25.4

SED

-18

25.0

SED

~19-01

24.7

SED-

19-02

24.8

SED-

23

24.9

SED~24

24.9




SEPT. ’95

SEDIMENT TOXICITY TEST RESULTS
WELLS G&H, WOBURN, MA
Chironeomus tentans
September 11, 1995

Station

pH DO Temp

location

ART SED 8.4 5.1 24,7
SED~-7 7.7 5.8 25,0
SED-12 7.3 4.2 25,0
SED-16 7.6 5.5 24.9
SED-18 7.3 5.1 24.9
| SED-19-01 6.9 5.1 24.6
SED-19-02 6.9 5.8 24.6

SED-23

7.4 5.0 24.7

SED-24

7.6 4.6 24.7

SEPT. 95

SEDIMENT TOXICITY TEST RESULTS
WELLS G&H, WOBURN, MA
Hydlleld aztvca
September 11, 1995

‘ tion
locaticn

PH DO Temp

ART SED

SED-7

SED-12

SED-16

SED-18

SED=-19-01 7.4 5.6 23.3
S5ED=-18-02 7.4 5.5 I 23.7
SED=~23 7.7 5.8 23.6
SED-24 8.0 5.5 23.4




SEPT.

95

SEDIMENT TOXICITY TEST RESULTS

WELL!

5 G&H, WOBURN, Ma

Chironomus tentans

September 12,

1995

Station
location

pH

DO

Temp

ART SED

8.2

4.4

25.1

SED-7

7.9

4.8

25.1

SED-12

25.3

SED-16

25.4

SED-18 7.5 5.9 25.2
SED-19-01 7.1 5.7 25.1
SED~19-02 7.3 4.9 25.0
SED-23 7.5 5.4 25.1

SED-24

25.0

SEPT.

795 |

WELLS G&H,

DIMENT TOXICITY TEST

WOBURN, Ma
Hyallela azteca

September 12,

1995

RESULTS

Station
location

PpH

Do

: Temp

ART SED

23.9

SED-7

24.7

S5ED-12 7.8 6.3 24.4
SED-16 8.0 6.0 24.0
SED-18 8.1 5.2 24.4

SED-19-01

24.0

SED-19-02

| 24.0

SED-23

24.1

SED-24

24.2




SEPT. ‘95 SEDIMENT TOXICITY TEST RESULTS
— WELLS G&H, WOBURN, MA
Chironomus tentans

September 13, 199%

Station - pH Do - Temp
location

| ART SED ' B.3 5.6 25,4

SED-7 7.4 4.6 25.1
SED-12 7.5 : 5.6 25.2
SED-16 7.3 5.4 25.4
SED-18 7.5 5.6 25.1
S5ED-19-01 7.2 5.7 25.1

SED-19-02 T.3 5.5 25.2

SED-23 7.5 5.7 25.4

SED-24 Te5 5.9 25.1

SEPT. 795 SEDIMENT TOXICITY TEST RESULTS
WELLS G&H, WOBURN, MA
Hyallela azteca
S September 13, 1995

Station pH DO Temnp
location

ART SED 8.6 5.8 24.8

SED=-7 8.0 6.0 24.4

SED-12 7.8 6.4 24 .4

SED-16 8.2 5.4 24.7

SED-18 7.9 1 4.4 i 24.7

SED-19-01 7.8 . 5.8

SED-19~-02 7.5 5.1

I
SED-23 7.9 5.3 '

S5ED-24 ) 8.6 6.0




SEPT.

195 §

Chironomus tentans

September 14,

199%

SEDIMENT TOXICITY TEST RESULTS
WELLS G&H, WOBURN, Ma

[
.

Station
location

pH DO

Temp

ART SED

SED-7

[ 25.1

SED-12

25.2

SED-16

25.4

SED-18

25.1

SED-19-01

25.1

SED-19-02

25.2

SED-23

25.4

SED-24

7.8 5.5

25.1

------ denotes chemistry measurements unavailable

SEPT.

‘95 SEDIMENT TOXICITY TEST
WELLS G&H, WOBURN, MA
Hvallela azteca

September 14,

1995

RESULTS

Station

location

pH

Do

Temp

ART SED

| 25.0

SED=-7

“Er
25,0

SED-12

25.0

SED~16

o
25.0

SED-18 7.8 5.5 24 .9
SED-19-01 T.3 6.0 25.0

SED~-19-02 7.8 5.6 25.0
SED-23 7.4 4.2 jIZZ‘!Ei.O
| SED-24 7.9 5.2 24.6




SEPT.

95

SEDIMENT TOXICITY TEST RESULTS
WELLS G&H, WOBURN, MA

Chirono

15 tentans

Station
location

pH

DO

‘Temp

ART SED

8.5

4.5

25,0

SED-7 7.7 5.3 25,0
SED-12 (7.5 5.7 | 25.0
SED-16 7.6 5.8 MI 25.0

SED-18

5.8

‘ 25.0

SED-19-01 7.3 5.5 25.0
SED-19-02 7.6 5.6 25.0
SED-23 7.7 5.4 25.0
SED-24 77 ‘SQH 25.0

SEPT.

