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Data Evaluation Report on the Toxicity of Ziram to$heepshead Minnow (Cyprinodon 
variegatus), Early Life Cycle 

EXECUTIVE SUMMARY: 

The 34-day chronic toxicity of zirarn to the early life stage of sheepshead minnow (Cypvinodon vauiega'tus) was studied 
under flow-through conditions. Fertilized eggslembryos (80/level,44 hours old) of sheepshead minnow were exposed 
to a mixture of radiolabelled plus unlabeled ziram at nominal concentrations of 0 (negative and solvent controls), 28,56, 
113,225, and 450 pg aiL. Mean measured concentrations were <LOQ, 27, 58, 117,222 and 443 pg total residuesll. 
TWA concentrations were (8.29 (<LOQ, controls), 27,58, 117,224, and 445 pg total residuesll. The test system was 
maintained at 24.5-25.7 O C ,  pH of 7.9-8.0, and salinity of 20%0. As survival did not fall below 50% for ahy treatment 
level, the 34-day LCSo for post-hatch survival was >445 pg total residuesll. NOAEC and LOAEC values were 27 and 58 
pg total residuesll, respectively, based on reduced size (length and dry weight) of newly-hatched larvae. 

No treatment-related effects on time to hatch or hatching success were observed. Post-hatch survival and wet weight 
were statistically-reduced at the 443 pg total residuesll level compared to the negative control group. Inaddition, 
statistically-significant treatment-related effects on length and dry weight were observed at levels greaterthan and 
including the 58 pg total residuesL level. Regarding clinical observations, small fish were observed in the 117,222, 
and 443 pg total residuedl treatment groups at the beginning of the post-hatch phase, but the majority aqpeared 
normal and healthy by Day 19 until test termination. 

This study is scientifically sound and is classified as ACCEPTABLE. 

Results Synopsis 

Test Organism Size/Age(mean Weight or Length): Embryos, 124 hours old 
Test Type (Flow-through, Static, Static Renewal): Flow-through 

NOAEC: 27 pg total residuesll 

LOAEC: 58 pg total residuedl 

Endpoint(s) Affected: post-hatch clinical signs of toxicity, post-hatch survival, and growth 
Most Sensitive Endpoint(s): growth (length and dry weight) 

Page 2 of 30 



Data Evaluation Report on the Toxicity of Ziram to Sheepshead Minnow (Cyprirzodon 
variegatus), Early Life Cycle 
PMRA Submission Number (......I EPA MRID Number 468564-0 1 

I 

I. MATERIALS AND METHODS: 

GUIDELINE FOLLOWED: The study protocol was based on procedures outlined in the U.S. EPA Series 850 
-Ecological Effects Test Guidelines (draft), OPPTS No. 850.1400 Fish Ear& 
Life-Stage Test; ASTM Standard E1241-88, Standard Guide for Conducting 
Early Life-Stage Toxicity Tests with Fish; and U.S. Environmental P$otection 
Agency Standard Evaluation Procedure, Fish Early Life-Stage Test. Deviations 
from OPPTS No. 850.1400 included: 

I 
Test samples were analyzed only for total radioactive residues using LSC. The radioactivity was notlfiuther 
characterized; therefore, the stability of zirarn under actual use conditions was not verified. 

COMPLIANCE: Signed and dated GLP, Quality Assurance, and Data Confidentiality qlaims 
statements were provided. This study was conducted in accordance with GLP 
Standards as published in 40 CFR Part 160 with the following exception: 
periodic analysis of well water for potential contaminants. 

A. MATERIALS: 

1. Test Material 

Description: 

Lot No./Batch No. : 

Purity: 

Stability of compound 
under test conditions: 

Storage conditions of 
test chemicals: 

Ziram Technical and 1 4 ~ - ~ i r a m  

Solids 

G4A005 1877 (non-radiolabelled) and XVl36 (radiolabelled) 

98.2% (non-radiolabelled) and 97% (radiolabelled) 

Unverified. Test samples collected on days 0,7, 14,21,28, and 34 were 
analyzed for total radioactivity using LSC. All results were within 20% among 
replicate measurements; however, the radioactivity was not fiuther chqacterized. 

Frozen 

Physicochemical properties of Ziram. 

2. Test organism: 

Species: 

Parameter 

Water solubility at 20°C 

Vapor pressure 

UV absorption 

P K ~  

Kow 

Sheepshead minnow (Cyprinodon variegates) [&PA 
recommends any of several freshwater fish species, inl(cluding 

Page 3 of 30 

Not reported 

Not reported 

Not reported 

Not reported 

Values 

Not reported 

(OECD recommends water solubility, stability in water and light, pKa, Pow, and vapor pressure of test compound) 

Comments 
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rainbow trout, brook trout, bluegill, fathead minncjw, and 
channel caGsh. See Standard Evaluation Proceddre for listing 
of recommended species. OECD recommends rainbow trout, 
fathead minnows, zebrajsh, and ricejsh but does vlot exclude 
the use of other species.] I 

Age /embryonic stage at test initiation: Embryos, 524 hours old [EPA recommendsjsh embryos 2 to 
2'4 hours old.] 

Method of collection of the fertilized eggs: Collected by Aquatic Biosystems, Inc. and sent to the 
Wildlife International laboratory. 

Source: Aquatic BioSystems, Inc., Fort Collins, CO 

B. STUDY DESIGN: 

1. Experimental Conditions 

a. Range-finding study: The concentrations were selected in consultation with the Sponsor, and were based 
upon the results of exploratory range-finding data (not further specified). 

b. Definitive study 

rable 1: Experimental Parameters 
I I I I .  

