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EXECUTIVE SUMMARY

Background

Tetra Tech EBA Inc. (Tetra Tech EBA) was retained by City of Nanaimo (CON) to complete a Detailed Risk
Assessment (DRA) of the marine water lot portion of a CON land parcel located at 1 Port Drive in Nanaimo, BC
(“the Property”). Tetra Tech EBA recommended the DRA work be completed on the water lot (herein referred to
as “the Site) to facilitate future re-development of the whole Property.

The objective of the DRA was to determine if there were any unacceptable risk to either human or ecological
receptors posed by the sediment contamination identified previously on the Site. This DRA takes a moderately
conservative approach, based on all available Site-specific information obtained through both the previous
investigations and the specific works conducted during this assessment. Using this approach, there is high
certainty that risks have not been underestimated.

The DRA was generally conducted in accordance with the BC Ministry of Environment (MOE) policies and
guidance but did not include sampling/testing or assessment of any potential related sediment contamination that
may exist beyond the Site boundaries, which may be required if a BC MOE legal instrument is ever required by
the CON in the future.

Overall DRA Conclusions

For this DRA, the risks posed by sediment contamination to humans and ecological receptors based on the
current Site uses and conditions were evaluated. It was determined that there is no operable pathway for human
exposures to sediment contamination and therefore human health risks did not require quantification.

Risks to aquatic vegetation, invertebrates, birds and mammals and fish were assessed in detail using various
lines of evidence.

The overall findings of the risk assessment indicated that the human health and ecological risks posed by the
sediment contamination present on the Site are negligible.

This risk assessment is based on the following key assumptions:
= Current Site uses and conditions as an active commercial/industrial harbour; and
= No seafood for human consumption is collected from the Site.

If uses and conditions of the Site are modified significantly from that assumed in this report during future
development, an update to this risk assessment may be required.

In addition, the risk assessment addresses contamination within the Site boundary only. Potential risks to off-Site
receptors were not evaluated during this DRA.

TETRATECH EBA

City of Nanaimo DRA Report.docx



u
Organizational Quality

DETAILED RISK ASSESSMENT OQM N agement Drostar
FILE: ENVIND03511-02 | OCTOBER 2015 | ISSUED FOR USE
TABLE OF CONTENTS
EXECUTIVE SUMMARY .ottt et e e et e e et et e e e ettt e e e e et e e e eaba e e e e enannans [
1.0 INTRODUCTION ...ttt ettt ettt e e ettt oo e et ha e e e et et e e e e e bba s e e et et e e e e eeba e aaeetanas 1
2.0 BACKGROWUND ...t e ettt e e et et e e e ettt e e e e e ta e e e ettt e e ettt e e aeebaaaaaae 1
A R S 1 (-3 B T ES Yot ] o 1o PP PPSUPPPPPRN 1
2.2 SIEE HISEOIY ettt oo ettt oo e e e e et et e e et e e e e e ettt ba e e e e eeeeaebba e e aaaaaeaaes 1
2.3 Site CharacteriStiCS @nd LAYOUL.........cccoiiiiiiiii ettt e e e e e e e eeba e e e e e e eeeeesbaa e aaeaaaeennes 2
2.4 Previous Site INVESHJALIONS .......uutiii ettt ettt e e e e e e e ettt e e e e e e e eeessban e e aaaaaeennes 2
2.4.1 Detailed Site INVESHGALION .........ueiiieeiie ittt e e e e et e ta e e e e e eeeeeeaaann s 2
2.4.1.1 ApPlicable STANUArAS .........ooi oot 2
2.4.1.2 Sediment CharaCteriZation.............cuuuviiiiiiiiiiiiiii e 3
2.4.1.3 Detailed Site Investigation Findings and Conclusions...............cccoveviiiiiinieeeeeeeeeinne. 3
2.5 HEAIN @NA SAFELY .....eeeiiiie et e e et b e e e e e e e ab e aaaaeaae 4
3.0 RISK ASSESSMENT PROGCESS ... .ottt e et e et eaeeaa e aaees 5
3.1 RiSK ASSESSMENT MEINOUS ........uuuuiiiiiiiiiiitiitibbbbb bbb e e e e e e e e e e e e e e e eeeeeeeeeeeeees 5
3.1.1  Problem FOrMUIATION ...........uuiiiiiiiiiiiiiiiibiibbebbe bbb e e e e e e e e eeeeeeeeeees 6
3.1.2  EXPOSUINE ASSESSIMIENT ... ceuiieiitiieeeett e e et e ettt ettt e ettt e e e et e e e eata e e e eeaa e e eeeaa e eeeennnaeeennnnnns 6
3.1.3  TOXICItY/EffECIS ASSESSMENT ...ttt e e e et et e e e e e e eeeeaaaaan s 6
3.1.4  RISK ChAraCteriZALION ..........uuuuuuuuuuiietiiiititettteeeeeeeeeeeebe e s e b s sse e ss s e s se e s e e e s e e e e e eeeeeeeeeeeees 6
3.2 RiSK ASSESSIMENT GUITANCE .......uuuuiiiiiiiiiiiittitttttebeebbre bbb es s s s e ee e e s s e e e e e e ee e e e e e e e eeeeeeeeeeeeeeees 7
4.0 DETAILED RISK ASSESSIMENT ...ttt ettt e et e ettt e e e e aat e aaenaans 7
o R | 1o 1o (U1t 1o o DO TR PRTTPRPRTTTN 7
4.2 Problem FOIMUIBTION. ..o bbb 7
4.2.1  ContaminantS Of CONCEIM ......cooiiiiiiee e 8
4.2.2  Selection of RECEePLOrs Of CONCEIM ......uuuuiiii ittt e e 10
4.2.2.1 HUMAN RECEPLOIS. ...ttt e et e e e et e e e e ea e e e eesa e eeeenans 10
4.2.2.2 ECOIOQICAI RECEPIOIS ...ttt e e e et e e e e e eeannaan s 10
4.2.3 Exposure Pathway ldentification and SCreeNiNg...........ccoueeuuiiiiiiieiiiiiiiie e 13
4.2.3.1 Human EXposure PathWays ............coooiiiiiiiiiiii e 13
4.2.3.2 Ecological EXpoSure PatNWays ...........cooiiiiuiiiiiiiiiiiieiiii e 14
4.2.3.3 Summary of Exposure Pathway Evaluation.............cccoeeeiiiiiiiiiiiiiii e 15
4.2.4 Conceptual EXPOSUIe MOEL........coooiiiiiiiiiiei e 15
4.2.5 DRA BAaSIS AN APPIOACK ......uiiiieeie ettt 15
4.2.5.1 ManagemMeENt GOAI .........uiiiiiiiiiiiiie ettt a e eaaa s 15
4.2.5.2 Protection Goals and Acceptable Effects Levels...........coooviiiiiiiiiiiiiiieeeiin 16
4.2.5.3 Assessment ENAPOINTS .......ooooiiiiiiiii e 16
4.2.5.4 RISK HYPONESES ... .ottt e e e e ana s 16
4.2.5.5 Measurement Endpoints and Lines of EVIdeNncCe............ccoooevviiiiiiiiiiieeeeieeeiiieen 17
4.2.6  DRA ANAIYSIS PLAN ... e 20
4.2.6.1 Assessment of Risks to the Aquatic Macrophyte Community...............ccceevvvunnnnnnn. 20
4.2.6.2 Assessment of Risks to the Benthic Invertebrate Community .............ccceevvvvinnnnn. 23

City of Nanaimo DRA Report.docx

TETRATECH EBA



oM

u
Organizational Quality

DETAILED RISK ASSESSMENT

Management Program FILE: ENVIND03511-02 | OCTOBER 2015 | ISSUED FOR USE

4.2.6.3 Assessment of Risks to Fish Populations ..o 26

4.2.6.4 Assessment of Risks to Bird and Mammal Populations .............cccccceeieiiiiiiiiiiinnnnn. 26

4.3 RISK ASSESSMENT SAMPIING .....uuiiieiieiiiii ettt e e e e e et et b e e e e e e eeeeaba e e e e eaaeeenbeann s 26

4.3.1 Sediment Sampling for TOXICItY T@SHNG .. ..eeeiiieiiiiii e 26

4.3.2  Sediment TOXICITY TESHING. ... ..iieeeiiiiiiiiii e ee ettt e et e e e e et etea e e e e e e e eeesana e aeaaas 28

4.3.2.1 10-day Marine Amphipod SUrvival...............uuoiiiiiiiii e 28

4.3.2.2 20-day Polychaete Survival and Growth.............ccooiiiiiiiiiiiiiii e 29

4.3.2.3 48-hour Bivalve Larval Development in Sediment Elutriate................ooooveviviiinnnnn. 29

4.3.2.4 ChemiCal ANAIYSIS .....ouuiiie ettt e e a s 29

4.3.3  TISSUE SAMPIING. ... ittt e e e e ettt e e e e e e e e eebtba e e e e e e e eeesana e aaaaas 30

4.4 EXPOSUIE ASSESSITIENL ......uiiiiiiiieeeett et e ettt e e ettt e ettt r e et et e e e eeaa e eeeeaa e eaeeaaaeeessaaeeesanaeaeesnnaaaaes 30

441  MEASUIES Of EXPOSUIE. ...cceitiuii ettt ettt e e e ettt e e e e e e e et abbba e e e e e e eeeesanaaeaeaaas 30

4.4.1.1 AQUALIC MACIOPNYLIES ......iiiiiiiieiie ettt e ettt e e e e eeaenaa s 30

4.4.1.2 BenthiC INVEIEDIateS ........uuiiiiiiiiiiiiiiiiie e eeeeeees 31

4.4.1.3 BirdS/MaMIMAIS ... .ueuuuutiieiiitiieietteieeeeeeeeeeeeeeeeseeee e eeee s sesssessssssseeesesee s e e e e e e e e e e e e e e eeeees 33

4.5 TOXICIY/EffECIS ASSESSIMEBNT. ... . i eeiieeiitit ettt e et e ettt e e e e e e et et aa e e e e e eeeeetbna e e e aeaeeennbennnes 35

4.5.1 MeaSUIeS Of EffECIS.....ccci i 36

4.5.1.1 AQUALIC MACIOPNYLES ......uiiieiiieiiiiee et e e et e e e e eeaanaan s 36

4.5.1.2 BenthiC INVEIEDIateS ........uuiiiiiiiiiiiiiiiie e eeeeees 37

4.5.1.3 BirdS/MaMIMAIS ... ..uuueutiieiiiniitieieieteeeteeeeeaeeeesaeeasseeesesssessssssssssssseeeseeeeseeeeeeeeeeeeeeeeeees 42

4.6 RISK CRAraCteriZatiON.........cceeiiiiiee i 43

4.6.1  AQUALIC MACIOPNYLES ... ..eiiitiiie ettt e e e e e e et ea e e e e e e e e eeesaaa e aeeaas 44

4.6.2 BenthiC INVErEDIates ......ccooi i 46

TR T T o T PP U PP PUR PP 49

4.6.4  BirdS/IMamMIMAIS .....cooiiiiiiiee e 49

5.0 DRA UNCERTAINTY ASSESSMENT ...ttt et e et e e e ane e aees 50

5.1 Data Collection/Evaluation UNCEIMAINTIES...........uuuuuurrriiiiiiiiiiiitiiiiieiieeeeeeeseesseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees 51

5.2  Exposure ASSeSSMENT UNCEIAINTIES ......ccuuuuuuiieeeiieeiiiit e e ettt e e e e e eeeeti e e e e e eeeeeabna e e e aaaeeeenes 51

5.2.1 Exposure Point Concentrations and Exposure Estimate Uncertainties ..............ccccuvvvunnnnnn. 51

5.2.2 Wildlife Diet Model UNCEIMAINTIES ...........uuuuuuuiiiiiiiiiiiiiiiiiiiieiirieeeereeeeeeeeeeeseeeeeeeeeeeeeeeeeeeeeeeeees 51

5.3  Effects ASSESSMENt UNCEITAINTIES ........uuuuuuuiueitiiiiiiriiiiiiieiitreeeeeeeeeeeeeseesssss s eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees 51

5.4  Risk Characterization UNCEIMAINTIES. ...........uuuuuutiiiiiiiiiiiiiiiiiiiiieeiieesseeeeeeeese e eeeeeeeeeeereeeeeeeeeeeeeeees 52

541 LOE WeEIGNTINGS - ettt e e ettt a e e e e e e e e e eebaa e e e e e e eeenneaann s 52

5.4.2 Applying Benthic Invertebrate and Plant Risk Results to Fish (LOE 3a)............cccoevviuvnnnnnnn. 52

6.0 CONCLUSIONS ...t e oo ettt e e e et b e e et e et e e e e ett e e e e eaba e aaeebanaaaaees 52

7.0 QUALIFICATIONS OF ASSESSORS ...t e et aeaa e aees 53

8.0 CLOSURE ... ittt e et e et e e et h e et e e e ettt e ettt e e e et aaaea 54

REFERENCES ... .ot oottt e e ettt e e e et bh e e e ettt e e e ettt e e e eata e e aeeta e eeeeeans 55
1