WELLS G&H,

'95 SEDIMENT TOXICITY TEST
WOBURN, MA

Hyallela azteca

e

September 15,

1995

EESULTS

PH Do

Temp

ART SED

8.7 5.8

25,1

4.7

oo
-

25.5

SED=-12

7.9 5.4

5.6

SED~-16

8.3 5.8

25.1

S5ED-18

7.9 5.1

23.7

SED-19-01

7.3 5.0

SED-19-02

T.7 5.3

SED-23

5.9
po

SED-24

5.6




SEPT.

a5

SEDIMENT TOXICLITY TEST

LLS G&H, WOBURN, MA

September 16, 1995

RESULTS

Station
location

eH

Do

ART SED

8.3

5.3

”"Temp
1
|

25.95

SED-7 6.2 1.8% 25.4
SED=-12 6.4 5.8 25.4
| SED-16 6.9 5.7 25.4
| SED-18 7.3 15‘1 24.8
SED~19-01 7.5 6.1 25.2
SED=-19-02 7.1 5.7 ;2502
SED-23 7.4 5.5 |25“4
SED-24 7.7 5.8 | 25.0

& denotes replicate with no aeration at time of wet

chemistry

SEPT.

195

SEDIMENT TOXICITY TEST

S
WELLS G&H,

WOBURN, MA

Hyallela azteca

September

16, 1995

RESULTS

Station
location

PH

DO

Temp

ART SED

8.6

6.1

25.2

SED-7

6.1

24.6

SED-12

5.8

24.7

6.1

SED-16 7.8 25.3
SED-18 7.5 6.1 24.6
S5ED~-19-01 7.8 6.0 24.7

SED-

19~

6.1

24.6

SED-

23

6.1

23.7

SED--

24

6.5

24.2




SEPT.

'35

@]
§

IMENT TOX
WELLS

ICITY TEST
G&H, WOBURN, MA

September 17,

1995

RESULTS

Station
location

PH F DO

Tenp

ART SED

SED-7

SED-12

7.4 5,

4

SED-16

7.2 4.

6

25.0

SED-18

5.6

25.0

SED-19-01

25.0

SED-19-02

25.0

SED~23

~25.0

SED-24

25.0

SEPT.

I Q l3

SEDIMENT TOX
WOBURN, Ma

WELLS G&H,
Hyallella

ICITY TEST

azteca

7, 199%

RESULTS

Station
location

- pH

September 1

DO

Temp

ART

SED
LD

8.6

24.9

SED-7

24.9

SED-12

| 24.9

SED-16 8.2 5.4 25.1
SED-18 8.0 5.3 25.3
SED-19-01 7.9 5.6 24.9

SED-19-02

25,2

SED-23

25.1

SED-24

25.0




SEPT.

'95 SEDIMENT TOXICITY TE
| WOBURN, MA

LLS G&

H,

tentans

» 18, 1998

51

LS

Station
location

Temp

NH,4 (ppm)

ART SED

SED=7

6.8

7.1

26.0

4.8

SED-12

6.7

6.8

26.0

5.5

S5ED-16

6.3

26.0

3.4

5ED-18

1 8.7

26.0

8.1

S5ED-19-01

€.4

26.0

11.22

SED-19-02

€.8

26.0

PR
.L 1:! .o

SED=-23

€.3

| 26.0

6.8

SED-24

6.8

| 26.0

‘4 . 4:

-------- denotes chemistry measurements unavailable

SEPT.

195 SEDIMENT TOXICITY TEST RESULTS

WELLS

WOBURN, MA

5 tentans

18, 1995

Station
location

pH

Temp

NH, (ppm)

ART SED

7.8

26.0

SED-7

6.6

26.0

SED-12

€.4

26.0

SED-16 7.1 7.5 26.0 2.2
SED-18 6.6 7.5 26.0 2.1

SED~19-01

6.7

26,0

SED-19-02

6.7

26.0

SED-23

26,0

SED-24

26.0




APPENDIX G

STATISTICAL ANALYSES

......



1

\ ) l"

______

W.l-.]L.L..:l G&H, CT SURVIVAL, SEDIMENT TOX TEST
e: WLCTSRV.S523 Transform: NO TRANSE ORMATION

----- r :‘.‘ p ) Wt ’ - 1 >
l SURVIVAL Wt $EDI3 a0 CArl Js ol

s test for nor

u D (R NEm ERY NS SER (HE) GRB WED (RE SNE b (HE) 4ME GAmD (RN SHE WED (US NN HD (N> SES WS SRR m2b (N GHS M 4D ME) GNE GE) GHE) GEE (HE) GEB ) Smp () SEB G SFR WE> G2 R O

INTERVAL «<=1.5 -1.5% to «<-0.95 -0.5% to 0.5

mality: actual and expected 1re«1uw¢m ies

Ry
17
(if)"’h ‘z'-“EL.AL__,-g:l

20,5 to 1.5

»>1.5

EXPECTED 4.154 15.004 23.684
OBSERVED 4 13 21

im i m E > SRD BA) (HE EE P (NN SHE (U (RE GmR NP (A amS wmp wl) G W e B NE EB E P8 AP AR) GEB EE) SHB (HE: AE mm SmE E) Ghe N, TP GH) 4UB WEP SEE WED (FN} GAN MED (EE SEP 4N) (NE) GED EM) 4RM: SHS (WH) GNN HED VNN GHA (HE GMD HMD HE. GHB

atistic =

Calculated Chi-Sguare qomdnw'g of £it test st
Table Chi-Sgquare wvalue (alpha = 0.01) = 13.277

Data PASS normality test. Continue analysis.

| Press any key to continue or Esc to return to menu |

yverLsS G&H, CT

SU TRVIVAL, SEDIMENT TOX TEST
e: WLCTSRV.S

23 Transform: NO TRANSFORMATION

Shapiro-Wilks test for normality

kkkkkkxk Shapirce-Wilks Test is aborted sdkkdiki

This test
is greater than 50.