I 

Parameter 

' Parental acclimation, if anv 
Period: 

Conditions (same as test or not): 

Feeding (type, source, amount given, 
frequency): 

Health: (any mortality observed) 

Number of fertilized eggslembryos in 
each treatment at test initiation 

Remarks 
~ e t a i l s  1 - - - : - - - - - - - - - - - - - - - - - - - - - - - -I - - - . - - - - - - - - I 

NIA 

80 embryosltreatment level, 
divided into 20 embryoslcup, 1 

cup and aminimum-of 30jsh)er 
treatment for post-hatch exposure 
(OECD recommends at least PO eggs, 
divided between at least 2 rel;llicates) 

Criteria 1 

Embryos collected for use in the test 
were purchased. It was reborted that 
the embryos were spawnef from up 
to 30 adult males and 100 \adult 
females. Upon arrival at the 
laboratory, the embryos wtre 
examined under a dissecti4g 
microscope to select healtby, viable 
specimens at approximatel/y the same 
stage of development. 

Fish were not thinned following 
hatching. 

cup,aquarium, and 4 replicate 
aquarialtreatment. 
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Parameter 

Concentration of test material 
nominal: 

mean measured: 

TWA (reviewer-calculated): 

Solvent (type, percentage, if used) 

Number of replicates 
control: 
solvent control: 
treated ones: 

Details 

0 (negative and solvent controls), 
28,56,113,225, and 450 pg 
a i 5  

<8.29 (<LOQ, controls), 27, 58, 
1 17,222, and 443 yg total 
residues& respectively 

<8.29 (<-oQ, controls), 27, 58, 
117,224, and 445 yg total 
residues& respectively 

Dirnethyl formamide, 0.1 mVL 

4 
4 
4llevel 

I 

Remarks 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Criteria 

Total radioactive concentrations 
were determined using LSC at 0, 7, 
14,21,28, and 34 days. 411 
measured concentrations were within 
20% among replicates. The 
radioactivity was not chdacterized 
to determine what percentage was 
parent material. 

- - - - - - - - - - - - - - - - - - - - - - - - - - - + - - - - - - - - - - - -  

A of cOncentratiqns anda 
control, all replicated, plus solvent 
control i f  appropriate shoul# be used. 
- Toxicant concentration should be 
measured in one tank at each toxicant 
level every week 
- One concentration should qdversely 
affect a life stage and one coFcentration 
should not affect any l f e  stage. 
OECD recommends that 5 
concentrations be spaced by constant I " .  factor not exceeding 3.2; coqcentratzons 
of test substance in solution should be 
within i 20% of the mean mdasured 
values. 

I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
The solvent should not excee$ 0. 1 ml/L 
in aflow-through system. 
Recommended solvents inclu~fe 
dimethylformamide, triethylehe glycol, 
methanol, acetone, ethanol. 
OECD recommends that th'e sfolvent not 
have an effect on survival nokproduce 
any other adverse effects;con entration 
should not be greater than 0. ml/L. t 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Number of replicates should tie 4per 
concentration 
A solvent control should be u ed in 
conjunction with a solubilizin agent. 

I 

/ 
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Parameter 

static renewal/flow-through: 

replacement in 8 to 12 hours (OECD 
recommends 5 test chamber volurnes/24 

renewal rate for static renewal: hours). For static-renewal, OECD 
recommends 2 renewal procedures; 
either transfer eggs and lawae to new, 
clean vessels or reatain orgapisms in 
vessels and change at least 2n/3 test 
water. A minimum of 5 toxicant 
concentrations with a dilution factor not 

itting accuracy should be 
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I 

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

typelmaterial (glasslstainless steel): 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

typelmaterial: (glasslstainless steel) Recommended test vessel is all glass or 
glass with stainless steelfrarhe. 

diluted to a salinity of 

chloride at 12 100 m a ,  mbgnesium 
at 779 mgk, potassium at T69 m a ,  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Source of dilution water should be 
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I 
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Parameter 

Water ~arameters 
hardness: 

pH: 

dissolved oxygen: 

temperature (s) (record all the 24.5-25.7"C (all stages; measured at each concentradion at least 
temperatures used for different life 

Freshwater parameters in a control and 
one concentration should be (analyzed 

and should not deviate by mdre than 
2 "Cfrom appropriate tempe#ature. 
OECD recommends that DO1 

other measurements: 

in alternating replicates of each 
level daily during the f is t  7 days 
and weekly thereafter. pH was 
measured in alternating 
replicates of each level at least 
weekly. Salinity was measured 
in one alternating replicate of the 

least 90% complete in the 
negative control chambers. 

day, the alevins were released 

Details 

Not reported 

7.9-8.0 

r5.9 mgiZ (280% safuration) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Remarks 
Criteria 

Light intensity at test initibtion was 
157 lux over one represeqtative test 
chamber. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Recommended hardness: 40.148 mg/L as 

~ ~ ~ ~ ~ ~ ~ ~ d ~ d ~ ~ :  CaCO,; 7.2 to 7:6 
Dissolved Oxygen (DO) shozkld be 
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I 

Parameter 

typelsource of feed: Live brine shrimp naunlii 

fi.equency of feeding: Three times daily during the first 
7 days post-hatch, and at least 
two times daily thereafter. Fish 
were not fed during the final 48 
hours of the test. 

Stability of chemical in the test system Stable, as indicated by relatively 
constant measured 
concentrations (within 20% 
among replicate measurements). 

Recovery of chemical: 86.8-1 10% of nominal Based on LSC analysis of test 
samples. 