TETRATECH EBA

City of Nanaimo DRA Report.docx



u
Organizational Quality

DETAILED RISK ASSESSMENT OQM

Management Program

FILE: ENVIND03511-02 | OCTOBER 2015 | ISSUED FOR USE
LIST OF TABLES IN TEXT
Table A: DSI Sediment Sample LOCALIONS ........cccoiiiiiiiiii e 3
Table B: DSI FINAINGS fOr the SIte.....coooieeeeeeee 4
Table C: Statistical Summary of Contaminant Concentrations Identified in Site Surface Sediments - DSI8
Table D: COC Screening for Human Health..............oooo e 9
Table E: Ecological Receptors fOr the DRA. ... e e e e e e e e e e e 13
Table F: Summary of Complete EXposure PathWays ..........cooooriiiiiiiiiiii 15
Table G: Receptors, Assessment Endpoints, Risk Hypotheses, Measurement Endpoints and LOE used

LRI B Y TP P PP PP PPPPPPPPPP 18
Table H: Scheme Used to Rank the Magnitude of Effect/Hazard in the Two LOEs for the Aquatic

Macrophyte COMMUNILY ... ..ottt e e e e et et e e e e e e e eeeneennn o 20
Table I: LOE Weighting Factors — Aquatic Macrophyte COMMUNILY ...........cceovrriiiiiiiiiiieeeeeeeeiiiiiaae e 22
Table J: Scheme Used to Rank the Magnitude of Effect/Hazard in the Three LOE for Benthic

Invertebrate CoOMMUNILY........cooi i e e 23
Table K: LOE Weighting Factors — Benthic Invertebrate Community ..o, 25
Table L: Previous Investigations and DRA TeSt LOCAtIONS .........ccooviiiiiiiiiiiie e 27
Table M: Aquatic Macrophyte Exposure Point Concentrations - Plant TiSSUES..........ccoeeevvviiiiiiiiiineeenn. 31
Table N: Benthic Invertebrate Exposure Point Concentrations - Sediment..............cccooeeeeeeiieeeeee, 32
Table O: Benthic Invertebrate Exposure Point Concentrations - Crustacean TiSSU€..............ceeeeeeennn.. 32
Table P: Benthic Invertebrate Exposure Point Concentrations - Mollusk TiSSU€............coovviiiiiiiiiineeenn. 33
Table Q: Estimated Daily COC Intakes — River Otter and LeSSer SCaup...........cccooevevieiiiiiiiiiieeeeeeeeeenn 34
Table R: Summary of Toxicity Reference Values - Plant TISSUE ..., 36
Table S: Summary of Toxicity Reference Values - Sediment............cccooiii, 37
Table T: Summary of Toxicity Reference Values - Crustacean TiSSUE..........ccoeeeiiiiiiiiiiiiiiieiieeeeeeeeen 38
Table U: Summary of Toxicity Reference Values - Mollusk TiSSUE...........ccoooiiiiiiiii, 39
Table V: Results of 10-day Amphipod Survival Test on Eohaustorius estuarius...........cccoeeevvevciieneeenn.. 40
Table W: Results of 20-day Polychaete Survival and Growth Test on Neanthes arenaceodentata —

SUNVIVAL ENAPOINT. ... e 41
Table X: Results of 20-day Polychaete Survival and Growth Test on Neanthes arenaceodentata —

L€ 01T T = g T | oo o | 41
Table Y: Results of 48-hour Bivalve Larval Development Test on Mytilus galloprovincialis — Normal

(DSAVZ=] (o] o] 4= 01 0 =t 0o | o To 1| 42
Table Z: Summary of Toxicity Reference Values - Birds and Mammals.................ccccooooiii, 43
Table AA: Hazard Quotients for AQUAtIC PIantS..........ooooiiiiiiiiii e 45
Table AB: Summary of Magnitude of Effect/Hazard for Aquatic Plant LOES ..., 45
Table AC: Hazard Quotients for Benthic Invertebrates — Sediment Chemistry ............ccccoeeeeiiiiieeen. 46
Table AD: Hazard Quotients for Benthic Invertebrates — Crustacean TiSSUE ........ccccvvvvevviiiiiieriiiiniennnns 47
Table AE: Hazard Quotients for Benthic Invertebrates — Mollusk TiSSUE..........cccooeeviiiiiiiiiiiiin e, 48
Table AF: Summary of Magnitude of Effect/Hazard for Marine Benthic Invertebrate LOEs.................. 48
Table AG: Hazard Quotients for Mammals and BirdS...........ccooiiiiiiii it 50

TETRATECH EBA

City of Nanaimo DRA Report.docx



Organizational Quality DETAILED RISK ASSESSMENT

OQM Management Program FILE: ENVIND03511-02 | OCTOBER 2015 | ISSUED FOR USE
APPENDIX SECTIONS

TABLES

Table 1 DSI Sediment Analytical Results — PAHs

Table 2 DSI Sediment Analytical Results - Metals

Table 3 Statistical Summary — DSI (Sediment)

Table 4 DRA Sediment Analytical Results — Particle Size Analysis

Table 5 DRA Sediment and Porewater Analytical Results - TOC, Ammonia and Sulphide
Table 6 DRA Sediment Analytical Results - Polycyclic Aromatic Hydrocarbons
Table 7 DRA Sediment Analytical Results - Total Metals

Table 8 DRA Tissue Analytical Results

Table 9 Statistical Summary- DSI and DRA (Sediment)

FIGURES

Figure 1 Site Location Plan

Figure 2 Site Plan with DSI Test Locations

Figure 3 DSI Sediment Analytical Results

Figure 4 Conceptual Exposure Model — Current Land Use

Figure 5 DRA Tissue Analytical Results

Figure 6 DRA Sediment Analytical Results — Reference Locations

Figure 7 DRA Sediment Analytical Results — Site Locations

APPENDICES

Appendix A Tetra Tech EBA’s General Conditions

Appendix B Maxxam Analytical Results — Sediment Data Used in the DRA
Appendix C  ProUCL Statistical Output

Appendix D Dive Survey Results

Appendix E  Ecological Information

Appendix F LOE Attribute Scores and Rationale

Appendix G Maxxam Analytical Results — Toxicity Testing Report

Appendix H  Wildlife Diet Model and Sample Calculation for Wildlife Exposure
Appendix | TRV Details

Appendix J  Protocol 20 Checklist

TETRATECH EBA

City of Nanaimo DRA Report.docx



u
Organizational Quality
Management Program

DETAILED RISK ASSESSMENT OQM
FILE: ENVIND03511-02 | OCTOBER 2015 | ISSUED FOR USE

ACRONYMS & ABBREVIATIONS

AEC(s) Area(s) of Environmental Concern

AEL Acceptable Effect Level

APEC(s) Area(s) of Potential Environmental Concern

AW Aquatic Life

BTEXS Benzene, Toluene, Ethylbenzene, Xylenes, and Styrene
BAF Bioaccumulation Factor

BCF Bioconcentration Factor

BGS Below Ground Surface

CBR Critical Body Residues

CCME Canadian Council of Ministers of the Environment

CEM Conceptual Exposure Model

COC(s) Contaminant(s) of Concern

CofC Certificate of Compliance

CON City of Nanaimo

COSEWIC Committee on the Status of Endangered Wildlife in Canada
CSAP Society of Contaminated Sites Approved Professionals of British Columbia
CSR Contaminated Sites Regulation

DRA Detailed Risk Assessment

DSI Detailed Site Investigation

Eco-SSL Ecological Soil Screening Level

EDXX Effective Dose that produces an effect in XX% of the population
EMA Environmental Management Act

ERED Environmental Residue-Effects Database

EPC Exposure Point Concentration

FCSAP Federal Contaminated Sites Action Plan

HC Health Canada

HQ Hazard Quotient

HWR Hazardous Waste Regulation

LANL Los Alamos National Laboratory

LCXX Lethal concentration in which XX% of the population dies
LDXX Lethal dose in which XX% of the population dies

LOE(s) Line(s) of Evidence

LOAEL Lowest Observed Adverse Effect Level

LOED Lowest Observed Effect Dose

Log Kow Log Octanol-Water Partition Coefficient

PCOC Potential Contaminants of Concern

NOAEL No Observed Adverse Effect Level

NOED No Observed Effect Dose

MOE Ministry of Environment

OoM Organic Matter

PAH Polycyclic Aromatic Hydrocarbon

PSA Particle Size Analysis

PHCs Petroleum Hydrocarbons

Vi
TETRATECH EBA

City of Nanaimo DRA Report.docx



oM

PSEP
PSI
ROC(s)
SABCS
SNC
Tetra Tech EBA
TG7
TOC
TRG
TRV
UCLM
USEPA
WOE

City of Nanaimo DRA Report.docx

u
Organizational Quality
Management Program

DETAILED RISK ASSESSMENT
FILE: ENVIND03511-02 | OCTOBER 2015 | ISSUED FOR USE

Puget Sound Estuary Program

Preliminary Site Investigation

Receptor(s) of Concern

Science Advisory Board for Contaminated Sites
SNC-Lavalin

Tetra Tech EBA Inc.

Technical Guidance Document 7

Total Organic Carbon

Tissue Residue Guideline

Toxicity Reference Value

Upper Confidence Limit of the Arithmetic Mean
United States Environmental Protection Agency
Weight of Evidence

Vii
TETRATECH EBA



u
Organizational Quality ©
Management Program

DETAILED RISK ASSESSMENT OQM
FILE: ENVIND03511-02 | OCTOBER 2015 | ISSUED FOR USE

LIMITATIONS OF REPORT

This report and its contents are intended for the sole use of the City of Nanaimo and their agents. Tetra Tech EBA Inc. (Tetra
Tech EBA) does not accept any responsibility for the accuracy of any of the data, the analysis, or the recommendations
contained or referenced in the report when the report is used or relied upon by any Party other than the City of Nanaimo, the
BC Ministry of Environment, or for any Project other than the proposed development at the subject site. Any such unauthorized
use of this report is at the sole risk of the user. Use of this report is subject to the terms and conditions stated in Tetra Tech
EBA'’s Services Agreement. Tetra Tech EBA’s General Conditions are provided in Appendix A of this report.
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1.0 INTRODUCTION

Tetra Tech EBA Inc. (Tetra Tech EBA) was retained by City of Nanaimo (CON) to complete a Detailed Risk
Assessment (DRA) of the marine water lot portion of a CON land parcel located at 1 Port Drive in Nanaimo, BC
(“the Property”). Tetra Tech EBA recommended the DRA work be completed on the water lot (herein referred to
as “the Site) to facilitate future re-development of the whole Property.

The objective of the DRA was to determine if there were any unacceptable risk to either human or ecological
receptors posed by the sediment contamination identified previously on the Site. This DRA takes a moderately
conservative approach, based on all available Site-specific information obtained through both the previous
investigations and the specific works conducted during this assessment. Using this approach, there is high
certainty that risks have not been underestimated.

The DRA was generally conducted in accordance with the BC Ministry of Environment (MOE) policies and
guidance but did not include sampling/testing or assessment of any potential related sediment contamination that
may exist beyond the Site boundaries, which may be required if a BC MOE legal instrument is ever required by
the CON in the future.

2.0 BACKGROUND

2.1 Site Description

The Property is zoned CS3 for mixed commercial service use, which provides for transportation terminals, depots,
corridors and other required infrastructure. The Site itself is zoned W2 for waterfront use which provides for active
marine uses, such as ship yards, fishing fleet support, float homes, moorage and water-based transportation.

The cartographic co-ordinates for the approximate centre of the whole Property are:

= Latitude: 49°09’ 50.3” North

= Longitude: 123° 55’ 50.7” West

Figure 1 shows where the Property and Site are located, and Figure 2 shows the current Site layout.

The legal description for the whole Property including the Site is as follows:

= Parcel Identification Number (PID): 029-036-500

= Lot A, Section 1, and Part of the Bed of the Public Harbour of Nanaimo, Nanaimo District Plan EPP27507
2.2 Site History

The current Property boundaries were established through a subdivision of the larger Canadian Pacific Railway
Wellcox Yard completed by the CON after their purchase in 2013. The Property still contains a portion of the
active rail yard plus a number of associated freight transportation and distribution related commercial and
industrial operations.

The Property has a long history of industrial activity, dating from the nineteenth century. The Property was first
developed by the Vancouver Coal Mining and Land Company in the late 1800s as a coal processing and shipping
terminal for their nearby mining operations. The entire Property, with the exception of two small areas located
along the northern boundary and the southwestern corner of the Property was originally occupied by waters of
Nanaimo Harbour at that time, based on old mapping and other historical information. As development of the

1
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Property continued, the shoreline was modified by infilling the marine area with coal mining waste, dredged fill
from the Nanaimo Harbour, and other fill materials from unknown sources.

The Property changed ownership several times during the early 1900s but continued to be utilized for coal
processing and offshore export until 1953, when all such operations ceased and the lands sold to Canadian
Pacific Rail (CPR). CPR then developed the Property for use as a central hub for freight on Vancouver Island by
constructing a rail yard operation (known as the Wellcox Yard) and an associated ferry transport terminal. CPR
leased out several parcels of the unused portions of their Wellcox Yard to sawmills, transportation companies,
marine industry, and other tenants during their ownership of the Property.

2.3 Site Characteristics and Layout

The water lot portion of the Property (the Site) is located within Nanaimo harbour on the northeast section of the
Property. An area of the Site is currently leased by Seaspan Marine Corporation (Seaspan) and is used for freight
distribution and transportation services. See Figure 2 for the current Site layout.

Access to the sediment on the Site by humans was considered limited as the upland area of the Property has a
perimeter fence and is monitored by a security firm that restricts all public access. Site sediments are either
subtidal or covered by a layer of rip rap. See Figure 2 for the marked intertidal area of the Site which is estimated
to be an area of 1,000 m2and located in the southwest area of the Site.