Total number of replicates = 62

| Press any key to continue or Esc to return to menu I

LS G&H, CT SURVIVAL, SEDIMENT TOX TEST
Faase: WLCTSRV.S523 Transform: NO TRANSFORMATION

Jartley test for homogeneity of variance

can not be performed hecause total number of

15.004

19

1.6780

replicates

4.154
3



alculated H s st = 7.90
losest, conservative, Table H statistic = 22.0 (alpha = 0.01)

1 for Table H R (# groups) = 8, df (# reps-l 7
aal values R (# groups) = 8, daf (# avyg ! 1) = 6.75
(average df used)
wha PASS homogeneity test. Continue analysis.
OTE: This test 1uqllrnu equal replicate sizes. If they are unequal
but do not di - greatly, the Hartley test may still be used
as an approximate test (average df are used).
| Press any key to continue or Esc to return to menu |
EBLLS G&H, CT SURVIVAL, SEDIMENT TOX TEST
‘ile: WLCTSRV.S23 Transform: NO TRANSFORMATLON

. statistic = 16.86
lable ; gquare value = La_au (alpha = 0.01)
="le Chi-square value = 14.07 (alpha = 0.05)

in calculation
e table value =

df (avg n - 1) = 6.75
df (#Fgroups-~1l) = 7

lata PASS homogeneity test at 0.01 level. Continue analysis.

plicate sizes the average replicate size is
atistic (see above).

OTE: If groups have unequal re
used to calculate the B st

| Press any key to continue or Esc to return to menu |

IELLS G&H, CT SURVIVAL, SEDIMENT TOX TEST
‘Lle: WLOCTSRV.S523 Transform: NO TRANSFORMATION

JTI

TRANMIOPMEU RANK CRIT.
yROUP I M]]HWVWWON MEAN SUM VALUE REPS SIG

SED=-23 &
SED-7 8.250 77.50 44.00 8

SED-12 8.375 77.00 44,00 8
4 SED-16 5.875 59,50 44.00 8
5 SED-18 7.000 61.00 44.00 8

LCOXON RANK SUM"TEST W/ BONFERRONI ADJUSTMENT - Ho:Control<Treatment



6 " SED=-19.01 7.000 69.00 44.00 8
7 SED-19.02 8.125 80.50 44.00 8
8 SED-2 J3.500 28.50 26,00 6

ritical values use k

= 7, are i tailed, and alpha = 0.05
d s

| Press any key to continue or Esc to return to menu I



) -

‘ S N O A
CT SURVIVAL- W l’ ART SED  AS CTRL

¢ 2
whﬁhﬁeﬁ&H“WT“FRUWTH'ﬂWWWMWﬁ$‘Tm%“TEBW
*tile: wghetsrv.asd Transform: NO TRANSFORMATION

2d freguencies

-square test for normality: actual and expec

J T R T e ————————

NTERVAL <=Ll.5 -1.5 to «-0.5  =0.5 to 0.4 >0.5 to 1.9

»1.5

SAPECTED 4.556 16.456 25.976 16,456
JBSERVED 0 0 68 0

caleul | C Square goodness of fit test statistic
table Chi-Sguare value (alpha = 0.01) = 13.277

= 110.0105

»>ata FAIL normality test. Try another transformation.

jarning - The two homogeneity tests are sensitive to non-normal data

should not be performed.

| Press any key to continue or Esc to return to menu I

SURVIVA L-
TELLS G&H CT GROGWEH-SEDIMENT TOX TEST
file: wghotsrv.asd Transform: NO TRANSFORMATION

for normality

piro-wilks test

kkkkkkit Shapiro-wWilks Test is aborted #*kdikik

’his test can not be performed because total number of replicates
.5 greater than 50.

lotal number of replicates = 68

| Press any key to continue or Esc to return to menu |

4.586

0

and

" TOXSTAT Zero Variance

'ELLS G&H T MROMWH IDIMENT TOX TEST
'ile: wghetsrv.asd Transform: NO TRANSFORMATION



......

TOXSTAT ‘ ‘ ‘ Zero Variance

- LS GEH CT GROWTH SEDIMENT TOX TEST
ile: wghctsrv.asd Transform: ARC SINE(SQUARE ROOT(Y))

urL Ley test for homogeneity wﬁ variance
sletts st f()]’ lﬁ(ﬁrn1mcyewle

hese two tests can not be performed because at least one group has
ero variance.