Frequency of measurement: Days 0,7,14,21,28, and 34 

LOD: Not reported 
LOQ: 8.29 pg total residuesL 

Positive control {if used, indicate the 
chemical and concentrations) N/A 

Fertilization success study. if any 
N/A 

number of eggs used: 

on what day the eggs were removed to 
check the embryonic development: 

Other parameters, if any NIA 
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2. Obsewations: 

Table 2: Observations 
0 

Parameters 

Parameters measured including the 
sublethal effectsltoxicity symptoms 

- - 

Observation intervalddates for: 

egg mortality: 
no. of eggs hatched: 
mortality of £iy (e.g.,alevins): 
swim-up behavior: 
growth measurements: 
embryonic development: 
other sublethal effects 

11. RESULTS AND DISCUSSION 

1 Details 

- Embryo survival 
- Time to hatch 
- Larval survival 
- Measurement of growth (total 
length, wet weight, and dry 
weight) 
- Clinical signs of toxicity or 
abnormal behavior 

Daily 
Daily 
Daily 
NIA 
Day 34 
Not determined 
Daily 

Yes 

Yes 

Remarks 
. - - - - - - - - - - - - - - - - - - - - - - - - - - + - - - - - - - - - - -  

Criteria 

- - - - _ _ _ _ _ - - - - - _ _ _ _ - - - - - - - - 7 - - - - - - - - - ~  

Recommended parameters rpeasured 
include: 
- Number of embryos hatchpd; 
- Time to hatch; 
- Mortality of embryos, laniae, and 

Juveniles: 
- Time to swim-up ($appropriate); 
- Measurement of growth; 
- Incidence ofpathological Qr 
Histological effects; 
- Observations of other efidts or 
clinical signs. 

A. MORTALITY: 

On Day 6, hatching success averaged 91-100% in all test and control groups, with no treatment-related effect 
observed. The NOAEC for hatching success was 443 pg total residuesk. 

On Day 34 (28 days post-hatch), fish survival averaged 93% in the negative control group, compared tb 96,93, 
96,92,93, and 74% in the solvent control and mean-measured 27,58, 117,222, and 443 pg total residues&, 
groups, respectively. Fish survival was statistically-reduced (p50.05) at the 443 pg total residuesk level 
compared to the pooled control. The NOAEC for post-hatch survival was 222 pg total residuesiL. 

Page 10 of 30 



Data Evaluation Report on the Toxicity of Ziram to Sheepshead Minnow (Cyprinodon 
variegitm), Early Life Cycle 
PMRA Submission Number {. . . . . . ) EPA MRID Number 468564-01 

pg total residues& 

NR - Not reported 
* statistical$-significant difference from pooled control using Fisher's Exact test (p10.05). 
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Table 4: Effect of Ziram on Growth of Juvenile Fish. 

**Statistically-significant fkom pooled control using Bonferroni's test (~50.05). 

B. SUB-LETHAL TOXICITY AND OTHER CHRONIC EFFECTS: 

Daily observations of the sheepshead minnow embryos indicated that there were no apparent differenkes in time 
to hatch between the control groups and the ziram treatment groups. Embryos hatched on days 4'5, w d  6 and 
were released on day 6. An additional three embryos in the 117 pg total residuesL group hatched an4 were 
released on day 7. The NOAEC for time to hatch was 443 pg total residuesll. 

The majority of fish in the control groups and in the ziram treatment groups appeared normal throughput the 
test. There were a few observations of organisms that appeared smaller in comparison to the majority of fish in 
the control replicates, and this effect was predominantly observed in newly-hatched larvae. The study authors 
reported that this effect occurred infrequently and was comparable in control and treatment groups (a NOAEC 
was not reported). I 

I 

Statistically-significant reductions in total length were observed at the 258 pg total residuesL levels iompared 
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to the pooled control. The study authors reported that differences in length that here <1 rnm were not 
considered to be treatment related since this difference was within the error of measurement. Therefbre, 
although statistically-different, differences from the 58, 117, and 222 yg total residue& levels werelnot 
considered to be treatment-related. The difference at the 443 pg total residues&, level from the pooled control 
was 1.5 rnm, and was considered relevant. The subsequent NOAEC for total length was reported to be 222 pg 
total residuesk. For wet and dry weights, statistically-significant reductions were observed from the) pooled 
control at the 58, 117, and 443 yg total residues&, levels. The small.differences in weights observed at the 58 
and 1 17 yg total residues&, levels compared to the pooled control were not considered to be treatme4t related 
and did not follow an apparent concentration-dependent response. No statistically-significant differehces were 
observed for wet or dry weights at the 222 yg total residuesn level. The only difference considered ito be a 
treatment-related effect was the highest treatment group. Thus, the NOAEC for wet and dry weights was 222 yg 
total residuesk. 
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Treatment 
Mean 
pg total residues& 

(and nominal, 
Pg a%) 

concentrations 

Control (dilution water 
only) 

% sublethal effect: 

(a) Reviewer-calculated as the maximum percentage of fish exhibiting effect during the entire post-hatch pediod. 

Smaller in Size, 
Maximum % 
~ccurrence(~)  

0 

Toxicity 
symptoms 
(specify) 

NIA 

Toxicity 
symptoms 
(specify) 

N/A 

Toxicity 
symptoms 
(specify) 

N/A 

Toxicity 
skmptoms 
(specify) 

NIA 
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C. REPORTED STATISTICS: 

Data that were statistically analyzed included 1) hatching success, 2) larval survival, 3) the mean total length of 
surviving fish at study termination, 4) the mean wet weight of surviving fish at study termination, and 5) the mean 
dry weight of surviving fish at study termination. The time to hatch was visually evaluated. 

For all endpoints, responses from the negative and solvent control groups were compared using t-test. No 
significant differences were observed, and the controls were pooled for all subsequent analyses. Hatc ing success 
and larval survival data was analyzed using Chi-square and Fisher's Exact test to identify treatmen groups that P 
showed a statistically significant difference from pooled controls (~50.05). Growth data were checked for normality 
using the Shapiro-Wilks test, and for homogeneity of variance using Levene's test. The data passed these 
assumptions, and were subsequently analyzed using analysis of variance (ANOVA) and Bonferrobi's t-test to 
identify treatments that were significantly different from the pooled control (p 10.05). 