2.4 Previous Site Investigations

Tetra Tech EBA completed a Stage 1 Preliminary Site Investigation (PSI) for the Property in 2014 which assessed
the current and historical land uses on the Property and surrounding sites (Tetra Tech EBA 2014). The
Stage 1 PSI reviewed all previous historical and subsurface environmental investigations and reports conducted
for the Property between 1998 and 2009. Based on the information reviewed, Tetra Tech EBA identified six
known Areas of Environmental Concern (AECs) and six Areas of Potential Environmental Concern (APECs). One
of the AECs identified was documented impacted sediments located on the Site. The contaminants of concern
(COCs) identified in sediments on the Site during the Stage 1 PSI (historically documented by SNC Lavalin
Environmental (SNC)) were a number of select Polycyclic Aromatic Hydrocarbon (PAH) parameters including
2-methylnaphthalene, acenaphthene, acenaphthylene, anthracene, fluorene, naphthalene, phenanthrene,
benzo(a)anthracene, chrysene, fluoranthene, pyrene and benzo(a)pyrene.

After the Stage 1 PSI was completed, Tetra Tech EBA recommended that a Detailed Site Investigation (DSI) to
meet the BC Environmental Management Act’'s Contaminated Site Regulation (CSR) reporting requirements be
conducted in order to determine more accurately the concentrations and extent of the COCs within all known
AECs and also to investigate all potential contaminants of concern (PCOC) associated with all identified APECs
on the Property.

2.4.1 Detailed Site Investigation
2.4.1.1 Applicable Standards

The DSI laboratory results were compared to the applicable numerical standards and criteria stipulated in the
BC CSR (B.C. Reg. 375/96, including amendments up to January 31, 2014).

Criteria for both sensitive and typical sediment are regulated under Schedule 9 of the CSR and were developed
for the protection of aquatic life only. Since the Site is located within an active industrial/commercial marine
harbour, the less stringent quality criteria from Schedule 9 for typical marine/estuarine sediments, were
considered applicable to sediments during the DSI.
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2.4.1.2 Sediment Characterization

During the DSI, Tetra Tech EBA conducted two sediment sampling events, one in September 2014 and a follow-
up in November 2014 on the Site. In September 2014, Tetra Tech EBA collected 18 shallow sediment samples
(14SEDO1 to 14SEDO018) using a ponar device to assess the horizontal extent of the previously identified surficial
sediment contamination across the Site. Sediment samples were selected for laboratory analysis based on the
primary COCs associated with the marine AEC (polycyclic aromatic hydrocarbons (PAHs)) and one PCOC
(metals).

In November 2014, Tetra Tech EBA collected 6 deeper subsurface sediment samples (14SED19 to 14SED?24)
using a sonic drill rig to assess the vertical extent of surficial sediment contamination from PAHs previously
identified across the Site. In addition, four surficial sediment samples (14SED23A to 14SED23D) were collected in
four directions from 14SEDO4 to try and assess the aerial extent of the potentially “high risk” PAH concentrations
found at this specific sample location during the September 2014 investigation. During deeper drilling sediment
samples were collected in 0.5 m intervals to a maximum depth of 2 metres below the top of the sediment layer.
Sediment samples collected in November 2014 were all analyzed for PAHs since these were the only parameters
identified as COCs after the completion of the September 2014 event.

The DSI sediment sampling program is summarized in more detail in the table below and sample locations shown
on the attached Figure 2.

Table A: DSI Sediment Sample Locations

Stage 1 PSI Findings DSI Sampling Locations
AEC Issue Test Location Rationale
14SEDO1 to 14SED18 Surficial samples at 30 m to 50 m grid
and 14SED23 spacing

Sediment with PAHs concentrations 14SED19 to 14SED22 Deeper samples to assess vertical extent

I\A/Izr(lznf exceeding the CSR Schedule 9 criteria and 14SED24 of sediment contamination

from 2009 SNC report. Sampling in four directions to access

14SED23A to aerial extent of PAH impacts exceeding
14SED23D upper cap concentrations found in
sediment at 14SED0O4

2.4.1.3 Detailed Site Investigation Findings and Conclusions
The sediments on the Site were typically described as:

= Sand: with trace to some silt, poorly graded, fine grained, loose, brown to grey, with occasional shells and
organic material;

= Silt: moist to wet, soft, brown to black, with some organic inclusions; and

= Fill: coal mining waste.
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The sediment analysis performed (i.e., metals and PAHSs) during the DSI resulted in select PAHs exceeding the
applicable CSR sediment criteria. The DSI analytical testing results are included in Appendix B and summarized
in the attached Tables 1 and 2. The sample locations with specific PAH exceedances are presented on the
attached Figure 3.

The overall findings of the DSI pertaining to the Site are summarized in the following table with the
recommendations for further works to assist with future re-development of 1 Port Drive bolded:

Table B: DSI Findings for the Site

TT EBA . N Extent of Identified .
AEC/APEC Sediment Contamination Contamination Recommendation

PAHs! > CSR Typical Sediment Estimated Area DRA (this report) required to assess

Criteria from surface to maximum sedimentimpacts and evaluate
Marine AEC 1 28,069 m? potential future remediation options.

. depth of 1.5 metres bel d . . . .
Active Harbour epth o metres below groun Estimated Volume Offsite Delineation of contaminated

surface with average thickness of s sediments may be required for any future
- 28,069 m ! !
1.0 metre below ground surface. BC MOE legal instrument.

In summary, PAH contamination in surficial sediment was identified throughout the entire marine water lot portion
of the Property. Deeper sediment sampling and testing indicated that the select PAH sediment contamination
would extend to depths ranging from surface to ~1.0 metres below ground surface (mbgs). Concentrations of
select PAHs in surface sediment at 14SEDO04 and the four step-out locations (14SED23A through 14SED23D) all
exceeded the Upper Cap Concentrations listed in CSR Protocol 11, which is used in BC for the purposes of
assessing whether the Site is considered by the MOE to be “high risk” or not. Since there is documented PAH
concentrations in surficial sediment samples exceeding the upper cap concentration limits that extends over an
area greater than 50 m? near 14SEDO04, the Property would now be considered a “high risk” site by the BC MOE.

Based on the findings of the DSI, the following primary recommendations were made by Tetra Tech EBA:

= Complete a DRA to assess if the PAH contamination present in sediments on the water lot could pose
unacceptable risks to humans and marine biota potentially using this area and to assist in an evaluation of
potential future remediation options.

2.5 Health and Safety

Tetra Tech EBA prepared a site-specific health and safety plan that was implemented during all the field
investigation events on the Property (including the field events conducted for this DRA). In addition, Tetra Tech
EBA field staff communicated with Seaspan and the Nanaimo Port Authority in order for all field work within the
Nanaimo harbour to commence with their knowledge.

1 PAHS that exceeded the CSR typical marine sediment criteria at least one location were 2-methylnaphthalene,
acenaphthene, acenaphthylene, anthracene, benz(a)anthracene, chrysene, fluoranthene, fluorene, naphthalene,
phenanthrene, pyrene, benzo(a)pyrene and total PAHSs.
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3.0 RISK ASSESSMENT PROCESS
3.1 Risk Assessment Methods

Risk assessment is a standard process used to characterize the potential for adverse human health or ecological
effects to result from exposure to environmental hazards, in this case chemical contamination. The risk
characterization is based on the estimated exposure level and the toxicity of the contaminants. In the case of this
DRA, the objective is to conduct a conservative, site-specific risk assessment to determine if the identified COCs
(PAHs in sediment) pose unacceptable risk to human or environmental health, based on the current and
anticipated future Site use scenarios.

The fundamental principle in risk assessment is that a risk can only occur if there are links between sources of
contaminants and the identified human or ecological receptors (e.g., aquatic plants, marine invertebrates and
marine mammals/birds). In other words, the following three elements are required:

= Sources of chemicals must be present;
= Receptors (e.g., humans, plants and animals) must be present; and
= Exposure pathways must exist between the source of the chemicals and the receptors.

In the absence of any one of the three elements (chemicals, exposure pathway or receptor), risks cannot occur.

Receptors

Exposure
Pathways

Figure A: Three Elements of Risk
The risk assessment process includes four components, which are described in more detail below:
=  Problem Formulation;
= Exposure Assessment;
= Toxicity/Effects Assessment; and

= Risk Characterization.
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3.1.1 Problem Formulation

The purpose of the problem formulation component is to identify the chemicals, receptors, and exposure
pathways that are applicable for a site.

Chemicals identified as COCs on the Site are those exceeding the applicable criteria which, in the case of the
Site, are chemicals in sediment at concentrations exceeding the BC CSR sediment criteria for typical marine
sites.

Receptors are humans, plants or animals that have the potential to be present at the Site. Ecological receptors
were chosen by focusing on aquatic receptors (e.g., aquatic plants, marine invertebrates and marine
mammals/birds) that are or may be present in the vicinity of the Site, based on the current land use and
conditions, those that are valued by local stakeholders, and those that are listed as sensitive or of concern by
provincial or federal regulators. This DRA is performed based on existing site conditions as a conceptual
development plan has not been finalized for redevelopment of the Property.

The objective of the exposure pathway identification is to determine all of the potential routes by which humans
and ecological receptors could be exposed to COCs in contaminated media from the Site.

The results of the Problem Formulation phase are summarized in the development of a Conceptual Exposure
Model (CEM) that depicts the contaminant sources, receptors and exposure pathways.

3.1.2 Exposure Assessment

The exposure assessment step involves quantification of the amount of chemical an ecological and human
receptor may be exposed to through all of the applicable exposure pathways. The amount of exposure depends
upon the concentrations of COCs in various media (e.g., concentrations measured in sediment and tissue), and
the amount of time or number of events that a receptor is in contact with these media. The exposure assessment
also considers how much of the chemical is taken into the body by considering the physiological characteristics of
a receptor (e.g., body weight and inhalation rate).

3.1.3 Toxicity/Effects Assessment

The toxicity assessment involves identification of the potentially toxic effects of the COCs and the determination of
the amount of the COC that can be taken into the receptor without experiencing adverse health effects. This value
is called a Toxicity Reference Value (TRV). The TRVs used in the DRA were obtained from peer-reviewed
toxicological databases.

In addition, Site-specific toxicity testing was employed in this DRA to evaluate the toxicity of Site sediments to
marine invertebrates relative to local reference sediments and negative laboratory control sediments.

3.1.4 Risk Characterization

The final step in a risk assessment is the risk characterization. This step integrates the results of the exposure
assessment and toxicity assessment and determines whether there is a potential for a chemical to pose an
ecological or human health risk. From this, recommendations for remediation or risk management are made.

A weight of evidence (WOE) approach to risk characterization was applied in this risk assessment for select
receptor groups which considered the results from multiple lines of evidence (LOES).
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3.2 Risk Assessment Guidance

In Canada, risk assessment has been accepted by provincial and federal governments as a valid method to guide
management decisions. The methods for this assessment were based on the following provincial and federal
guidance documents:

= BC MOE, 1998. Protocol 1: Recommended Guidance and Checklist for Tier 1 Ecological Risk Assessment of
Contaminated Sites in British Columbia;

= BC MOE, 2013. Protocol 20: Detailed Ecological Risk Assessment Requirements;

= BC MOE, 2012. Technical Guidance Document 7 “Supplemental Guidance for Risk Assessments”, Version
4.0, October 2015;

= Environment Canada, 2012. Federal Contaminated Sites Action Plan (FCSAP) Ecological Risk Assessment
Guidance;

= Environment Canada, 2012. FCSAP Ecological Risk Assessment Guidance— Module 3: Standardization of
Wildlife Receptor Characteristics;

= Environment Canada, 2010. FCSAP Ecological Risk Assessment Guidance — Toxicity Test Selection and
Interpretation;

= Science Advisory Board for Contaminated Sites (SABCS) in BC, 2008. Detailed Ecological Risk Assessment
in BC — Technical Guidance; and

= SABCS in BC, 2010. Guidance for a Weight of Evidence Approach in Conducting Detailed Ecological Risk
Assessment (DERA) in British Columbia.

4.0 DETAILED RISK ASSESSMENT
4.1 Introduction

The problem formulation, exposure assessment, toxicity/effects assessment and risk characterization are detailed
below.

4.2 Problem Formulation

Problem formulation consists primarily of the identification of COCs, relevant receptors and operable exposure
pathways.

The COCs were identified as part of the DSI (Tetra Tech EBA 2015); however, further refinement of the COCs
was completed here to focus the DRA on parameters that are most applicable to specific receptors.

Human and ecological receptors were chosen by focusing on those that are or may be present on the Site, based
on the land use and Site conditions.

The Site conceptual exposure model based on current land use is presented in Figure 4.
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4.2.1 Contaminants of Concern

A statistical summary of the COCs identified in Site surface sediment (upper 10 to 15 centimetre (cm)) by the DSI
is presented below in Table C. Surficial sediment was considered for the DRA as human and ecological receptors
are unlikely to have contact with sediments at greater depths under the current Site use. In addition, analytical
results of subsurface sediment samples indicated PAH concentrations that were less than the PAH
concentrations in the surficial sediments. Thus any future activities (e.g., maintenance dredging and sediment
erosion) that could expose sediments at depth would not result in elevated risks beyond what is identified in this
report for surficial sediments.

95% UCLM concentrations were calculated using ProUCL statistical software Version 5.0. 90th Percentile
concentrations were calculated using Microsoft Office 2010 Excel statistical software. The attached Table 3
provides a summary. Appendix C contains the ProUCL output sheets that detail the statistics that were generated.