FAIL to meet homogeneity of variance assumption.
dditional transformations are useless

| Press any key to continue or Esc to return to menu I

SKRVIVA-C_
ELLS G&H CT -6ROWTH. SEDIMENT TOX TEST
ile: wghctsrv.asd Transform: ARC SINE(SQUARE ROOT(Y))

SJOXON RANK

TRANSFORMED RANK CRIT.

lwwn' IDENTIFICATION MEMN SUM VALUE REPS
1 ART SED
2 SED-7
3 SED-12
4 SED-16
5 SED-18 68.00 44.00 8
6 SED-19.01 91 56.00 34,00 7
7 SED-19.02 1.1zL 100.00 44,00 8
8 SED=-23 l.1l22 100.00 44,00 8
9 SELD- 34 0.644 21.00 25.00 6

100.00 44,00 8
84.00 34.00 7
36.00 44.00 8

Critical wvalues use k = n, are 1 tailed, and ﬂlpha = 0.05

1 - » —— . . -
H Press any key to continue or Esc to return to menu "

ikIP1 UPEIS“I‘ hJ/ lKJIJE"E"EwthHﬂ’l AM[);T[IF:T‘P“] NT - Ho:Control<Treat rnt=lll




!mrfluy t@wt for homogeneity of variance
Jartle 3t for homogeneity of variance

B S cum WD (RN WS WED W) WEB D 1NN HS MER (HE) HB WA (NN} CHE-HEP (HE SHD ED N> AES MaF ARE EE ShE SMD tmt @D RS 4N (RS GmS Gm) {Nm. WAD dumt SN HE) 4N ME) SNE. WEP Sm! AP (HES WHD WHA thnt NP IFE) GHE Nmb NA) SN WuP (NP S AP NE) GEB MR tHE HED (RE) GHR WN> 4mS. MED

se two T
20 variance.

Jata FAIL to meet homogeneity of variance assumption.
wdditional tranﬁtormahlonﬁ are useless.

| Pres

SURVIVAL.

{ELLS G&H CT GROWFH-SEDIMENT TOX TEST

can not be performed because at least one group has

any key to continue or Esc to return to menu |

"ile: wghctsrv.asd Transform: ARC SINE(SQUARE ROOT(Y))

*hi-s test normality: = al and expe
Y

R SN o (A —- oA MR EED (NN SN NED (M) YRS wE) tmES SN W) SN WP WE RN SRR [ (NS EEY UEE EED SEE EEN R dms I 9mS RES WS WD (EE

[NTERVAL <=1.% =1.5 to <«-0.5 ~0.5 to 0.5

ecd frec

mencie

>0

B oto 1.5

>1.5

IXPECTED 4.556 16,456 25.976
PTRERVED 0 Q 68

16.456
0

‘ll

.556

0

tfalculate
Table Chi-

:d Chi-Square goodne

Sgquare value (alpha

. 277

data FAIL normality test. Try another transformation.

jarning - The two homogeneity tests are sensitive to
should not be performed.

statistic =

110.

0105

non-normal dats

| Press any key to continue or Esc to return to menu |

)l_/ L:.L;” ‘V s 1' -----
IELLS G&H CT GROWFH SEDIMENT TOX TEST
"ile: wghctsrv.asd T

.. for normality

kkkkkkkk Shapiro-Wilks Test is aborted sk#xkiktx

his t
& gre

can not be performed because total number of
2 than 50.

« -al number of replicates = 68

ransform: ARC SINE(SQUARE ROOT(Y))

replicates

an

d




—ty . N
¢ CTH €D 33 ae CTRL

™

WPIL G&H CT -GROWTH thLMENT ng,ﬂ 1)

file: C:\BIOSOFT\WE] LLE NO TRANSFORMATION

INTERVAL <=1.5 =1.5 to <-0.5 -0.% to 0.5 »>0.5 ta 1.5 >1.5

EXPECTED 4.020 14.520 22.920 ' 14.520 4.020
YBSERVED 0 20 24 12 4

talculated Chi Squur@ qoodnunu uf Iit test statistic = 6.5766
Fable Chi-Square wvalue (alpha = 0.01) = 13,277

Jata PASS normality test. Continue analysis.

1\ o~ r s ‘ “,r — - ’/’"w [ — 2 -1 -' yd ,
\\JP‘Pw@wmay vt A T/ u&AJJMUWH btwa

/

| Press any key to continue or Esc to return to menu I
AELLS G&H CT GROWTH SEDIMENT TOX TEST
File: C:\BIOSOFT\WELLSGTH.S$23 Transform: NG TRANSFORMATION

piro-Wilks test for normality

*kkkkkkk Shapiro-Wilks Test 1s aborted #kiwkidkn

can not be performed because total number of replicates

'his test
er than 50.

is grea

lrotal number of replicates = 60

| Press any key to continue or Esc to return to menu ”
NELLS G&H CT GROWTH SEDIMENT TOX TEST
File: Cr\BLOSOFT\WELLSGTH.&23 Transform: NO TRANSFORMATION

wstley test for homogeneity of variance

(S

falculated H statistic (max Var/min var) = 24,33



rlosest, conservative, Table H statistic = 22.0 (alpha = 0.01)

Ised for Table H R = 8, af (# reps—l) = v
ual values R = 8, df (# avg e;;" 1) = 6,50

(average d4df used

e i 4N W AES: mES (MR TH ) TN WRD VNN WES (RS GHE HE) SU WAD tts 4B (N’ AmS. [ES (RN @ (HM) MNP NS kB (NN SEN EED THE) S4B (RS ARE NP NN HED o)

YELaTFALL Try another transformation.

qual

JOTE: This test requires equdl replicate sizes. If they are un
used

but. do not differ greatly, the Hartley tes I may still e
as an approximate test (average df are used).

| Press any key to continue or Esc to return to menu |

)
, o ol g A

‘ Iy TP 4 MeThe L appir o
‘V“!““:A[ , ACe ‘Gi-—’l )ij’ ‘]t.tfﬁ / ’4:..'1{ h 14 ¢ 7 /

i
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T fhre- Sne Tlromefr e



WELLS G&H QT GROWTH SEDIMENT TOX TEST
File: C:\BIOSOFT\WELLSGTH.S23 Transform: ARC SINE(SQUARE ROOT(Y) )

of variance

“tley test

for hnmmw@n@x"'

ul@nldl@d (max Var/min Var) =
losest, Table H statistic = (alpha = 0.01)
Used for Table H R (# groups) = 8, dAf (# reps-1) = 7
Actual values R (# groups) = 8, af (# avg reps-: 6.50
(average df us

Data PASS homogeneity test. Continue analysis.
NN

they are unegual
> may still bhe used
ad) .