The NOAEC and LOAEC were based or) significance data. All analyses were performed using TOXSTAT or SAS 
software programs and mean-measured concentrations. 

D. VERIFICATION OF STATISTICAL RESULTS: 

Statistical Method: Larval survival, length, wet and dry weight data were statistically analyzed. Resuits for 
hatching success could be visually determined because there were no reductions from the negative c~ntrol 
group. Data were analyzed using the Chi-square and Shapiro-Wilks tests for normality and the Hartl4y and 
Bartlett's tests for homogeneity of variances. Data did not require transformation to satisfy the assurqptions of 
ANOVA. The NOAEC values were determined using ANOVA, followed by Dunnett's or William's tests. 
These analyses were conducted using TOXSTAT statistical software. For all endpoints, the negative land solvent 
control groups were compared using a Student's t-test; no significant differences were detected and the negative 
control group was used for all comparisons to the treated groups. 

NOAEC: 27 pg total residuesL 
LOAEC: 58 pg total residuesll 
Most sensitive endpoints: total length and dry weight 

E. STUDY DEFICIENCIES: 

This study is scientifically sound and provides useful data on the early life-stage toxicity of ziram to sheepshead 
minnow. However, as test samples were only analyzed for total radioactive residues, the stability of ziram under 
test conditions was not determined. 

F. REVIEWER'S COMMENTS: 

The reviewer's statistical conclusions differed from those of the study authors, but the results of the statistical 
analyses were identical. The study authors dismissed the significant effects on wet weight and length at the 58, 1 17, 
and 224 pg total residuesh levels because the overall responses were not dose-dependent and not considered to be 
biologically different from the pooled control groups. The reviewer compared all treatment responses to the negative 
control group. All growth parameters showed similar responses, with significantly reduced growth at the 58 and 1 17 
pg total residuedl treatment levels, followed by a smaller magnitude reduction at the 224 ~g total residues& level 
and the greatest reduction at the highest treatment level (445 pg total residuesll). Given the consistency of these 
growth effects across length and weight parameters and the reported clinical observations noted up to Day 19 in the 
117,224, and 445 pg total residues& levels, the reviewer chose not to dismiss the statistically significpt adverse 
effects at levels up to and exceeding 58 pg total residuesk. As a result, the reviewer concluded that the MOAEC for 
this study is 27 pg total residuesL. 
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Biomass loading at the end of the test was 0.019 g fish/l/day (instantaneous 0.19 g fish/L), based onthe negative 
control group. 

The specific activity of the radiolabelled ziram was 1 1.3 MBqImg. 

In-life dates were February 23 -March 29, 2006. 

G. CONCLUSIONS: 

This study is scientifically sound and is thus acceptable. Based on treatment-related effects upon the size of newly- 
hatched larvae (length and dry weight) at levels equal to and exceeding 58 yg total residuesll, the NOAEC and 
LOAEC are 27 and 58 pg total residues& respectively. 

LOAEC: 58 pg total residuesll 

NOAEC: 27 yg total'residuesl~ 

Endpoint(s) Affected: post-hatch clinical signs of toxicity, post-hatch survival, and growth 
Most Sensitive Endpoint(s); growth (length and dry weight) 
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APPENDIX 1: OUTPUT OF REVIEWER'S STATISTICAL VERIFICATION: 
survival / 

File: 6401s Transform: NO TRRNSFORM 

t-test of Solvent and Blank Controls Ho:GRPl MEAN = GQP2 MEAN 

- 
GRPl ( SOLVENT CRTL ) MEAN = 9 4 .5 00 0 CALCULATED t VALUE = -0.7423 
GRP2 (BLANK CRTL) MEAN = 97.5000 DEGREES OF FREEDOM = 6 
DIFFERENCE IN MEANS - - -3.0000 

- 
TABLEtVALUE (0.05 (2), 6) = 2.447 NO significant difference at 
alpha=0.05 
TABLE t VALUE (0.01 (2), 6) = 3.707 NO significant difference at 
alpha=0.01 

survival 
File: 6401s Transform: NO TRANSFORMATION 

Chi-square test for normality: actual and expected frequencies 
.............................................................................. 

INTERVAL <-1.5 -1.5 to <-0.5 -0.5 to 0.5 >0.5 to 1.5 >1.5  

EXPECTED 1.608 5.808 9.168 5.808 1.608 
OBSERVED 0 5 13 6 0 

.............................................................................. 
Calculated Chi-square goodness of fit test statistic = 4.9364 
Table Chi-Square value (alpha = 0.01) = 13.277 

Data PASS normality test. Continue analysis. 

survival 
File: 6401s Transform: NO TRANSFORMATION 

Shapiro Wilks test for normality 
-----------------,------------------------------------------------------------- 

D = 779.500 

Critical W (P = 0.05) (n = 24) = 0.916 
Critical W (P = 0.01) (n = 24) = 0.884 
.............................................................................. 

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

survival 
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vuriegutus), Early Life Cycle 
PMRA Submission Number {.. ....) EPA MRID Number ,468564-01 

I 

File: 6401s 
I 

Transform: NO TRANSFORMATION 
I 

Hartley test for homogeneity of variance 
.............................................................................. 

Calculated H statistic ( m a ~  Var/min Var) = 4.29 
Closest, conservative, Table H statistic = 184.0 (alpha = 0.01) 

Used for Table H ==> R ( #  groups) = 6, df ( #  reps-1) = 

Actual values ==> R ( #  groups) = 6, 
3 

df ( #  avgreps-1) = 3.00 

Data PASS homogeneity test. Continue analysis. 

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

survival 
File: 6401s Transform: NO TRANSFORMATION 

Bartletts test for homogeneity of variance 
.............................................................................. 

Calculated B statistic = 1.82 
Table Chi-square value = 15.09 (alpha = 0.01) 
Table Chi-square value = 11.07 (alpha = 0.05) 

Average df used in calculation ==> df (avg n - 1) = 3.00 
Used for Chi-square table value ==> df (#groups-1) = 5 
.............................................................................. 