Table C: Statistical Summary of Contaminant Concentrations Identified in Site Surface
Sediments - DSI

Parameters Unit Maximum Median Average 90th Percentile | 95% UCLM
2-methylnaphthalene mg/kg 6.0 14 2.0 4.7 2.7
Acenaphthene mg/kg 1.1 0.5 0.5 0.9 0.6
Acenaphthylene mg/kg 0.2 0.1 0.1 0.2 0.07
Anthracene mg/kg 17 0.4 0.6 14 0.8
Benz(a)anthracene mg/kg 19 0.4 0.6 11 0.7
Chrysene mg/kg 2.9 0.5 0.8 19 11
Fluoranthene mg/kg 17 1.6 2.9 6.7 5.1
Fluorene mg/kg 1.2 0.5 0.5 1.0 0.6
Naphthalene mg/kg 3.6 11 14 3.0 18
Phenanthrene mg/kg 7.4 13 18 3.5 2.4
Pyrene mg/kg 9.1 1.5 2.3 6.0 3.2
Benzo(a)pyrene mg/kg 12 0.2 0.3 0.6 0.4
Total PAHs mg/kg 41 10.9 12.7 17.9 16.9
Notes:
Bold Bold indicates an exceedance of the CSR Marine Sediment - Sensitive criterion.
Underlined  Underlined indicates an exceedance of the CSR Marine Sediment - Typical criterion.
::::.::d Bold and shaded indicates an exceedance of applicable Protocol 11 Upper Cap concentrations for Typical sediments.
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Human Health COCs

The CSR sediment criteria (Schedule 9) are for protection of aquatic life and are not relevant to human health
protection.

The Society of Contaminated Sites Approved Professionals of British Columbia (CSAP) Technical Guidance for
Risk Assessment Contaminants of Potential Concern (COPC) Screening (CSAP 2012) provides the following
guidance for identifying COCs to human health in sediments:

= ‘In sediments, substances which are not bioaccumulative substances and which only exceed Schedule 9
standards should be considered COCs for ecological risk assessment only and not for human health risk
assessment.’

= ‘In intertidal sediments, any substance which is not bioaccumulative and which exceeds Schedule 4 or
Schedule 5 “intake of contaminated soil” standards, or Schedule 10 soil standards, if the substance is not
listed in Schedule 4 or 5, should be considered a COPC for human risk assessments.’

= ‘Any bioaccumulative substance that exceeds any of the applicable Schedule 9, Schedule 4 or Schedule 5
“intake of contaminated soil”, or Schedule 10 standards, should be considered a COPC in both human and
ecological risk assessments.’

The BC MOE defines a bioaccumulative substance as that with any of the following characteristics:
bioaccumulation factors (BAF) greater than 5,000; bioconcentration factors (BCF) greater than 5,000; or Log
octanol-water partition coefficients (Log Kow) greater than 5.

Log Kow values for the COCs are presented in the Table D below.

Table D: COC Screening for Human Health

CSR Commercial
Maxi CSR - Marine Land Use - Most
aximum . i - .
: Sed t=T | Stringent Soil ) )
Parameters Concentration edimen ypied Stagndard Log Kow? | Bioaccumulative?
(mglkg) (Schedule 9)
(mg/kg) (Schedules 4/5/10)
(mg/kg)
2-methylnaphthalene 6.0 0.24 - 3.86 No
Acenaphthene 1.1 0.11 - 3.98 No
Acenaphthylene 0.2 0.15 - 4.07 No
Anthracene 1.7 0.29 - 4.5 No
Benz(a)anthracene 1.9 0.83 10 5.63 Yes
Chrysene 2.9 1 - 5.63 Yes
Fluoranthene 17.0 1.8 - 4.90 No
Fluorene 12 0.17 - 4.18 No

2 BC MOE 1993 - PAHSs and Their Characteristics
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CSR Commercial
. CSR - Marine Land Use - Most
Maximum Sediment — Typical Stringent Soil . .
Parameters Concentration Standard Log Kow? | Bioaccumulative?
(mg/kg) (Schedule 9)
(mg/kg) (Schedules 4/5/10)
(mg/kg)
Naphthalene 3.6 0.47 50 3.37 No
Phenanthrene 7.4 0.65 50 4.46 No
Pyrene 9.1 1.7 100 4.88 No
Benzo(a)pyrene 1.2 0.92 15 6.06 Yes
Not )
Total PAHs 41.0 20 - ) Not Defined
Defined

As per the first two bullets above, 2-methylnaphthalene, acenaphthene, acenaphthylene, anthracene,
fluoranthene, fluorene, naphthalene, phenanthrene and pyrene were dismissed as COCs to human health
because they are not bioaccumulative and do not exceed a standard other than the CSR Schedule 9 sediment
criteria.

As per the third bullet, benzo(a)anthracene, chrysene, and benzo(a)pyrene were retained as COCs to human
health because they are bioaccumulative and exceed their respective CSR Schedule 9 sediment criteria.

Ecological Health COCs

Each of the 13 PAHSs, including total PAHSs, identified as contaminants in sediment by the DSI were retained as
COCs to ecological receptors.

Site COCs

Conclusion: COCs to human health carried forward for further evaluation include benz(a)anthracene, chrysene,
and benzo(a)pyrene in sediment. Ecological COCs identified on the Site include the 13 PAHSs, including total
PAHSs, identified as contaminants in sediment by the DSI.

4.2.2 Selection of Receptors of Concern
4.2.2.1 Human Receptors

Potential human receptors at the Site include workers on the Property and the public. Members of the public are
not expected to be exposed to the sediment contamination at the Site given its strictly commercial/industrial
usage and access restrictions from the upland portion of the Property (i.e., fencing and security) however they
were included here as a conservative measure.

4.2.2.2 Ecological Receptors

The first step in the identification of ecological receptors was to compile lists of species potentially present at the
Site. To do so, the ecozone and ecoregion in which the Site is located were identified and plant and animal
species known to occur in this zone and region were inventoried.
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Information from the following sources was reviewed:

= The Ecological Framework of Canada for information on the Pacific Maritime Ecozone (Ecological
Framework of Canada 2015);

= Ministry of Forests Biogeoclimatic Zones of British Columbia;
= Ministry of Environment Habitat and Fisheries Inventory Data; and
= The Canadian Biodiversity Website for information on the Pacific Maritime Ecozone (Heritage Canada 2015).

A search of the Ministry of Forests Biogeoclimatic Zones of British Columbia indicated that the Site is located
within the Coastal Douglas Fir (CDF) biogeoclimatic zone. The search also indicated that the Site is located within
the moist maritime (mm) variant of the CDF known as CDFmm (CDFCP 2015).

A dive survey of the Site was conducted by Subtidal Surveying and Environmental Assessors (SSEA) of Nanoose
Bay, BC to map seafloor physical features, habitats, and plant and animal species occurrences. The dive survey
consisted of recording observations and video along ten transects on the Site (see Figure 5). The dive survey
results provided a current account of the biophysical conditions at the Site, and the apparent health of the Site’s
invertebrate and plant communities. See Appendix D for detailed results.

The following groups and species for which habitat on the Site was concluded to be moderate or highly suitable
based on the dive survey and desktop assessment were considered potential receptors at the Site:

= Birds: Raptors (Bald eagles), various shorebirds (black oystercatcher, loons, grebes, gulls, cormorants (the
double crested cormorant is not known to be found in the immediate area of the Site), alcids and waterfowl
(ducks, geese and swans);

= Mammals: Harbour seals and river otters;

= Various marine invertebrates (including Dungeness crab, red rock crab, hermit crab, giant sea cucumber,
rock scallop, swimming scallop, Nuttall's cockle, Pacific gaper clam, fat gaper clam, horse clam, tubeworms,
nudibranchs, anemones, sea stars, barnacles, and snails);

= Marine fish (including rock sole, rockfish, pipefish, shiner perch and greenling); and

= Vegetation: Rockweed, sea lettuce, sugar wrack kelp, Japanese weed, leafy algae, stringy algae, and flat
kelp (primarily Laminaria saccharina). Limited eel grass beds were identified in Transects 1 and 2 on the Site
and were estimated to occupy a total area of 300 m2. See Figure 5 for eel grass bed locations.

Species of Concern

Risk assessment guidance recommends that species listed as rare, endangered, or threatened with habitats
confirmed to be present within the study area or likely to be present in the future, be included as receptors in a
risk assessment (Environment Canada 2012a).

A search of the Ministry of Environment’s Conservation Data Centre database (BC MOE 2015) yielded a number
of potential species present within the South Island Forest District and the CDF with a habitat subtype of
industrial, intertidal marine, sheltered waters marine, and subtidal marine. A list of the potential at risk species is
located in Appendix E.

None of the species identified in these databases are expected to inhabit the Site.
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Ecological Receptors Evaluated in the Risk Assessment

While there are many species that could be present in a marine setting, it is not practical to evaluate all species.
Risk assessments must limit their focus on only some of the specific plants and animals that might use a site.
Representative receptors selected for the risk assessment are those that have the greatest potential for exposure,
that play a key role in the food web, and that have sufficient characterization data to facilitate calculations of
exposure and health risks. A receptor of concern (ROC) is generally a single species which serves as a surrogate
for the other related species. The following criteria from CCME (1996) and Environment Canada (2012b) were
used to select the receptors evaluated in the risk assessment:

= Potentially sensitive to the substances identified on the Site;

= Known or expected habitat of animals recognized by the federal or provincial government as threatened or
endangered or of special concern;

= Year round residents at the Site;

= Migratory birds, where a significant proportion of the population is concentrated in the vicinity of the Site
during certain periods;

= Dominant within local biological communities, or functioning as keystone species within nearby ecosystems;

= Recognized as good indicators or surrogate species (i.e., representative of other similar organisms of a
general type and feeding niche);

= Of aesthetic value or of value to the local human population; or
= Of recreational importance.
Consideration was also given to the following factors when making receptor selections:
= Visual evidence of the species at the Site during the biological survey;
= Presence based upon habitat quality identified during the biological survey;
= Roles in the food web;
= Home range small enough to have a significant portion of foraging and exposure occur at the Site;
= Small body size (increases exposure); and
= Ability to find a TRV within the same order (preferably family) for each receptor.

Based on the Site information provided above, ecological receptors representative of a broad range of biota were
selected. The representative receptors selected for this DRA as well as the trophic level represented and rationale
for selection is presented in the table below.
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Table E: Ecological Receptors for the DRA

Selected Receptors

Rationale for Selected Receptors

Feeding Guild

Vegetation

Aquatic Macrophytes

Algae were observed at the Site and are expected to be present on Site regardless
of future land use. They are an important source of food for herbivorous animals
and provide habitat to other animals. Small eelgrass beds were also identified on
the southern portion of the Site.

Not Applicable

Aquatic Invertebrates

Benthic Invertebrates

Benthic invertebrates were observed on the Site, are expected to be present on
the Site regardless of future land use and have a high potential for contaminant
exposure due to their constant contact with sediments. They are an important
source of food for some animals and are also important for maintaining healthy
ecosystems (i.e., nutrient cycling). Benthic invertebrates are also common species
used in laboratory tests to determine toxicity of chemicals in sediment.

Carnivorous,
omnivorous
and
herbivorous

Mammals

River Otter

Observed at the Site during a field visit.

Carnivorous

Birds

There are diving ducks that may be present on the Site. Diving ducks would have

Lesser Scaup direct sediment contact and feed on organisms in the sediments. A diving duck that Omnivorous
could be present on the Site is the lesser scaup as its range includes the Site.
Fish
The most commonly found fish during the dive survey. The Rock Sole would be in .
Rock Sole . . L . . Carnivorous
direct sediment contact and feed on marine invertebrates in the sediments.
4.2.3 Exposure Pathway Identification and Screening

Exposure pathways are the means by which a receptor comes in contact with COCs. Receptors may be exposed
to PAHSs in Site sediment through direct contact or indirect pathways. Indirect exposure pathways are those in
which the exposure results from a secondary source, such as ingestion of food items or contact with overlying
surface water. All relevant exposure pathways are examined below.

4.2.3.1 Human Exposure Pathways

Exposure pathways between the sediment contamination and human receptors are not expected to be significant

given:

= The current commercial/industrial use of the Site and active shipping lanes is likely to limit the potential for
seafood harvesting;

= Land access to the Site is restricted as the upland area is fenced and also monitored by a security firm
(i.e., restricted public access);

= The impacted sediments are either subtidal or covered nearshore by rip rap limiting the potential for direct
sediment contact; and

City of Nanaimo DRA Report.docx
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= Maximum concentrations of all PAH constituents were less than applicable CSR soil standards indicating
that direct sediment contact is not a concern to human health.

Therefore, it was determined that there is no significant exposure pathway for humans.
4.2.3.2 Ecological Exposure Pathways

The following ecological exposure pathways were considered: direct sediment contact, sediment and food
ingestion, and surface water contact.

Direct Sediment Contact

Direct contact with sediment COCs is typically considered for surficial sediment, defined by BC MOE as
sediments within the upper metre. Benthic invertebrates living on and within the sediments have the potential to
be exposed via direct contact.

The majority of vegetation on the Site would be exposed via direct contact to suspended sediments only as most
marine vegetation is attached to hard substrates via a holdfast. Plants such as eel grass would be exposed
directly to impacted bedded sediment as their roots are embedded in soft sediments.

Therefore direct sediment contact was carried forward as a complete exposure pathway for benthic invertebrates
and vegetation because this pathway is relevant, receptors are present, and COCs exceed the criteria.