NOTE: This test requires equal replicate sizes.
but do not differ greatly, the Hartley te
as an approximate test (average df are us

| Pre any key to continue or Esc to return to menu |

WP]Ln G&H CT GROWIH SEDIMENT TOX TEST
: Cr\BIOSOFT\WELLSGTH.S$23 Transform: ARC SINE(SQUARE ROOT(Y))

fuk huquenaliy )f variance

test

Calculated B statistic = 18.06
Table Chi-sguare value = 18.48 (alpha = 0.01)
Table Chi-square value = 14.07 (alpha = 0.05)

Avwrdq@ cdf used in calculation df (avg n 1) = 6.50
for Chi ~3quare table value df (#groups-1) = 7

£

Data PASS homogeneity test at 0.01 level. Continue analysis.

sizes the average replicate size is
{see above).

NOTE: If groups have unequal replic

used te calculate the B statis

| Press any key to continue or Esc to return to menu i

P onle S Gad
thﬁw MJ%MLW%UW Kfﬂwk. dnea, LM



WELLS G&H CT GROWTH SEDIMENT TOX TEST
File: C:\BIOSOFT\WELLSGTH.S523 Transform: ARC SINE(SQUARE ROOT(Y))

"LCOXON RANK SUM TES

[ W/ BONF

RRONI ADJUSTMENT - Ho:Control aatment

oy We ) Al RS (HE) CHB (A WR 4D AR D S wAD (mE

RANK ¢rRIT. 77
VALUE REPS

TRANSFORMED
MEAN SUM Vi

GROUP IDENTIFICATION

1 SED-23 0.041

2 ) SED~7 0.037 62,50 44.00 8

: BN SED-12 0.037 43,00 35.00 7

4 AN SED-16 0.027 36.00 44.00 g
\ /j, SED-18 0.035 49.50 44.00 8

6 \ 7/ SED-19.01 0.034 37.00 35,00 7

------- SED-19.02 0.031 36.00 44.00 g

8 SED-24 0.046 53.00 26.00 6

7, are 1 tailed, and alpha = 0.05

| Press any key to continue or Esc to return to menu I



:/:---' ;’\:'.::\\\ PA, g wt | oo ™ o ".r ’lil_ , L .
| \\ ) } (A1 (aTH Iw, Ae oD oo Cli

CT <nu ‘\
Euk G&H/“T GROWTH SEDIMENT TOX TEST W”M’
iler ”“\BTH.”W Transtform: NO TRANUFUPMAWIUN

tual and expected Er@qunnwleﬁ

-----------

NTERVAL «1.5% to <-0.5 «0.5 to 0.5 »>0.5 to 1.5 >1.5

KXPECTED 4.556 16.456
BEERVED 2 20

25.976 ' 16.456 4.556
16 4

aleoulal
able Chi

| Chi~Scuare goodn

8 2.2777
-Sguare value (alpha =

ata PASS normality test. Continue analysis.

i Press any key to continue or Esc to return to menu o

JELLS G&H CT GROWIH SEDIMENT TOX TEST
"ile: C:\BTH.SED Transforms NO TRANSFORMATICON

piro-Wilks test for normality

*kdekdekrd Shapiro-Wilks Test is aborted #dkiddik

‘his test can not be performed because total number of replicates

.8 greater than 50.

‘otal number of replicates = 68

{ IJ ) 7 H (
\
(, .4" \\

74J,ﬂ1
c:;f. e

- *“ffklit)
f:’EQ"?-: ‘,/i <L-’ / ¢|’¢?,""‘ T f [

B Press any key to continue or Esc to return o menu o

VELLS G&H CT GROWTH SEDIMENT TOX TEST
*ile: C:\BTH.SED Transform: NO TRANSFORMATION

.tley test for homogeneity of variance

......

talculated H statistic (max Var/min Var) = 31.69



Jsed for Table H
detual values

R (i# groups)
R (# groups)

conservative, Table H statistic =

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

23,0 (alpha = 0.01)

9, daf (# reps-1)

-1 )

(average df

atly, the HaLLH

i Press any key to continue or

AELLS G&H CT GROWIH SEDIMENT TOX TEST
File: C:\BTH.SED Transfoxrm:

jartletts test for ]hu:anmntqe-rxtrJLﬁ y' of

26,77

20,09
15.51

]ublu Ch”quumLe Valuu =
Pable Chi-square value =

df

used

AT e uf
d for

IMl(d|¢u1d110N
€ B ‘I’ € . | i3

Jdata FAIL homogeneity test at 0.01 level.