Data PASS homogeneity test at 0.01 level. Continue analysis. 

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

survival 
File: 6401s Transform: NO TRANSFORMATION 

ANOVA TABLE 

SOURCE D F SS MS F 
-----------------------------------------------------------------------&------ 

Between 5 1351.000 270.200 6.239 
I 

Within (Error) 18 779.500 43.306 
-----------------------------------------------------------------------*------ 

Total 2 3 2130.500 
....................................................................... r------ 

Critical F value = 2.77 (0.05,5,18) 
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variegatus), Early Life Cycle 
0 

I 

Since F > Critical F REJECT Ho:A11 groups equal 

survival 
File: 6401s Transform: NO TRANSFORMATION 

DUNNETTS TEST - TABLE 1 OF 2 Ho:Control<Treatment 
----------------------------------------------------------------------*----- 

TRANSFORMED MEAN CALCULATED IN 
GROUP IDENTIFICATION MEAN ORIGINAL UNITS T STAT SIG 
----- .................... ----------- ------------------ ------ --- 
1 neg control 94.500 94.500 
2 2 7 92.750 92.750 0.376 
3 5 8 96.000 96.000 -0.322 
4 117 92.000 92.000 0.537 
5 224 92.500 92.500 0.430 
6 445 73.750 73.750 4.459 * 

............................................................................ 
Dunnett table value = 2.41 (1 Tailed Value, P=0.05, df=18,5) 

survival 
File: 6401s Transform: NO TRANSFORMATION 

DUNNETTS TEST - TABLE 2 OF 2 Ho:Control<Treatmend 
----------------------------------------------------------------------4----- 

NUM OF Minimum Sig Diff % of DI FFERDNCE 
GROUP IDENTIFICATION REPS (IN ORIG. UNITS) CONTROL FROM CONTROL 
----- .................... ------- ---------------- ------- ---_----____ 

neg control 4 
2 7 4 
5 8 4 
11 7 4 
224 4 
445 4 

survival 
File: 6401s Transform: NO TRANSFORMATION 

WILLIAMS TEST (Isotonic regression model) TABLE 1 OF 2 
---------------------------------L------------------------------------------ 

GROUP ORIGINAL TRANSFORMED ISOTONIZED 
IDENTIFICATION N MEAN MEAN MEAN 

------ .................... --- ----------- ----------- ----------- 
1 neg control 4 94.500 94.500 94.500 
2 27 4 92.750 92.750 94.375 
3 58 4 96.000 96.000 94.875 
4 117 4 92.000 92.000 92.250 
5 224 4 92.500 92.500 92.250 
6 445 4 73.750 73.750 73. $50 

I 
I 
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variegatus), Early Life Cycle 
PMRA Submission Number (. .. . . .) EPA MRID Number, 468564-0 1 

survival 
File: 6401s Transform: NO TRANSFORMATION 

WILLIAMS TEST (Isotonic regression model) TABLE 2 OF 2 
- - - - - - - - - - -_- - - - - - - - - - - - - -b- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -b- - - - -  

ISOTONIZED CALC. SIG TABLE DEGREBS OF 
IDENTIFICATION MEAN WILLIAMS P=.05 WILLIAMS FREE  OM 

.................... ----------- ----------- ----- ----------_ ------i--__-_ 

neg control 94.500 
2 7 94.375 0.027 1.73 k= 1, v=18 
5 8 94.375 0.027 1.82 k= 2( v=18 
11 7 92.250 0.484 . 1.85 k= 31 v=18 
224 92.250 0.484 1.86 k= 4, v=18 

. 445 73.750 4.459 * 1.87 k= 5, v=18 
............................................................................ 
s = 6.581 
Note: df used for table values are approximate when v > 20. 

length 
File: 64011 Transform: NO TRANSFORM 

t-test of Solvent and Blank Controls Ho:GRPl MEAN = ~ R 9 2  MEAN 

- 
GRPl (SOLVENT CRTL) MEAN = 17.7250 CALCULATED t VALUE = 0.8704 

. GRP2 (BLANK CRTL) MEAN = 17.6000 DEGREES OF FREEDOM = 
- 

6 
DIFFERENCE IN MEANS - 0.1250 

TABLE t VALUE (0.05 (2), 6) = 2.447 NO significant difference at 
alpha=0.05 
TABLE t VALUE (0.01 ( 2 ) ,  6) = 3.707 NO significant difference at 
alpha=0.01 

length 
File: 64011 Transform: NO TRANSFORMATION 

Chi-square test for normality: actual and expected frequencies 
.............................................................................. 

INTERVAL <-I. 5 -1.5 to <-0.5 -0.5 to 0.5 >0.5 to 1.5 >1.5 

EXPECTED 1.608 5.808 
OBSERVED 0 7 

Calculated Chi-Square goodness of fit test statistic = 3.7808 
Table Chi-Square value (alpha = 0.01) = 13.277 

Data PASS normality test. Continue analysis. 
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length 
File: 64011 Transform: NO TRANSFORMATION 

Shapiro Wilks test for normality 
.............................................................................. 

Critical W (P = 0.05) (n = 24) = 0.916 
Critical W ( P  = 0.01) (n = 24) = 0.884 

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

length 
File: 64011 Transform: NO TRANSFORMATION 

Hartley test for homogeneity of variance 
.............................................................................. 

Calculated H statistic (max Var/min Var) = 5.12 
Closest, conservative, Table H statistic = 184.0 (alpha = 0.01) 

Used for Table H ==> R ( #  groups) = 6, df ( #  reps-1) = 3 
Actual values ==> R ( #  groups) = 6, df ( #  avg reps-1) = 3.00 

.............................................................................. 

Data PASS homogeneity test. Continue analysis. 