Although direct contact with sediment contaminants via dermal exposure is possible for birds and mammals, it is
considered a minor exposure pathway since feathers and fur effectively reduce dermal exposure by limiting COCs
contact with skin (Sample et. al. 1996). Therefore, this pathway was not evaluated in the risk assessment.

Ingestion of Sediment

Birds, mammals, benthic invertebrates and fish may ingest sediment inadvertently when ingesting plants and
prey. Benthic invertebrates may also ingest sediment purposely to obtain nutrients.

Therefore sediment ingestion was carried forward as a complete exposure pathway for birds, mammals, benthic
invertebrates and fish because this pathway is relevant, receptors are present, and COCs exceed the criteria.

Ingestion of Plants and Animals

Aquatic plants and benthic invertebrates can take up COCs from sediments into their tissues, which may then be
subsequently consumed by invertebrates, fish, birds and mammals. Hydrocarbons are not readily accumulated in
plant or animal tissues, therefore food chain transfer is not considered to be a major component of exposure
(CCME 2008).

Although not expected to be a major exposure pathway, the food chain was evaluated in the risk assessment for
invertebrates, fish, birds and mammals.

Water Contact

PAHs in sediment could leach into surrounding porewater and surface water resulting in contact by plants,
invertebrates and fish, albeit to a limited degree given the low solubility of most PAHSs.

Therefore this exposure pathway was carried forward for evaluation for plants, invertebrates and fish because this
pathway is relevant and receptors are present.
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4.2.3.3 Summary of Exposure Pathway Evaluation

The table below is a summary of the exposure pathway evaluation for the Site. Bolded exposure pathways are
considered complete and were carried forward in the DRA.

Table F: Summary of Complete Exposure Pathways

Receptor and Complete Pathway(s)
Aquatic Ecological Receptors
coc q g P
Human Receptors Benthic
Plants Fish Mammals Birds
Invertebrates
. Direct
Direct .
. Sediment
Sediment
No complete exposure . Contact, . .
Direct Contact, . Ingestion of Ingestion of
pathway for humans: . . Ingestion of . .
o Sediment Ingestion of . Sediments, Sediments,
Select PAHs Access to the Site is . Sediments, . .
. . L ) Contact, Sediments, . Ingestion of Ingestion of
in Sediment limited and impacted . Ingestion of
. . Water Ingestion of Plants and Plants and
sediments are subtidal Plants and . .
. Contact Plants and . Animals Animals
or covered by rip rap. . Animals,
Animals, Water
Contact Water
Contact

The evaluation of risks to aquatic ecological receptors is the subject of the remainder of this report. Complete
exposure pathways were not identified for human receptors and therefore human health risks are not evaluated
further.
4.2.4 Conceptual Exposure Model

A summary of the contaminant transport mechanisms, potentially impacted media, ROCs, COCs, and potentially
complete exposure pathways is presented pictorially in a comprehensive Site CEM for the current land use
(Figure 4).

4.2.5 DRA Basis and Approach

In this section, the basis and overall approach of the ecological risk assessment are identified, including the
following:

= Management Goal

= Protection Goals and Acceptable Effects Levels

= Assessment Endpoints

= Risk Hypotheses

= Measurement Endpoints and Lines of Evidence
4.2.5.1 Management Goal

The overall management goal for the project is to facilitate Property re-development.
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4.2.5.2 Protection Goals and Acceptable Effects Levels

A protection goal is a narrative statement that defines the desirable level of protection for a receptor or receptor
group.

According to BC MOE Technical Guidance 7 (2015), “the primary goal of ecological risk assessment and/or
ecological risk management is to ensure the continued presence, or successful re-introduction, of a biologically
diverse, functional, self-sustaining, and interdependent community or ecosystem...”

BC MOE Protocol 1 (1998) states, “for environmental receptors such as plants or animals (i.e., not humans), the
goal is not to protect each individual from any toxic effect, but rather to protect enough individuals so that a viable
population and community of organisms can be maintained.”

Based on the foregoing, the ecological protection goals for the Site are:
= Minimal community-level impacts on plants and invertebrates; and
= Minimal population-level impacts on fish, bird and mammal species at the Site.

An acceptable effect level (AEL) operationalizes the protection goal by specifying the magnitude (or rate) of
effects that would be acceptable (Environment Canada 2012a). For the assessment of plants, invertebrates, fish,
birds and mammals at the Site, an AEL of 20% was used, based on BC MOE policy.

4.2.5.3 Assessment Endpoints

Assessment endpoints are explicit expressions of the values to be protected in the risk assessment (Suter, et. al.
2000). An assessment endpoint includes a ROC (e.g., aquatic mammals), and a specific property of that ROC
(e.g., population abundance).

Considering the protection goals defined above, the assessment endpoints employed for the ecological risk
assessment were:

= The diversity and abundance of the aquatic macrophyte community at the Site and its function as a food and
habitat source for invertebrates, fish and wildlife.

= The diversity and abundance of the benthic invertebrate community at the Site and its function as a food
source for fish and wildlife.

= The abundance of fish populations at the Site and their function as a food source for wildlife.
= The abundance of aquatic bird and mammal populations at the Site.
4.2.5.4 Risk Hypotheses

Risk hypotheses are statements that describe predicted relationships among stressor, exposure, and assessment
endpoint responses (USEPA 1998). The risk hypotheses for the DRA are as follows:

Assessment Endpoint 1: Abundance and diversity of the aquatic macrophyte community at the Site and its
function as a food and habitat source for invertebrates, fish and wildlife.

Risk Hypothesis 1: The abundance and diversity of the aquatic macrophyte community at the Site is not
substantially reduced as a result of exposures to COCs.
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Assessment Endpoint 2: Abundance and diversity of the benthic invertebrate community at the Site and its
function as a food source for fish and wildlife.

Risk Hypothesis 2: The abundance and diversity of the benthic invertebrate community at the Site is not
substantially reduced as a result of exposures to COCs.

Assessment Endpoint 3: Abundance of resident fish populations at the Site.

Risk Hypothesis 3: The abundance of resident fish populations at the Site is not substantially reduced as a result
of exposures to COCs.

Assessment Endpoint 4: Abundance of bird and mammal populations at the Site.

Risk Hypothesis 4: The abundance of bird and mammal populations at the Site is not substantially reduced as a
result of exposures to COCs.

4.2.5.5 Measurement Endpoints and Lines of Evidence

A measurement endpoint is a parameter that measures or describes exposure for, or an effect on, a ROC in
response to a stressor to which it is exposed.

A Line of Evidence (LOE) is any pairing of exposure and effects measures that provides evidence for the
evaluation of a specific assessment endpoint (Environment Canada 2012a). Various LOE were used in the DRA
to test each of the risk hypotheses presented above.

Table G below summarizes the receptors, assessment endpoints, risk hypotheses, measurement endpoints and
LOE used in the DRA.
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Table G: Receptors, Assessment Endpoints, Risk Hypotheses, Measurement Endpoints and LOE used in the DRA

Measurement Endpoints
Receptor Assessment Risk Hypothesis P Line of Evidence
Endpoint Measure of Exposure Measure of Effect
. LOE 1a: Comparison of tissue
Abundance and The abundance and | \jeasured COC TRV that represent maximum COC | ¢ coirations to tissue-based
\ound diversitv of the T concentrations in plant tissues that ! .
diversity of the Ity concentrations in plant ST TRVs. The resulting value is a
Ity aquatic macrophyte : - do not result in significantly reduced :
) aquatic macrophyte ! h tissues at the Site survival, growth and reproduction Hazard Quotient (HQ). The
Aquatic i h community at the ' ' magnitude of the HQ is the LOE.
community at the
Macrophytes Site and its function Site is not OE 1b: health of th
as a food source for substantially reduced | Measured COC Observable gross-scale adverse LOE 1b: Apparent health of the
A Sou as a result of o plant community at the Site.
fish and wildlife concentrations in plant effects on plant abundance and
exposures to COCs | tissues at the Site diversity at the Site.
TRVs that represent maximum COC | LOE 2a: Comparison of estimated
Measured COC concentrations in sediment that are exposure concentrations in
concentrations in Site unlikely to result in significantly sediment to TRVs. The resulting
sediments reduced invertebrate survival, value is an HQ. The magnitude of
growth and reproduction. the HQ is the LOE.
Abundance and The abundance and . LOE 2b: Magnitude of effect on
arai diversity of the The survival, growth and invertebrate survival, growth and
diversity of the benthic i b Measured COC . c e . . -
benthic invertebrate enthic invertebrate . N Si reproduction of marine invertebrates | reproduction relative to negative
Benthic r community at the concentrations in Site . . .
ty . exposed to contaminated Site control or reference sediments, and
community at the . sediments : ; ; i i
Invertebrates : : - Site is not sediments in laboratory bioassays. degree of correlation with COC
Site and its function substantially reduced i
as a food source for y concentrations.
. o as a result of
fish and wildlife expOSUres to COCs
p TRVs that represent maximum COC | LOE 2c¢: Comparison of tissue
Measured COC h g ) h
concentrations in concentrations in invertebrate concentrations to tissue-based
h . tissues that do not result in TRVs. The resulting value is a HQ.
invertebrate tissues at the o . . .
Site significantly reduced $urV|vaI, The magnitude of the HQ is the
growth and reproduction. LOE.
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Table G: Receptors, Assessment Endpoints, Risk Hypotheses, Measurement Endpoints and LOE used in the DRA

Measurement Endpoints
Receptor Assessment Risk Hypothesis P Line of Evidence
Endpoint Measure of Exposure Measure of Effect
Abundance of The abundance of
resident fish resident fish
populations at the populations at the LOE 3a: Risk conclusion for plant
Fish Site and their Site is not - - and benthic invertebrate
function as a food substantially reduced communities
source for birds and | as a result of
mammals exposure to COCs
Estimated total daily oral
contaminant intakes
based on:
The abundance of :
bird and mammal Plant .tISSUE Literature-based TRVs that . . .
. chemistry - LOE 4a: Comparison of total daily
. Abundance of populations at the represent maximum COC doses . :
Birds and - . A . LT oral contaminant intakes to TRVs.
wildlife populations Site is not — Benthic invertebrate | that do not result in significantly - :
Mammals - - . . h . The resulting value is a HQ. The
at the Site substantially reduced tissue chemistry reduced avian and mammalian ; .
. . magnitude of the HQ is the LOE.
as a result of _ Site-specific/ survival, growth and reproduction.
exposure to COCs .
literature-based
exposure
characteristics
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4.2.6 DRA Analysis Plan

The details of how the various LOE identified above will be developed and interpreted are discussed below.
4.2.6.1 Assessment of Risks to the Aquatic Macrophyte Community

The risk evaluation for the aquatic macrophyte community considered the following two LOEs:

= LOE 1la: Plant tissue chemistry compared to TRVs (i.e., Hazard Quotient); and

= LOE 1b: Apparent health of the plant community.

To integrate the two LOEs into a risk conclusion for the aquatic macrophyte community at the Site, a WOE
approach based on those described by the Science Advisory Board for Contaminated Sites in British Columbia
(SABCS, 2010) and Chapman and Anderson (2005) was used. The WOE approach considered the magnitude of
hazard or effect indicated by each LOE and the relative “weighting” of each LOE.

LOE Ranking

The LOE were ranked based on the magnitude of effect or hazard indicated as described in the below table. This
ranking scheme was based on the AEL defined above (20%):

Table H: Scheme Used to Rank the Magnitude of Effect/Hazard in the Two LOEs for the Aquatic
Macrophyte Community

RANKING

Moderate Magnitude of

LOE High Magnitude of Adverse Adverse Effects/Hazard

Effects/Hazard (+)

Negligible-to-low Magnitude of
Effects/Hazard (-)

(+)
. One or more measured One or more measured
la: Plant Tissue . : .
Chemistr chemical parameters exceed chemical parameters exceed | Measured chemical parameters are
. y TRV by more than 10 times TRV by no more than below TRVs (i.e., HQ<1)
Compared with TRVs . ) )
(i.e., HQ>10) 10 times (i.e., 1<HQ<10)

Qualitative observations
indicate possible evidence of | Qualitative observations indicate no
impairment to the health of evidence of impairment to the health

Qualitative observations
indicate obvious evidence of
1b: Apparent Health impairment to the health of the

. . the aquatic macrophyte of the aquatic macrophyte
of the Plant aquatic macrophyte community q ) phyt .q . p.yt
. . . community with some amount community at the Site with no
Community at the Site with observed . .
. . of observed difference apparent difference between the
difference between the Site and . . .
between the Site and Site and surrounding areas.

surrounding areas. )
surrounding areas.

Notes:
Adapted from Chapman and Anderson, 2005.
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LOE Weighting

Weighting factors were developed for each LOE based on the strength of five attributes recommended by the
SABCS (2010), including:

a) Strength of Association (relevance of LOE to assessment endpoint).

b) Sensitivity and Specificity (ability of LOE to detect change, specificity of LOE to COCSs).

c) Data Quality and Study Design (quality of data and strength of study design).

d) Representativeness (spatial/temporal overlap among measurements/samples, stressors, and receptors).
e) Correlation/Causation/Consistency (ability of LOE to correlate effects with degree of exposure).