If
used to calculate the B

VOTE:

groups have unequal replic
tistic

5 ¥ 3

D t

J M Press

p

HELLS G&H CT GROWIH SEDIMENT TOX TEST
file: C:\BTH.SED Transform:

WHIR%DNJWMH~WUM”N%H‘W/ WMMWW%UN

- TRANSFORMED

sROUP ]DhNTKP[G%T]UN

MEAN

0.003
0.001
0.001
0.001
D18 0.00%
19.01 0.001
19.02 -0.001

%i1¢

SE
® SED-16
' 5F

6 SED-
7 SED~

NO TRANS

warianme

(alpha =
(alpha =
daf

te size:
(see above).

3 any key to continue or

ADJU“TMPNT

0.01)
0.05)
.56

(avg n - 1) = 6

(#groups—1L) = 8

Try another transformation.

s the average

Esc to return to menu m

NO TRANSFORMATION

HoiControl<

”HIT
VALUE REPS

IUMW
SUM

39.00
30.00
36.00
37.00
28.00
36.00

44.00 8
34.00 7
44 .00 8
44.00 8
34.00 7
44.00 8

replicate size i

SIG

%
kS
%
¥
£
%

S

9, df (# avg re 6.56
(average df used)
If they are 1une=\(-i'iiﬂal ..........
.@y lu51 may still be used ™
are used). e
Bse to return to menu n
FORMATION

cTreatment



0F CotH  SED 23 42 CIRL VS

VELLS G&H OT GROWTH SEDIMENT TOXN TEST
*ile: P“\H[HJOFT\WELLSGTHQRWR Transform:

iro erkw t. for normality

[ 1
) = 0.00 C‘ P
J

A\
¥ o= 0.964\_.~

ical W (P = 0.05) (n = 30) = 0.927
W (P = 0.01) (n = 30) = 0.900

o Rn hm me (R T4 HES (8 WHD YRR WED (M $hn (A dmb (R @mi AW HEK (NE) NEE (AN DND WEV WP WD (W) SuE EE 4

2,12, ¢

NO TRANSFORMATION

yata PASS normality test at P=0.01 level. Continue analysis.

Press any key to continue or Esc

to return to menu

JELLS G&H CT GROWTH SEDIMENT TOX TEST
"ile: C:\BIOSOFT\WELLSGTH.RVR Transform:

 «<ley test for homogeneity of variance

i ame mE» (v G (N> 4R SHD (EE) SHE GMD (RMP M GHM EED WE) INR SEE EES (HH: AHE EAX WE mn mES fmw Gme (=) ims W (ER WES (mE =E (E SHD B WA HE 4NS EE) 4NP WE) Gm (RS WD NE: NFS WF tmp Wme Vmm WEP HE) mR =ms

laloulated H statistic (max Var/min var) = 17.
losest, conservative, Table H statistic = 14.

1 for Table H ==>
ual values zmE >

-

X (# groups) = 4,
2 (# groups) = 4,

o

Yata FAIL homogeneity test. Try another transfo

IOTE: This test re res egual replicate sizes.
but do not er greatly, the Hartley te
as an approximate test (average df are us

NO TRANSFORMATICN

df (# reps-

5 (alpha =

0.01)

1)

df (# avyg reps-—1)

(average df

rmation.

If they
- may still
ed ) .

used)

are unegual
be used

Press any key to continue or Esc

to return to menu

JELLS G&H CT GROWTH SEDIMENT TOX TEST
e C:\BIOSOFT\WELLSGTH.RVRE Transform:

lartletts test for homogeneity of variance

........

‘alculated B statistic = 10.17

6.50



‘able Chi-square value = 11.34 (alpha = 0.,01)
‘able Chi-square value = 7.81 (alpha = 0.05)

,

rarage df used in calculation > df (avg n - 1) = 6.50
d for Chi-square table value » df (#fgroups-1l) = 3

R D AN ED WE) CHE GNP (NEV 4RE NES W CHB MEY U GED EES (HS AED (NS) SED ME) GAN G (NN, GNP (NN, SNk (NN GMe EE qum NGNS MED (Al dND (4E) GP (MH) GNR. SR (HE, GNR MR NN WHD ) CHE. NED (HE UNEI NED (NE) €N SNA @A) NS HEP GE HEE 4D 44! HES (RA) AN (WS CHE @b v

ata PASS homoc

neity test at 0.01 level. Continue analysis.

IOTE: If groups have unequal replicate sizes the average replicate size is
used to calculate the B statistic (see above).

Press any key to continue or Esc to return to menu
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HELLS
File:

nC“MON RANK SUM

SROUP

1
2

3
. 4

Critical
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IW%NWIF]P%TIWN
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SED~

leueu use k =

" W/

SED~ lﬁ

are

HHNPPPFONI ADJU“TM%NT
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UHD"
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ThM%n

G&H CT GROWTH SEDIMENT TOX TEST

Ci \BIOSOFT\WELLSGTH.RVR Transform:

QFMPU
MhAN

0“00’

0.001
¢.001
U.UUI

1 tdmlnd

RANV
SUM

62.
‘4r :
28.