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

length 
File: 64011 Transform: NO TRANSFORMATION 

Bartletts test for homogeneity of variance 
.............................................................................. 

Calculated B statistic = 2.47 
Table Chi-square value = 15.09 (alpha = 0.01) 
Table Chi-square value = 11.07 (alpha = 0.05) 

Average df used in calculation ==> df (avg n - 1) = 3.00 
Used for Chi-square table value ==> df (#groups-1) = 5 
------------------------------------------------------,------------------------ 

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

NOTE: If groups have unequal replicate sizes the average replicate size, is 
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variegatus), Early Life Cycle 
PMRA Submission Number {......) EPA MRID Number ,468564-01 

I 

used to calculate the B statistic (see above). 

length 
File: 64011 Transform: NO TRANSFORMATION 

ANOVA TABLE 
----------_--_--------------------------------------------------------+------- 

SOURCE D F S S MS F 
.............................................................................. 
Between 5 5.952 1.190 16.528 

Within (Error) 18 1.297 0.072 
.............................................................................. 
Total 2 3 7.250 
.............................................................................. 

Critical F value = 2.77 (0.05,5,18) 
Since F > Critical F REJECT Ho:A11 groups equal 

length 
File: 64011 Transform: NO TRANSFORMATION 

DUNNETTS TEST - TABLE 1 OF 2 Ho:Control<Treatment 
............................................................................ 

TRANSFORMED MEAN CALCULATED IN 
GROUP IDENTIFICATION MEAN ORIGINAL UNITS T STAT SIG 
----- .................... ----------- ------------------ ------ --- 
1 neg control 17.725 17.725 
2 2 7 17.450 17.450 1.449 
3 5 8 16.900 16.900 4.348 * 
4 117 16.850 16.850 4.612 * 
5 224 17.100 17.100 3.294 * 
6 445 16.150 16.150 8.301 * 

-----------------------------------------------------------------------+---- 

Dunnett table value = 2.41 (1 Tailed Value, P=0.05, df=18,5) 

length 
File: 64011 Transform: NO TRANSFORMATION 

DUNNETTS TEST - TABLE 2 OF 2 Ho:Control<Treatment 
............................................................................ 

NUM OF Minimum Sig Diff % of DIFFERENCE 
GRQUP IDENTIFICATION REPS (IN ORIG. UNITS) CONTROL FROM CONTROL 
----- .................... ------- ---------------- ------- ------_ r---- 
1 neg control 4 
2 2 7 4 0.457 2.6 0.275 
3 5 8 4 0.457 2.6 0.825 
4 11 7 4 0.457 2.6 0.875 
5 224 4 0.457 2.6 0.625 
6 4 4 5 4 0.457 2.6 1.975 

.............................................................................. 
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variegatus), Early Life Cycle 
PMRA Submission Number {......I EPA MRID Number, 468564-0 1 

length 
File: 64011 Transform: NO TRANSFORMATION 

WILLIAMS TEST (Isotonic regression model) TABLE 1 OF 2 
............................................................................ 
GROUP ORIGINAL TRANSFORMED ISOTOrJIZED 

IDENTIFICATION N MEAN MEAN MEAN 
------ .................... --- -------_--- ----------- ----------- 

1 neg control 4 17.725 17.725 17.725 
2 27 4 17.450 17.450 17.450 
3 58 4 16.900 16.900 16.950 
4 117 4 16.850 16.850 161. 950 
5 224 4 17.100 17.100 16.950 
6 445 4 16.150 16.150 16.150 

----------------------------------------------------------------------&----- 

length 
File: 64011 Transform: NO TRANSFORMATION 

WILLIAMS TEST (Isotonic regression model) TABLE 2 OF 2 

ISOTONIZED CALC. SIG TABLE DEGREES OF 
IDENTIFICATION MEAN WILLIAMS P=. 05 WILLIAMS FREEDOM 

.................... ----------- ----------- ----- ----------- _ - - _ _ - _ - _ _ _ _ _  
neg control 17.725 

2 7 17.450 1.449 1.73 k= 1, v=18 
5 8 16.950 4.082 * 1.82 k= 2, v=18 
117 16.950 4.082 * 1.85 k= 3 ,  v=18 
224 16.950 4.082 * 1.86 k= 44 v=18 
445 16.150 8.296 * 1.87 k= 5+ v=18 

...................................................................... 7 - - - - -  
s = 0.268 
Note: df used for table values are approximate when v > 20. 

wet weight 
File: 6401ww Transform: NO TRANSFORM 

t-test of Solvent and Blank Controls Ho:GRPl MEAN = GRP2 MEAN 

GRPl (SOLVENT CRTL) MEAN = 68.0000 CALCULATED t VALUE = -0.8972 
GRP2 (BLANK CRTL) MEAN = 69.4000 DEGREES OF FREEDOM = 

- 
6 

DIFFERENCE IN MEANS - -1.4000 

TABLE t VALUE (0.05 ( 2 ) ,  6) = 2.447 NO significant difference at 
alpha=0.05 
TABLE t VALUE (0.01 (2), 6 )  = 3.707 NO significant difference at 
alpha=0.01 

wet weight 
File: 6401ww Transform: NO TRANSFORMATION 
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I 

Chi-square test for normality: actual and expected frequencies 
.............................................................................. 

INTERVAL <-1.5 -1.5 to <-0.5 -0.5 to 0.5 >0.5 to 1.5 >1.5 

EXPECTED 1.608 
OBSERVED 0 

----------------------------------------------------------------------k------- 

Calculated Chi-Square goodness of fit test statistic = 4.2910 
Table Chi-square value (alpha = 0.01) = 13.277 I 

Data PASS normality test. Continue analysis. 

wet weight 
File: 6401ww Transform: NO TRANSFORMATION 

Shapiro Wilks test for normality 
----------------------------------------------------------------------+------- 

Critical W ( P  = 0.05) (n = 24) = 0.916 
Critical W (P = 0.01) (n = 24) = 0.884 
.............................................................................. 