For each LOE, the five attributes (a through e) were given a score between 1 and 5 and the average of these
scores was established as the LOE weighting factor. Table | below presents the weighting factors established for
each LOE for the aquatic macrophyte assessment. Tables F1 and F2 in Appendix F details the attribute scores for
each LOE along with rationale for the chosen score.
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Table I: LOE Weighting Factors — Aquatic Macrophyte Community

LOE Weighting Factor
Average
LOE A B c b E Weight
Strength of Association | Sensitivity/ : . . _ (divide by 6)
(entered twice) Specificity Quality/Design | Representativeness | Causality
la: Plant Tissue Chemistry
Compared to TRVsS 3 s 2 4 3 4 3.2
1b: Appa_rent Health of the Plant > 5 1 1 5 2 17
Community
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Following the ranking and weighting of the various LOE as per the above procedure, the risk indicated for the
aguatic macrophyte community at the Site was determined using professional judgement.

4.2.6.2 Assessment of Risks to the Benthic Invertebrate Community
The risk evaluation for the benthic invertebrate community considered the following three LOE:
= LOE 2a: Bulk sediment chemistry compared to TRVs (i.e., Hazard Quotient).

= LOE 2b: Sediment toxicity test results (magnitude of effect on invertebrate survival, growth and reproduction
by Site sediment relative to negative control or reference sediments, and degree of correlation with COCSs).

= LOE 2c: Invertebrate tissue chemistry compared to TRVs (i.e., Hazard Quotient).

As described above for the aquatic macrophyte community, to integrate the three LOE into a risk conclusion for
the benthic invertebrate community at the Site, a WOE approach based on those described by the SABCS (2010)
and Chapman and Anderson (2005) was used. The WOE approach considered the magnitude of hazard or effect

indicated by each LOE and the relative “weighting” of each LOE.

LOE Ranking

The LOE were ranked based on the magnitude of effect or hazard indicated as described in the below table. This
ranking scheme was based on the AEL defined above (20%).

Table J: Scheme Used to Rank the Magnitude of Effect/Hazard in the Three LOE for Benthic
Invertebrate Community

LOE

RANKING

High Magnitude of
Adverse Effects/Hazard

*)

Moderate Magnitude of
Adverse Effects/Hazard (+/-)

Negligible-to-low Magnitude of
Effects/Hazard (-)

2a: Sediment
Chemistry
(bulk sediment)
Compared with TRVs

One or more measured
chemical parameters
exceed TRV by more than
10 times (i.e., HQ>10)

One or more measured
chemical parameters exceed
TRV by no more than 10 times
(i.e., 1<HQ=<10)

Measured chemical parameters are
below TRVs (i.e., HQ<1)

2b: Sediment Toxicity
Test Results

Greater than 50%
statistically significant
reduction in multiple test
outcomes relative to
laboratory negative control
sediments.

Between 20 and 50%
statistically significant reduction
in multiple toxicity test
outcomes relative to laboratory
negative control sediments or
>50% reduction in no more than
a single toxicity test outcomes
relative to negative laboratory
control sediments.

Less than 20% reduction or not
statistically significant reduction in
each toxicity test outcome, relative to
negative laboratory control
sediments, or 20-50% reduction in no
more than a single toxicity test
outcome relative to laboratory
negative control sediments.

2c: Tissue Chemistry
Compared with TRVs

One or more measured
chemical parameters
exceed TRV by more than
10 times (i.e., HQ>10)

One or more measured
chemical parameters exceed
TRV by no more than 10 times
(i.e., 1<HQ=<10)

Measured chemical parameters are
below TRVs (i.e., HQ<1)

Notes:

Adapted from Chapman and Anderson, 2005.
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LOE Weighting

As per aquatic macrophytes, weighting factors were developed for each LOE based on the strength of the five
attributes recommended by the SABCS (2010).

Table K below presents the weighting factors established for each LOE for the benthic invertebrate assessment.
Tables F3 to F5 in Appendix F details the attribute scores for each LOE along with rationale for the chosen score.
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Table K: LOE Weighting Factors — Benthic Invertebrate Community
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LOE Weighting Factor
Average Weight
HOE A B ¢ D E (divide by 6)
Strength of Association | Sensitivity/ Quality/ Representativeness | Causalit
(entered twice) Specificity Design P y

2a: Sediment Chemistry

Compared to TRVsS 1 1 2 5 3 3 25

2b: Toxicity Test Results 4 4 4 5 4 4 4.2

2c: Tissue Chemistry

Compared to TRVs 3 3 2 4 3 4 32

City of Nanaimo DRA Report.docx

25

TETRATECH EBA



Organizational Quality. DETAILED RISK ASSESSMENT
Management Frogram FILE: ENVIND03511-02 | OCTOBER 2015 | ISSUED FOR USE

oM

Following the ranking and weighting of the various LOE as per the above procedure, the risk indicated for the
benthic invertebrate community at the Site was determined using professional judgement.

4.2.6.3 Assessment of Risks to Fish Populations

The risk assessment for fish populations was based solely on the risk conclusions determined for plant and
invertebrate communities at the Site (LOE 3a). This is considered reasonable given that fish readily metabolize
PAHSs, they are generally more mobile than plants and invertebrates and are not expected to be in continuous
direct contact with sediments, like plants and invertebrates. In other words, plants and invertebrates are likely to
be more exposed to the COCs and at greater risk of adverse effects than fish.

4.2.6.4 Assessment of Risks to Bird and Mammal Populations

The risk assessment for birds and mammals relied on the deterministic hazard quotient method to evaluate
whether the COCs identified in Site media could cause adverse effects on wildlife populations (LOE 4a). For birds
and mammals, the hazard quotient method involved comparisons of estimated daily oral contaminant intakes to
TRVs to derive HQs. An HQ of less than one (1) indicates that adverse effects to an ROC are unlikely at the
predicted intake. HQs exceeding one (1) indicate that adverse effects could occur at the predicted intake.

4.3 Risk Assessment Sampling

Additional sampling conducted to support the risk assessment included sediment sampling for invertebrate toxicity
testing (LOE 2b) and aquatic vegetation and benthic invertebrate tissue sampling (LOE 1a/2c). The sampling
methods are presented in this section.

4.3.1 Sediment Sampling for Toxicity Testing

Ms. Shawneen Walker and Mr. Isaac Kitchingman of Tetra Tech EBA were on Site May 21 and 22, 2015 and
collected 12 surficial sediment samples (15SEDO1 to 15SED12) from the Site and local off-Site reference
locations for chemical analysis to support the selection of suitable samples for laboratory toxicity testing. Samples
were collected using a stainless steel ponar grab sampler. 15SEDO1 to 15SEDO09 were collected on the Site and
15SED10 to 15SED12 were collected offsite at reference locations (15SED10 was collected east of Protection
Island and 15SED11 and 15SED12 were collected northwest of Newcastle Island). The nine Site sample
locations were selected to target previous sampling locations which had the highest PAH concentrations in
sediment. The reference locations were selected to target areas with similar sediment physical characteristics
(i.e., similar grain size and organic carbon content) to the Site but without Site-related contaminant impacts.

The sediment sample locations are summarized in more detail in the table below and are shown on Figures 6 and
7. The previous investigations sample locations (including the DSI locations) are shown on Figure 2.
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Table L: Previous Investigations and DRA Test Locations

DRA Sample Locations

Stage 1 PSI Findings DSI Sample Locations
. . Test .
AECs Issue Test Location Rationale . Rationale
Location
14SEDO1 to Surficial samples at 30 m
14SED18 to 50 m grid spacing. Surficial samples in known

Deeper samples to assess

15SEDO1to | areas of PAH impacts on Site

Sediment with PAHs 14SED19 to ! ) to guide selection of samples
Marine concentrations exceeding 14SED24 vertlcacloen?;egitnc;ftizendlment 15SEDO for toxicity testing.
AEC 1 the CSR Schedule 9 : : :
standards from 2009 SNC 5 m grid spacing to access
report. 14SED23A to extent of upper cap 15SED10to | Offsite reference samples for
14SED23D concentration 15SED12 | potential use in toxicity testing.

exceedances found at
14SEDO04.

Station locations were determined using a GPS. Once retrieved, the grab sampler was opened and its contents
were emptied into a stainless steel container. Tetra Tech EBA’s field representative wore new nitrile sampling
gloves during the collection of each sediment sample to prevent cross-contamination. Multiple grabs were
performed until sufficient sediment was collected for the sample (~8L). Once sufficient sediment was collected,
the material was homogenized within the steel container using a stainless steel trowel. The ponar and container
were cleaned with local seawater between samples. The sample was then transferred into a laboratory-provided
plastic pail for toxicity testing purposes and 250mL glass jars for supporting chemical analysis. All sample jars and
pails were stored in ice-chilled coolers then shipped under chain of custody protocol to Maxxam Analytical of
Burnaby, BC (Maxxam).

Chemistry samples were submitted Maxxam for analysis of PAH, particle size analysis (PSA), and total organic
carbon (TOC). In addition to PAH analysis, the reference samples were analyzed for metals. Toxicity testing
samples (i.e., 8L pails) were submitted to Maxxam for archiving pending the results of the chemical analyses.
Sediment analytical results are presented in Appendix B in the attached Tables 4 to 7 and on Figures 6 and 7.

Analytical results for PAHs in the sediment samples collected were similar to the DSI sediment analytical results.
All nine of the sediment samples collected on the Site during the DRA contained five or more PAHs with
exceedances of the Schedule 9 typical marine criteria.

At three separate reference locations sediment samples were collected and analyzed for PAHs and metals. No
metals exceedances were detected in the reference sediment samples. One of the reference samples (14SED10)
contained PAH exceedances. This location was offshore from Protection Island which did have reported historical
coal mining activities. The other two reference locations (14SED11 and 14SED12) were located near Newcastle
Island which is a protected park. No exceedances were found for PAH and metals in the samples collected at
these two locations.
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4.3.2 Sediment Toxicity Testing

Based on the chemical analytical results for the 12 sediment samples discussed above, the following six Site
samples and one reference sample were selected for toxicity testing to support LOE 2b:

= 15SEDO02
= 15SEDO3
= 15SEDO05
= 15SEDO06
= 15SEDO7
= 15SEDOS8

= 15SED11 (reference location)
Sample locations are illustrated on Figure 6 and 7.

The six Site samples were selected for toxicity testing as they cover the full range of COC concentrations and
sediment physical conditions (i.e., PSA and TOC) identified in surface sediments on the Site. For example,
sample 15SEDO3 contained the highest total PAH concentration (79 mg/kg) among samples collected during the
DRA and previous Site investigations as well as the highest concentrations of individual PAH constituents, with
the exception of 2-methylnaphthalene, fluorene and naphthalene.

The following invertebrate toxicity tests were conducted on these 7 samples:
= 10-day Survival of the Marine Amphipod Eohaustorius estuarius
= 20-day Survival and Growth of the Marine Polychaete Neanthes arenaceodentata
=  48-hour Bivalve Larval Development in Sediment Elutriate using Mytilus galloprovincialis

This trio of tests covers multiple distinct invertebrate receptor groups, exposure pathways, and test endpoints and
is the test set most often applied in detailed marine sediment risk assessments in BC.

4.3.2.1 10-day Marine Amphipod Survival

The survival of E. estuarius, a deposit-feeding, free burrowing crustacean, was assessed when exposed to whole
sediment samples from the Site for a 10-day duration according to test methods: Environment Canada (1998)
Biological Test Method: Reference Method for Determining Acute Lethality of Sediment to Marine or Estuarine
Amphipods (EPS 1/RM/35) and the Maxxam standard operating procedure (SOP) test method for the “Marine or
Estuarine Amphipod 10 Day Survival and Re-burial Test (BBY2 SOP-00012). Method details are presented in
Appendix G. The 10-day Marine Amphipod Survival test was selected as a measure of the acute toxicity of Site
sediments and is considered ecologically relevant to the Site given the known presence of various epifaunal
crustacean species at the Site and the expected presence of infaunal crustacean species, including E. estuaries,
in Site sediments.
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4.3.2.2 20-day Polychaete Survival and Growth

The survival and growth rate of juvenile N. arenaceodentata, an omnivorous deposit-feeding marine polychaete
worm, when exposed to whole sediment samples from the Site for 20 days were assessed according to the Puget
Sound Estuary Program (PSEP) Recommended Guidelines for Conducting Laboratory Bioassays on Puget
Sound Sediments: Juvenile Polychaete Sediment Bioassay (PSEP 1995a) and the Maxxam SOP “Neanthes
arenaceodentata Survival and Growth Test” (BBY2 SOP-00030). Method details are presented in Appendix G.
The test is considered chronic since it evaluates both lethal and sub-lethal endpoints (i.e., growth) in juvenile
polychaete worms and the exposure duration represents a significant portion of the organism's lifespan (>10%).
This test is considered ecologically relevant given the expected presence of various polychaete worm species in
Site sediments.

4.3.2.3 48-hour Bivalve Larval Development in Sediment Elutriate

The normal development and survival of M. galloprovincialis embryos was assessed when exposed to elutriates
of sample sediments for 48hours. The test was conducted in accordance with methods outlined in the PSEP test
method "Bivalve Larvae Sediment Bioassay" (PSEP 1995b) and the Maxxam SOP Test Method for the “Bivalve
Larval Development Sediment Test" (BBY2 SOP-00032). Method details are presented in Appendix G. The
bivalve test measures lethal and sub-lethal endpoints on a sensitive life-stage of the organism and therefore is
expected to be more sensitive that the amphipod survival test. The test is considered a surrogate for a chronic
test because it examines effects on a sensitive life stage but has an exposure duration that is less than 10% of
the organism's lifespan. This test is considered ecologically relevant because it measures effects of sediment
elutriates, which may result from prop wash and tidal/current action, on bivalve embryos, which normally reside in
the water column.