- Ho: Cont

dmd dlph

CRIT.
VALUE

.05

NO TRANSFORMATION

50 47»00
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.00
00
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REPS
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< :' (4/‘ ,! < l;:!L,v"'L‘EE,4[::(;\_ 4::;1!_{1 ][ L-\.Q --’I"l’ L]/lll,nﬂl_,q;_ YL 4’.::!/1‘1’ L ]l Ve )‘ [ T e 2 I,, qgr a )
\ . a zteca-survival, SEDIMENT TOX 'l“l"“:'[‘ ‘ . SE M <l 1 {9 v

,d’]' ' ‘P .24 Transform: NO TRANSFORMATION q&%q"fi(ﬂj(1¢ndH1Jm, )

A ‘
\\ \ ?” R SUM 'TEST W/ nuNF‘NPHNi ADJUSTMENT - Ho:Control<Treatment
e S O N ¢ e o a1 o 5 25 S o . o s

]LAN 3 FORMED ['.AN]K C JR‘ IT.
FICAT MEA SUM VALUE

1 SED-24 0.781
2 SED-18 0.108 10.00 12.00 4 W
3 SED-1%9.0L 0.566 36.00 45,00 8

SED-19.02 0.625 65.00

tailed, and alpha = 0.0%

53 use ko= 3, are

al values 1

Press any key to continue or Esc to return to menu

ELLS G&H, H. azteca-survival, SEDIMENT TOX TEST

'iler WLHAVS3.,24 Transform: NOQ TRANSFORMATION

T i-gguare

: for neormality: actual and expected fregquencies

NTERVAL <-1.5 -1.5 to <=0.5 -0.5 o 0.5 >0.5 to 1.5 >1.5

KXPECTED 1.809 6.534 10.314 6.534 1.809
BSERVED 0 0 27 0 0

alculated Chi-Square goodness of fit
'able Chi-Square value (alpha = 0.,01)

43.6806

est statist
13.2° 7!'

0ot 8
'

iata FAIL normality test. Try another transformation.

larning - The two homogeneity tests are sensitive to non-normal data and
should not be performed. :

Press any key to continue or Esc teo return to menu

ELLS G&H, H. azteca-survival, SEDIMENT TOX T

EST
mle: WJHAVS 24 Transform: NO TRANSFOR

MATION

s test for normality

0.000



] o= 0,002

witical W (P = 0.05) (n = 27) = 0.923
tical W (P = 0.01) (n = 27) = 0.894

yata FAIL normality test. Try another transformation.

jarning - The two homogeneity tests are sensitive to non-normal data and
should not be performed.

Press any key to continue or Esc to return to menu

TOXSTAT Zero Variance

VELLS G&H, H. azteca-survival, SEDIMENT TOX TEST
"ile: WLHAVS3.24 Transform: NO TRANSFORMATION

of variance

jartley test for homogeneity
” of v

”¢rtlett for homogeneity

Jse two tests can not ke performed because at least one group has
.ero variance.
Yata FAIL to meet homogeneity of variance assumption.
\dditional transformations are useless.

Press any key to continue or Esc to return to menu
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"‘ ey ' ¢ A 1 .
!\\ ) Aok K s 9001602
TE ‘\L )/ itecanquWth, SEDIMENT TOX TEST

Mler CT\sLU REV Transform: NO TRANSFORMATION

~sguare te:

for normality: actual and expected fre

quencies

NTERVAL <=1.5 ~1.5 to <=0.5 -0.5 to 0.5 >0.5 to 1.5 »1.5

CTED 1.541 5.566 B.786 5.566 1.541
RVED 0 8 9 5 1

iAPE
JBSE

1lculated © Juare goodn of fit test st
table Chi-8quare value (alpha = 0.01) = 13.277

2.8581

ata PASS normality test. Continue analysis.

Press any key to continue or Esc to return to menu

VELLS G&M, H. azteca-growth, SEDIMENT TOX TEST
file: C:\BIO.REV Transform: NO TRANSFORMATION

.piro Wilks test for normality

) = 0.000
I = 0.966

ritical W (P = 0,05) (n = 23) = 0.914
ritical W (P = 0.01) (n = 23) = 0.881

Yata PASS normality test at P=0.01 level. Continue analysis.

nue or Esc to return to menu

Prﬁﬁ$ any key
* -

WELLS G&H, H. azteca-growth, SEDIMENT TOX TEST
file: C:\BIO.REV Transform: NO TRANSFORMATION

rartley test for homegeneity of variance

‘alculated H statistic (max Var/min Var) = 22.50

" M EE EE YHS A (R NEP WY SR NN GHE () {EE EED IME NEP (HE SN AES W) NP GEF (RS AFR W) (N SME M) HE WA (B CHD (EMi GHA RN GH) MR (A SHR ()



yata FAIL homogeneity test. Try another transformation.

qual replicate sizes. If they are unegual
atly, the Hartley te - may still be used
(average Jdf are used).

IOTE: This test requires e
but do not differ gr
as an approximate test

.......

Press any key to continue or Esc to return to menu

WFLLW G&H, H. azteca-growth, SEDIMENT TOX TEST
Pile: C:\BIO.REV Transform: ARC SINE(SQUARE ROOT(Y))

- homogeneity of variance

talculated B statistic = 11.89
lable P]' lare wvalue 9.21 (alr = 0.,01)
rable Chi-sgquare wvalue = 5.99 (alpha = 0,05)

wverage df used in calculation
Jsed for Chi-sguare table wvalue

(avg n - 1) = 6.67

#Fgrouy

Data FAIL homogeneity test at 0.01 level. Try another transformation.

NOTE: If groups have unequal replicate sizes the average replicate size is
used to calculate the B statistic (see above).