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

wet weight 
File: 6401ww Transform: NO TRANSFORMATION 

Hartley test for homogeneity of variance 

Calculated H statistic (max Var/min Var) = 31.98 
Closest, conservative, Table H statistic = 184.0 (alpha = 0.01) 

Used for Table H ==> R ( #  groups) = 6, df ( #  reps-1) = 3 
Actual values ==> R ( #  groups) = 6, df ( #  avg reps-1) = 3.00 

Data PASS homogeneity test. Continue analysis. 

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

I 
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wet weight 
File: 6401ww Transform: NO TRANSFORMATION 

Bartletts test for homogeneity of variance 
.............................................................................. 

Calculated B statistic = 7.66 
Table Chi-square value = 15.09 (alpha = 0.01) 
Table Chi-square value = 11.07 (alpha = 0.05) 

Average df used in calculation ==> df ( a v g n -  1) = 3.00 
Used for Chi-square table value ==> df (#groups-1) = 5 
.............................................................................. 

Data PASS homogeneity test at 0.01 level. Continue analysis. 

N0TE:'If groups have unequal replicate sizes the average replicate size is 
used to calculate the B statistic (see above)., I 

I 

wet weight 
File: 6401ww Transform: NO TRANSFORMATION 

I 
ANOVA TABLE I 

I ----------------------------------------------------------------------+------- 

SOURCE DF S S MS F 
_---------------------------------------------------------------------7-------  

Between 5 375.557 75.111 7.;k51 

Within (Error) 18 186.442 10.358 
.............................................................................. 

2 3 
I 

Total 562.000 
I ...................................................................... - - - - - - - 

Critical F value = 2.77 {0.05,5,18) 
Since F > Critical F REJECT Ho:A11 groups equal 

wet weight 
File: 6401ww Transform: NO TRANSFORMATION 

DUNNETTS TEST - TABLE 1 OF 2 Ho:Control<Tre 
................................................................. 

TRANSFORMED MEAN CALCULATED IN 
GROUP IDENTIFICATION MEAN ORIGINAL UNITS 
----- .................... ----------- ------------------ 
1 neg control 68.000 68.000 
2 2 7 69.275 69.275 
3 5 8 63.075 63.075 
4 117 63.250 63.250 
5 224 67.725 67.725 0.1211 
6 445 57.750 57.750 4.504 * 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - l - - - - -  

Dunnett table value = 2.41 (1 Tailed Value, P=0.05, df=18,5) I 
I 
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wet weight 
File: 6401ww Transform: NO TRANSFORMATION 

DUNNETTS TEST - TABLE 2 OF 2 Ho:Control<Treatment 
----------------------------------------------------------------------L----- 

NUM OF Minimum Sig Diff % of DI FFER~NCE 
GROUP IDENTIFICATION REPS (IN ORIG. UNITS) CONTROL FROM CONTROL 
----- .................... ------- ---------------- ------- ------------ 
1 neg control 4 
2 2 7 4 5.485 8.1 -1 1275 
3 5 8 4 5.485 8.1 4.925 
4 11 7 4 5.485 8.1 4 1750 
5 224 4 5.485 8.1 0+275 
6 4 4 5 4 5.485 8.1 10 250 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ------- t 

wet weight 
File: 6401ww Transform: NO TRANSFORMATION 

WILLIAMS TEST (Isotonic regression model) TABLE 1 OF 2 
----------------------------------------------------------------------+----- 

GROUP ORIGINAL TRANSFORMED ISOTOP~IZED 
IDENTIFICATION N MEAN MEAN ME N 

------ .................... --- ----------- ----------- -- -3 ----- 
1 neg control 4 68.000 68.000 68 1638 
2 27 4 69.275 69.275 68 638 
3 58 4 63.075 63.075 64 4 683 
4 117 4 63.250 63.250 64 J 683 
5 224 4 67.725 67.725 64 4 683 
6 445 4 57.750 57.750 57.750 

----------------------------------------------------------------------A----- 

wet weight I 

File: 6401ww Transform: NO TRANSFORMATION I 

WILLIAMS TEST (Isotonic regression model) TABLE 2 OF 2 
I ----------------------------------------------------------------------+----- 

ISOTONIZED CALC. SIG TABLE DEGREqS OF 
IDENTIFICATION MEAN WILLIAMS P=. 05 WILLIAMS FREEYOM 

.................... ----------- ----------- ----- ----------- ------+------ 
I 

neg control 68.638 
2 7 68.638 0.280 1.73 k= 1, v=18 
5 8 64.683 1.457 1.82 k= 2, v=18 
117 64.683 1.457 1.85 k= 3, v=18 
224 64.683 1.457 1.86 k= 4, v=18 
4 4 5 57.750 4.504 * 1.87 k= 5, v=18 

...................................................................... ----- 
I 

s = 3.218 I 

Note: df used for table values are approximate when v > 20. I 
I 
I 

dry weight 
File: 6401dw Transform: NO TRANSFORM 
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t-test of Solvent and Blank Controls Ho:GRPl MEAN = GRP2 MEAN 
.............................................................................. 