4.3.2.4 Chemical Analysis
The following additional chemical analyses were conducted to support the interpretation of the toxicity test results:
= Total organic carbon (TOC)
= Particle Size (PS)
= Ammonia — sediment porewater and overlying water
= Sulphide — sediment porewater and overlying water
= pH, salinity and temperature — sediment porewater and overlying water

TOC and PS were analyzed given their ability to influence contaminant bioavailability. TOC was analyzed as the
guantity of organic matter (OM) in sediments is associated with the partitioning and bio-availability of sediment
associated contaminants (USEPA 2002). Determining TOC is essential for site characterization since it can
influence how chemicals will react in the sediment (USEPA 2002). Ammonia and sulphides may be naturally
occurring in marine sediments and/or related to anthropogenic sources (e.g., organic releases and decaying
organic matter). These compounds are toxic to aquatic invertebrates at sufficiently high concentrations and are
common sources of interference in sediment toxicity tests.

Results of these chemical analyses are presented in the attached Tables 4 to 7. The toxicity test results are
presented in Appendix G and are interpreted in Section 4.5.1.2.
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4.3.3 Tissue Sampling

Concurrent with the species/habitat survey, invertebrate and vegetation tissue samples were collected for
chemical analysis to determine the degree to which contaminants of concern are being taken up by biota at the
Site. A total of 24 tissue samples (eight dungeness crab (Metacarcinus magister), eight Nutall’s cockle
(Clinocardium nuttallii) and eight rockweed samples) was collected by diver grab for analysis of PAH, moisture
and lipid content. Applicable collection permits were obtained prior to carrying out this task. Approximate locations
of the tissue sample locations are presented in Figure 5.

Tissue samples were collected during the dive survey by SSEA conducted April 20 to 23, 2015. Once each
sample was retrieved by the divers and brought to the water surface, the sample was transferred into a plastic
bag for supporting chemical analysis by Ms. Kristy Gabelhouse and Ms. Shawneen Walker of Tetra Tech EBA.
Samples were shipped in ice-chilled coolers under chain of custody to Maxxam. The results of the tissue
analytical tests performed are in Appendix B and presented in the attached Table 8.

4.4 Exposure Assessment

As detailed above in Table G, various data types (i.e., measurement endpoints) collected from the Site were
developed into lines of evidence and used to support risk conclusions for each receptor group. The measures of
exposure employed in the DRA are identified below. The sediment and tissue data used in the exposure
assessment are presented in the attached Tables 1-8 and Appendix B at the end of the report.

4.4.1 Measures of Exposure
4.4.1.1 Aquatic Macrophytes

Exposures to PAHs by aquatic vegetation at the Site were estimated by the concentrations detected in 8 algal
samples collected along the Site’s foreshore. These tissue data form the ‘exposure’ portion of LOE 1la and 1b, as
indicated in the above Table G. Of the PAHs analyzed in plant tissue, most were below the laboratory detection
limit. The PAHs that were found to be above the detection limit were phenanthrene, anthracene, fluoranthene,
pyrene, benzo(a)anthracene, and chrysene. Maximum tissue concentrations were assumed to represent the
Exposure Point Concentrations (EPC) for aquatic vegetation. Analytical results for tissue were presented in wet
weight (ww). Dry weight (dw) values were calculated using the average tissue moisture result and the formula
presented below:

] ] ] Maximum Tissue Concentration (ww)
Maximum Tissue Concentration (dw) = . - X 100
100% — Moisture % in ww sample

Results of the plant tissue chemical analyses and calculated maximums (in wet and dry weight) are presented in
the table below and the attached Table 8. Locations of the plant tissue samples are shown in Figure 5.

30
TETRATECH EBA

City of Nanaimo DRA Report.docx



Organizational Quality. DETAILED RISK ASSESSMENT
Management Frogram FILE: ENVIND03511-02 | OCTOBER 2015 | ISSUED FOR USE

oM

Table M: Aquatic Macrophyte Exposure Point Concentrations - Plant Tissues

Parameters Maximum (mg/kg ww) Maximum (mg/kg dw) *
2-methylnaphthalene - -
Acenaphthene <0.0025 <0.015
Acenaphthylene <0.0025 <0.015
Anthracene <0.0025 <0.015
Benz(a)anthracene 0.0031 0.018
Chrysene 0.0056 0.033
Fluoranthene 0.01 0.06
Fluorene <0.0025 <0.015
Naphthalene <0.0025 <0.015
Phenanthrene 0.0034 0.020
Pyrene 0.0072 0.042
Benzo(a)pyrene <0.0050 <0.029
Total PAHs - -

Note:
* Assumes 83% moisture content in the wet weight sample which is the average of the samples (n=8).

4.41.2 Benthic Invertebrates

Exposures to PAHSs by benthic invertebrates at the Site were estimated by two measures: sediment chemistry and
invertebrate tissue chemistry. These data form the ‘exposure’ portion of LOE 2a, 2b and 2c, as indicated in the
above Table G.

For sediment chemistry, the 90" Percentiie PAH concentrations were selected as sediment EPCs for
invertebrates (see Table 9 appended and Table N below). The 90" Percentile is the recommended exposure
statistic for animals that are fairly immobile where exposure is not averaged in space or time (Suter 2007). For the
majority of the COCs the 90" Percentile results exceeded the CSR typical marine sediment criteria.
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Table N: Benthic Invertebrate Exposure Point Concentrations - Sediment

Parameters 90t Percentile (mg/kg dw)
2-methylnaphthalene 4.3
Acenaphthene 0.9
Acenaphthylene 0.2
Anthracene 1.5
Benz(a)anthracene 1.2
Chrysene 2.0
Fluoranthene 7.2
Fluorene 1.0
Naphthalene 3.1
Phenanthrene 3.6
Pyrene 6.1
Benzo(a)pyrene 0.6
Total PAHs 17.7

Invertebrate exposures were also estimated by the concentrations detected in the tissues of eight crab and eight
clam samples collected from the Site. Of the PAHs analyzed most were below the detection limit. The PAHSs that
were found to be above the detection limit were phenanthrene, anthracene, fluoranthene, pyrene,
benzo(a)anthracene, and chrysene in clam tissue. Maximum tissue concentrations were assumed to represent
the EPC for invertebrates. Analytical results for tissue was presented in wet weight (ww). Dry weight (dw) values
were calculated using the average tissue moisture result and the formula presented above.

Results of the invertebrate tissue chemical analyses and calculated maximums (in wet and dry weight) are
presented in Tables O and P below and the attached Table 9. Locations of the invertebrate tissue samples are
shown in Figure 5.

Table O: Benthic Invertebrate Exposure Point Concentrations - Crustacean Tissue

Source CcocC Maximum (mg/kg ww) | Maximum (mg/kg dw) *

2-methylnaphthalene - -

Acenaphthene <0.0025 <0.013

Acenaphthylene <0.0025 <0.013

Anthracene <0.0025 <0.013

Benz(a)anthracene <0.0025 <0.013

Chrysene <0.0025 <0.013

Aquatic Invertebrates — Crustacean Fluoranthene <0.0025 <0.013

Fluorene <0.0025 <0.013

Naphthalene <0.0025 <0.013

Phenanthrene <0.0025 <0.013

Pyrene <0.0025 <0.013

Benzo(a)pyrene <0.0050 <0.025
Total PAHs - -

Note:
* Assumes 80% moisture which is the average of the samples.
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Table P: Benthic Invertebrate Exposure Point Concentrations - Mollusk Tissue

Source

Aquatic Invertebrates — Mollusk

CcocC Maximum (mg/kg ww) | Maximum (mg/kg dw) *
2-methylnaphthalene - -
Acenaphthene <0.0025 <0.017
Acenaphthylene <0.0025 <0.017
Anthracene 0.0059 0.039
Benz(a)anthracene 0.0043 0.029
Chrysene 0.0064 0.043
Fluoranthene 0.0118 0.079
Fluorene <0.0025 <0.017
Naphthalene <0.0025 <0.017
Phenanthrene 0.0068 0.045
Pyrene 0.0077 0.051
Benzo(a)pyrene <0.0050 0.033
Total PAHs - -

Note:

* Assumes 80% moisture which is the average of the samples.

4.41.3 Birds/Mammals

A diet uptake model was used to estimate the total daily oral intake of each COC for the representative mammal
and bird species identified above in Table E (i.e., the river otter and the lesser scaup). The resulting estimated
intakes served as the ‘exposure’ portion of LOE 4a.

Exposure Equations

The exposure estimations for wildlife were based on a modified wildlife dietary exposure model by Sample and
Suter (1994). This model derives exposure for receptors using concentrations of COCs in sediment and food

items as presented below.

Total Daily Dose of COC:

Etotal = (Efood + Esediment) X SUF

Where:

Etotal = total exposure from all pathways (mg/kg — day)

Efod = exposure from food consumption (mg/kg - day)

Esediment = exposure from sediment consumption (mg/kg - day)

SUF = site use factor (unitless). Applied a value of 1 for SUF (i.e., assumes receptor spends all its time

on the Site).
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Food Ingestion:
Efood = P X (IRfood X Ciood)
Where:
Efood = exposure from food consumption (mg/day)

P = proportion of the food type in the diet, as identified in Table H1 of Appendix H. The River Otter was
assumed to have a diet composed 100% of invertebrates while the scaup had a diet composed of 90%
invertebrates and 10% plants.

IRf0d = food ingestion rate (kg/kg BW/day) dry weight
Ctood = COC concentration in food (mg/kg) dry weight

Food Ingestion Rates (IRfwod), Which are body weight normalized based on the weight of the ROC, are presented
in Table H1 of the Wildlife Diet Model, in Appendix H.

The tissue concentrations assumed for invertebrates and plants were the maximum concentrations (in dry weight)
measured in crustacean/mollusks and algal tissues on-Site, respectively. Note that for the otter, it was assumed
that fish and small mammals/birds have the same tissue concentrations as crustacean/mollusk tissue. For the
scaup, it was assumed that insect body burden was the same as crustacean/mollusk.

Ingestion of Sediments:
Esediment = |Rsediment X Csediment
Where:
Esediment = €xposure from sediment ingestion (mg/day)
IRsediment = Incidental sediment ingestion rates was assumed to be 2% of IRfood
Csediment = COC concentration in sediment (mg/kg) dry weight

The sediment concentration applied was the calculated 95% UCLM concentration found for each COC (see Table
9).

The table below and Table H2 of the Wildlife Diet Model, in Appendix H, presents the estimated daily intake of
each COC for the river otter and scaup.

Table Q: Estimated Daily COC Intakes — River Otter and Lesser Scaup

Receptor coc Sum of Site-Specific Exposure: Ewotal (Mg/kg -day) = (Efcod + Esediment ) *
SUF
2-methylnaphthalene -
Acenaphthene 0.0009
. Acenaphthylene 0.0006
River Otter
Anthracene 0.002
Benz(a)anthracene 0.001
Chrysene 0.002
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Receptor coc Sum of Site-Specific Exposure: EéoLtJall:(m g/kg -day) = (Efood + Esediment ) *
Fluoranthene 0.006
Fluorene 0.0009
Naphthalene 0.002
Phenanthrene 0.003
Pyrene 0.004
Benzo(a)pyrene 0.001
Total PAHs -
2-methylnaphthalene -
Acenaphthene 0.002
Acenaphthylene 0.001
Anthracene 0.002
Benz(a)anthracene 0.003
Chrysene 0.004
Lesser Scaup Fluoranthene 0.01
Fluorene 0.002
Naphthalene 0.003
Phenanthrene 0.01
Pyrene 0.01
Benzo(a)pyrene 0.003
Total PAHs -
4.5 Toxicity/Effects Assessment

The objective of the toxicity/effects assessment was to develop the measures of effect specified in the above
Table G. Generally, the measures of effect employed in the DRA attempted to define the acceptable intake or
concentration of each COC that plants and animals can be exposed to on a chronic basis without risk of adverse
health effects. These acceptable intakes and concentrations are the TRVs. The DRA used literature-derived
TRVs based on long-term chronic exposure. For example chronic reproductive exposures would include exposure
for any duration greater than 1/3 of gestation, and chronic growth measures would include exposure for any
duration greater than 1/10 of a plant or animal’s lifespan.

For environmental receptors such as plants and animals, the goal is not to protect each individual from any
potentially toxic effect, but rather to protect enough individuals so that a viable population and community of
organisms can be maintained (SABCS 2006). Various online databases and print resources were used to gather
the relevant TRVs presented in Tables I1 to 14 of Appendix I. These included:

= U.S. Army Corps of Engineers/U.S. Environmental Protection Agency Environmental Residue-Effects
Database (ERED) for TRVs for plant and invertebrate tissue;

= BC CSR Sediment criteria for typical sediments (Schedule 9) for TRVs for benthic invertebrates; and

= Environment Canada FCSAP Ecological Risk Assessment Guidance — Default TRVs Recommended for use
at FCSAP Sites — Draft Version May 5 2015 for TRVs for mammals and birds.
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45.1 Measures of Effects
The measures of effect used in the DRA are presented in the following sections.
4.5.1.1 Aquatic Macrophytes

For aquatic macrophytes, two measures of effect were employed: plant tissue-based TRVs and observed plant
community health. These data form the ‘effects’ portion of LOE 1a and 1b, respectively.

Plant Tissue TRVs

A summary of plant tissue-based TRVs obtained from the ERED database is presented in the table below. These
TRVs represent the ‘effects’ portion of LOE 1a, as indicated above in Table G. Table I1 of Appendix | contains
additional information, and the reference from which the TRV was obtained.