Press any key to continue or Esc to return to menu

WELLS G&H, H. azteca-growth, SEDIMENT TOX TEST
File: C:\BIO.REV Transform: ARC SINE(SQUARE ROQT(Y))

RANK SUM TEST W/ BONFERRONT ADJW“TMPNT - HO (0ntxolfTr@utmomt

TRAN RMED RANK . CRIT.
GROUP IDENTIFICATION ]WUE?\PT STUM VALUE 1!!]“ 516G

0. Ci 10 62,00 46,00 8
0. (l]L 0 61.00 46.00 3

Critical valueﬁ'use k =2, are 1 ”dlled and d]phd = 0.05

20
ey 1O u‘b‘&nl
lk JLCOMAL SED ~1§ ,t;t—“\tj}, uf L Ay 2! ( el ‘; (0-54, )
) C

pa I ! v Z‘_»~-f“_
Co—  dn P P Ated s,

I Press any key to continue or Esc to return to menu



Mlosest, conservative, Table H statistic = 12.1 (alpha = 0.01)

R (# groug

Jsed for Table H
R (# groug

df (# reps~1) =
ual values o

£ (# avg reps-1)
average df used)

Jata:zFA mﬁEEEMQiﬁy“teﬁt” Try another transformation.

NOTE: This test requires equal replicate sizes. If they are unequal
. but do not differ g ly, the Hartley test may still be used
as an approximate test (average df are used).

¢ to return to menu

Press any key to continue or Es

AELLS G&H, H. azteca-growth, SEDIMENT TOX TEST -
File: ”-\HI« , REV Transform: NO TRANSFORMATION
1

Bartletts test for homogeneity of wariance

ME) NND NN GEE MED HN) M. AP (A GHM @ED (MHS CHA WHP (MNP JME NED MEP (NE GEE HE ENN MER (NE GES (NN GND (N> {NB WE GRS WAN (NS WAR (HE: ANB HA) (NA, ME (NN GNS WE GHE NED (RN GES HE) NNS WA} (NE GES (RE) HE W) (NN GHA {B) SNE NE GRS ND INE) SNA MED dumi G um: dmp () AN UMD HE GNP m

Calculated B statistic = 11.76
Table Chi-square value = 9.21 (alpha
Table Chi-square value = 5.99 (alpha

= 0.01)
= 0.05)

d‘ t: ( av’ C" n - 1 ) == l:) R 6 '7

rage df used in calculation
[ df 1;%;rtmum;m1) = 2

d for Chi- 1are table value

Data FAIL homogeneity test at 0.01 level. Try another transformation.

p

6.67

NOTE: If gr@ux? hnvm unequal replicate sizes the average replicate size is

used to the B statis above) .

Press any key to continue or Esc to return to menu

WELLS G&H, H. azteca-growth, SEDIMENT TOX TEST
File: C:\BIO.REV Transform: ARC SINE(SQUARE ROOT(Y))

Hartley t for homogeneity of variance

Calculated H statistic (max Var/min Var) = 23.83
Closest, conservative, Table H statistic = 12.1 (alpha = 0.01)

d for Table H

R (# groups) 3, df (# rpﬁvnlj
n -ual values -

R (# groups) = 3, daf (# avyg reg
(average di JS@d}

7
6.67
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sROUP IDFNT]FHW PI@N ) 5UM
1 “ED ?4 0"010
2 SED-19.01 0.010 57.50 45.00 8
.3 SED~19,02 0.010 62.50 45,00 8
\4L iED 18 Ouﬂﬂﬁ 10.00 12.00 4 *
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Table 4:

o

p9:10

ﬂmmtmmm:mmmhmmm;ﬂxmmcitv Tabt Results
Al —

T TORICITY TEST KESULTS
LS G, WOBURN, MA
ronomus tentans

Station location | Burvival 8 g, wedght

ART sppe 70 0.0033 .
- SED-7¢ R 82.5 0.0014x
| SED-12¢. R 56,2 00012+

SED-16% R 68.6 0. 0008

SED~18° w | e 0.0013%

SED~19-01" L 70 0.0010"

SED-19-02% w 81.1 0. 0009+

SED-g b K 81.2 D, 0017w

SED-24¢ W | 36 0.0021

riverine

C

1 designates riverine

* designates statigti

LOry control

* designates wetland loca

reference

jnates wetland reference

locations
tiong

~ 2

i.e.

. sedimnent

artifict

L_sdgnilicance {o=0,085)

Table 5.

AR

Raeaylts

H. netoca SadLmmn i Toxicity

SEDIMENT TOXICIPY RESULTS
WELLS G&H, WOBURN, MA
Hyalella aztegn

Btation location

sSurvival §

vy, weight

ART SED" 16,6 0.00007

| SED-7° R 150 0.00009

SED-12¢ R 4.2 0.00011

SED- 1 64 R 93.3 0.00014

SED-1g W | 10.8% | 0. 00004*
| SED-19-01° “w  |s6.6 0.00011
SED-19-02° W |ez.s 0.90010
| SED-23° R_lo.s 0.00030
 SED-24" p L/ 18.1 0.00010

" designates
v ghates
¢ designates
designataes
" designates
* desigrates

laboratory ¢
riverine ref
wetland refe
riverine louo
wetland loca
dtatisticel

3

ontral i.e. artificial sediment
erence

o

ations

tiong

signiticance (a=0,05)
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