GRPl (SOLVENT CRTL) MEAN = 16.0750 CALCULATED t VALUE = 0.6846 
GRP2 (BLANK CRTL) MEAN = 15.8500 DEGREES OF FREEDOM = 6 
DIFFERENCE IN MEANS - - 0.2250 

TABLE t VALUE (0.05 (2), 6) = 2.447 NO significant difference at 
alpha=0.05 
TABLE t VALUE (0.01 ( Z ) ,  6) = 3.707 NO significant difference at 
alpha=0.01 

dry weight 
File: 6401dw Transform: NO TRANSFORMATION 

Chi-square test for normality: actual and expected frequencies 
----------------------------------------------------------------------*------- 

INTERVAL <-I. 5 -1.5 to <-0.5 -0.5 to 0.5 >0.5 to 1.5 >1.5 

EXPECTED 1.608 5.808 9.168 5.808 1.608 
OBSERVED 0 6 lo, 8 0 

.............................................................................. 
Calculated Chi-square goodness of fit test statistic = 4.1251 
Table Chi-Square value (alpha = 0.01) = 13.277 

Data PASS normality test. Continue analysis. 

dry weight 
File: 6401dw Transform: NO TRANSFORMATION 

Shapiro Wilks test for normality 
.............................................................................. 

I 

D = 7.950 

Critical W (P = 0.05) (n = 24) = 0.916 
Critical W (P = 0.01) (n = 24) = 0.884 

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

dry weight 
File: 6401dw Transform: NO TRANSFORMATION 

Hartley test for homogeneity of variance 
- - - - - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - l - - - - - - -  
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Calculated H statistic (max Var/min Var) = 3.98 
Closest, conservative, Table H statistic = 184.0 (alpha = 0.01) 

Used for Table H ==> R ( #  groups) = 6, df ( #  reps-1) = 3 
Actual values ==> R (#groups) = 6, df (#avgreps-1) = 3.00 

Data PASS homogeneity test. Continue analysis. 

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

dry weight 
File: 6401dw Transform: NO TRANSFORMATION 

Bartletts test for homogeneity of variance 
----------------------------------------------------------------------+------- 

Calculated B statistic = 2.27 
Table Chi-square value = 15.09 (alpha = 0.01) 
Table Chi-square value = 11.07 (alpha = 0.05) 

Average df us2ed in calculation ==> df (avg n - 1) = 3.00 I 

Used for Chi-square table value ==> df (#groups-1) = 5 
----------------------------------------------------------------------*------- 

Data PASS homogeneity test at 0.01 level. Continue analysis. 

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

dry weight 
File: 6401dw Transform: NO TRANSFORMATION 

ANOVA TABLE 

SOURCE D F SS MS 
I ----------------------------------------------------------------------*------- 

- Between 5 27.823 5.565 12.590 

Within (Error) 18 7.950 0.442 
--------L-------------------------------------------------------------A------- 

Total 2 3 35.773 I 

Critical F value = 2.77 (0.05,5,18) 
Since F > Critical F REJECT Ho:A11 groups equal 

~ 
I 

dry weight 
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File: 6401dw Transform: NO TRANSFORMATION 

DUNNETTS TEST - TABLE 1 OF 2 Ho:Control<Treatment 
-------------___---------------------------------,--------------------------- 

TRANSFORMED MEAN CALCULATED IN 
GROUP IDENTIFICATION MEAN ORIGINAL UNITS T STAT SIG 
----- .................... ----------- ------------------ ----- ,- --- 
1 neg control 16.075 16.075 
2 2 7 15.600 15.600 1.010 
3 5 8 14.000 ' 14.000 4.414 * 
4 11 7 14.575 14.575 3.19i * 
5 224 15.725 15.725 0.745 
6 4 4 5 13.025 13.025 6.489 * 

----------------------------------------------------------------------*----- 
Dunnett table value = 2.41 (1 Tailed Value, P=0.05, df=18,5) 

dry weight 
File: 6401dw Transform: NO TRANSFORMATION 

DUNNETTS TEST - TABLE 2 OF 2 Ho:Control<Treatmenb 
............................................................................ 

NUM OF Minimum Sig Diff % of DIFFER~NCE 
GROUP IDENTIFICATION REPS (IN ORIG. UNITS) CONTROL FROM C~NTROL 
----- .................... ------- ---------------- ------- ------*----- 
1 neg control 4 
2 2 7 4 1.133 7.0 0 .I 475 
3 5 8 4 1.133 7.0 2 075 
4 11 7 4 1.133 7.0 1 .I 500 
5 224 4 1.133 7.0 0 .1350 
6 445 4 1.133 7.0 3.050 

...................................................................... 
7- - - - - - -  

dry weight 
File: 6401dw Transform: NO TRANSFORMATION 

WILLIAMS TEST (Isotonic regression model) TABLE 1 OF 2 
............................................................................ 
GROUP ORIGINAL TRANSFORMED ISOTO~~IZED 

IDENTIFICATION N MEAN MEAN MEAN 
------ .................... --- ----------- ----------- -----*----- 

1 neg control 4 16.075 16.075 16.075 
2 27 4 15.600 15.600 15.600 
3 58 4 14.000 14.000 14.767 
4 117 4 14.575 14.575 14.767 
5 224 4 15.725 15.725 14 .1767 
6 445 4 13.025 13.025 13 .lo25 

----------------------------------------------------------------------+----- 

dry weight 
File: 6401dw Transform: NO TRANSFORMATION 
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WILLIAMS TEST (Isotonic regression model) TABLE 2 OF 2 

ISOTONIZED CALC. SIG TABLE DEGREES OF 
IDENTIFICATION MEAN WILLIAMS P=.05 WILLIAMS FREEDOM 

.................... ----------- ----------- ----- ----------- -_---__-_____ 
neg control 16: 075 

2 7 15.600 1.011 1.73 k= 1, v=18 
5 8 14.767 2.784 * 1.82 k= 2, v=18 
117 14.767 2.784 * 1.85 k= 3, v=18 
22 4 14.767 2.784 A 1.86 k= 4; v=18 
4 4 5 13.025 6.490 * 1.87 k= 51 v=18 

s = 0.665 
Note: df used for table values are approximate when v > 20. 
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APPENDIX 2: COPY OF REVIEWER'S TWA CALCULATIONS: 

Nominal Concentration (ug ai/L) Time (Day) 
Measured Concentration 

(ug/L) 
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