Table R: Summary of Toxicity Reference Values - Plant Tissue

Receptor CcocC Molecular Weight (m g-/rkRgVWW) En-lt;i)sotint Té/f;;zcc;f ?r/]lqogd/gge\?w-l\;)Rx
2-methylnaphthalene Low 25.1* - - 5.02
Acenaphthene Low 25.1* - - 5.02
Acenaphthylene Low 25.1* - - 5.02
Anthracene Low 25.1 ED50 Reproduction 5.02
Benz(a)anthracene High 21.8 ED50 Reproduction 4.4
) Chrysene High 21.8* - - 4.4
MaAgL;?)tr:;e Fluoranthene Low 17.8 ED50 Reproduction 3.6
Fluorene Low 17.8* - - 3.6
Naphthalene Low 25.1* - - 5.02
Phenanthrene Low 910.3 ED50 Reproduction 182.1
Pyrene High 23.3 ED50 Reproduction 4.7
Benzo(a)pyrene High 23.3* - - 4.7
Total PAHs n/a - - - -
Notes:

Molecular Weight is based on the chemical structure reported in BC MOE 1993. PAH molecular weight varies based on chemical structure.
Lower molecular weight PAHs are in the two to three ring group and high molecular weight are in the four to seven ring group (BC MOE 1993).

ED50: Effective Dose that produces an effect in 50% of the population.
* No TRV found. Applied the TRV from PAHs with a TRV available based on similar chemical structure (BC MOE 1993).

** ED20 was estimated from the ED50 using a modifying factor of five based on professional judgement.
Apparent Health of the Plant Community

The dive survey indicated that there was no evidence of phytotoxicity observed and no evidence of vegetation
stress on the Site. Mr. Shane Servant of SSEA stated that the vegetation was observed to be typical for the area
with no conspicuous absence of macrophyte coverage on the Site. See Appendix D for detailed results of the dive
survey.

36
TETRATECH EBA

City of Nanaimo DRA Report.docx



Organizational Quality. DETAILED RISK ASSESSMENT
Management Frogram FILE: ENVIND03511-02 | OCTOBER 2015 | ISSUED FOR USE

oM

45.1.2 Benthic Invertebrates

For benthic invertebrates, three measures of effect were employed: sediment-based TRVs, results of sediment
toxicity testing, and tissue-based TRVs. These data form the ‘effects’ portion of LOE 2a, 2b and 2c, respectively.

Sediment TRVs

A summary of sediment TRVs selected for invertebrates is presented in the table below. The TRVs used are the
BC CSR sediment criteria for typical marine sites (Schedule 9) and were considered applicable as they are based
on an AEL of 20% which is in line with the protection goal outlined above in Section 4.2.6.

Table S: Summary of Toxicity Reference Values - Sediment

Receptor cocC TRV (mg/kg dw)
2-methylnaphthalene 0.24
Acenaphthene 0.11
Acenaphthylene 0.15
Anthracene 0.29
Benz(a)anthracene 0.83
Chrysene 1.0
Aquatic Invertebrates Fluoranthene 1.8
Fluorene 0.17
Naphthalene 0.47
Phenanthrene 0.65
Pyrene 1.7
Benzo(a)pyrene 0.92
Total PAHs 20

Tissue-based TRVs

A summary of tissue-based TRVs selected from the ERED database for invertebrates (crustacean and mollusk) is
presented in the tables below. Table 12 of Appendix | contains additional information regarding the rationale
behind the TRV selection, and the reference from which the TRV was obtained.
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Table T: Summary of Toxicity Reference Values - Crustacean Tissue

Receptor coc Mole.cular TRV Test. Type of Modified TRV
Weight (mgrkg ww) Endpoint Effect (mg/kg ww) **
2-methylnaphthalene Low 9.09 * - - 9.09
Acenaphthene Low 9.09 * - - 9.09
Acenaphthylene Low 9.09 * - - 9.09
Anthracene Low 9.09 LD22 Mortality 9.09
Benz(a)anthracene High 8.26 LD22 Mortality 8.26
. Chrysene High 3.15 LD22 Mortality 3.15
Inv@?tlejztrlactes Fluoranthene Low 40.5 ED25 Reproduction 40.5
Fluorene Low 85.38 ED17 Growth 85.38
Naphthalene Low 346.06 ED50 Mortality 69.2
Phenanthrene Low 303.0 ED50 Mortality 60.6
Pyrene High 1233.79 ED50 Mortality 246.76
Benzo(a)pyrene High 23 LC50 Mortality 4.6
Total PAHs n/a 0.096 LD10 Mortality 0.096
Notes:

Molecular Weight is based on the chemical structure reported in BC MOE 1993. PAH molecular weight varies based on chemical structure.
Lower molecular weight PAHs are in the two to three ring group and high molecular weight are in the four to seven ring group (BC MOE 1993).

EDXX: Effective Dose that produces an effect in XX% of the population

LDXX: Lethal dose in which XX% of the population dies

LC50: Lethal concentration in which 50% of the population dies

* No TRV found. Applied the TRV from PAHs with a TRV available based on similar chemical structure (BC MOE 1993).

** |f applicable, an ED20 or LC20 was estimated from the ED50 or LC50 using a modifying factor of five based on professional judgement.
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Table U: Summary of Toxicity Reference Values - Mollusk Tissue

Receptor cocC Molecular Weight (m g-/rlZ] wa) En-lt;i)sotint Téﬁcgc?f ?r/]lqogd/ggesw-l\—l)Rx
2-methylnaphthalene Low 29.4* - - 5.9
Acenaphthene Low 29.4 ED50 Growth 5.9
Acenaphthylene Low 29.4* - - 5.9
Anthracene Low 29.4* - - 5.9
Benz(a)anthracene High 0.6 NOED Mortality 0.6
Chrysene High 0.93 NOED Mortality 0.93
) Fluoranthene Low 15 LOED Mortality 15
Aquatic
Invertebrates Fluorene Low 15* - - 15
Naphthalene Low 31.3 ED50 Growth 6.3
Phenanthrene Low 15* - - 15
Pyrene High 1.08 NOED Mortality 1.08
Benzo(a)pyrene High 3.2 LOED Mortality 3.2
Total PAHs n/a 10.4 NOED Mortality 10.4
Notes:

Molecular Weight is based on the chemical structure reported in BC MOE 1993. PAH molecular weight varies based on chemical structure.
Lower molecular weight PAHs are in the two to three ring group and high molecular weight are in the four to seven ring group (BC MOE 1993).

ED50: Effective Dose that produces an effect in 50% of the population

NOED: No observed effect dose

LOED: Low observed effect dose

*No TRV found. Applied the TRV from PAHs with a TRV available based on similar chemical structure.

** |f applicable, an ED20 was estimated from the ED50 using a modifying factor of five based on professional judgement.
Sediment Toxicity Testing

Sediment toxicity testing was the third measure of effect used for benthic invertebrates. As per accepted practice,
comparing the Site sediment toxicity results with a negative laboratory control provided indications of the toxicity
of Site sediments and allowed for interpretation of the COC impacts to the Site. Test responses in the reference
sample (15SED11) were found to have no statistically significant differences to that of the negative control
sediment and therefore the reference sample results was not used in the interpretation of the Site sample results.

Maximum Permissible Adverse Effects

In accordance with BC MOE policy and the AELs established for the DRA, statistically significant reductions in a
test endpoint (e.g., mean survival, growth rate and normal development) of greater than 20% in a test sample
relative to control sediments were considered to be indicative of moderate toxicity. Statistically significant
reductions in a test endpoint of greater than 50% in a test sample relative to control sediments were considered to
be indicative of substantial toxicity.
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The results of the three sediment toxicity tests are presented below.

10-day Marine Amphipod Survival

Results of the amphipod survival tests are presented in the table below. Detailed results are presented in
Appendix G.

Table V: Results of 10-day Amphipod Survival Test on Eohaustorius estuarius

Mean Control Adjusted Magnitude of Reduction in Survival
Mean Survival Survival Relative to Control Sediment
Sample ID (%) (%) (%)
Negative Control Sediment 99 100 -
15SEDO2 99 100 <20
15SEDO3 95 96 <20
15SEDO5 98 99 <20
15SEDO06 97 98 <20
15SEDO7 99 100 <20
15SEDO08 98 99 <20

Notes:
BOLD - Magnitude of reduction in survival relative to negative sediment control is statistically significant and greater than 20%

None of the six Site samples tested had a statistically significant reduction in amphipod survival of greater than
20% relative to the laboratory negative control sediment.

The test results were considered by the testing laboratory to be valid based on the following quality
assurance/quality control results:

= Mean percent survival in the laboratory negative control sediment was greater than 90%.

= Results of reference toxicity tests conducted to assess the sensitivity and quality of the amphipods used in
the tests were within acceptable limits.

20-day Polychaete Survival and Growth

Results of the polychaete survival and growth tests are presented in the tables below. Detailed results are
presented in Appendix G.
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Table W: Results of 20-day Polychaete Survival and Growth Test on Neanthes arenaceodentata
— Survival Endpoint

Mean Control Adjusted Magnitude of Reduction in Survival
Mean Survival Survival Relative to Control Sediment
Sample ID (%) (%) (%)
Negative Control Sediment 92 100 -
15SEDO2 100 100 <20
15SEDO3 92 100 <20
15SEDO5 100 100 <20
15SEDO06 92 100 <20
15SEDOQ7 100 100 <20
15SEDO08 96 100 <20

Notes:
BOLD - Magnitude of reduction in survival relative to negative sediment control is statistically significant and greater than 20%

None of the six Site samples tested exhibited greater than 20% reduction in polychaete survival relative to the
laboratory negative control sediment.

Table X: Results of 20-day Polychaete Survival and Growth Test on Neanthes arenaceodentata —
Growth Endpoint

Mean Growth Rate . Mean Control Magnitude.of Reduction in Growth

Sample ID (mg/day) Adjusted Growth Rate | Rate Relative to Control Sediment
(%) (%)

Negative Control Sediment 0.80 100 -

15SEDO2 0.69 86 <20
15SEDO3 0.73 91 <20
15SEDO5 0.69 86 <20
15SEDO06 0.61 76 24
15SEDO7 0.72 90 <20
15SEDO08 0.66 83 <20

Notes:
BOLD - Magnitude of reduction in growth rate relative to negative sediment control is statistically significant and greater than 20%

None of the six Site samples tested had a statistically significant reduction in polychaete growth of greater than
20% relative to the laboratory negative control sediment (15SEDO6 showed a 24% growth rate reduction but was
deemed not a statistically significant reduction in growth).

The test results were considered by the testing laboratory to be valid based on the following quality
assurance/quality control results:

= Mean percent survival in the laboratory negative control sediment was greater than 90%.
= Mean growth rate in the negative control sediment was greater than 0.38 mg/individual/day.

= Initial mean dry worm weights were greater than 0.25 mg/worm and less than 1 mg/worm.
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= Results of reference toxicity tests conducted to assess the sensitivity and quality of the worms used in the
tests were within acceptable limits.

48-hour Bivalve Larval Development in Sediment Elutriate

Results of the bivalve larval development tests are presented in the tables below. Detailed results are presented
in Appendix G.

Table Y: Results of 48-hour Bivalve Larval Development Test on Mytilus galloprovincialis —
Normal Development Endpoint

Mean Normal Mean Control Adjusted Magnitude of Reduct|on.|n
Normal Development Relative to
Sample ID Development Normal Development .
Control Sediment
(%) (%)
(%)
Negative Control Seawater 86 - -
Negative Control Sediment 80 100 -
15SEDO2 88 100 <20
15SEDO3 86 100 <20
15SEDO5 80 100 <20
15SEDO06 88 100 <20
15SEDO7 83 100 <20
15SEDO08 87 100 <20

Notes:
BOLD - Magnitude of reduction in normal development relative to negative sediment control is statistically significant and greater than 20%

None of the six Site samples tested exhibited greater than 20% reduction in bivalve larval normal development
relative to the laboratory negative control sediment.

The test results were considered by the testing laboratory to be valid based on the following quality
assurance/quality control results:

= Mean percent survival and normal development in the laboratory negative seawater controls were greater
than 70%.

= Results of reference toxicity tests conducted to assess the sensitivity and quality of the bivalve larvae used in
the tests were within acceptable limits.

45.1.3 Birds/Mammals

Dose-based TRVs were used as the measures of effect for birds and mammals in LOE 4a and were selected
from the FCSAP Ecological Risk Assessment Guidance: Default TRVs Recommended for use at FCSAP Sites
(Environment Canada 2015). A summary of TRVs selected for birds and mammals is presented in the table below
and Tables I3 and 14 of Appendix | contain additional information regarding the rationale behind the TRV
selection, and the reference from which the TRV was obtained.
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Table Z: Summary of Toxicity Reference Values - Birds and Mammals

Molecular | TRV (mg/kg bw-day) Test Endpoint Type of Effect
coc Weight | Mammals | Birds Mammals Birds Mammals Birds
2-methylnaphthalene Low 65.6 * 15 ** - - - -
Acenaphthene Low 65.6 * 15 ** - - - -
Acenaphthylene Low 65.6 * 15 ** - - - -
Anthracene Low 65.6 * 15 ** - - - -
Survival,
Benz(a)anthracene High 0.615* 0.107 - NOEL - r:g(rjosruocvt\;tc;]n
effects.
Chrysene High 0.615* 0.107 ** - - - -
Fluoranthene Low 65.6 * 15 ** - - - -
Fluorene Low 65.6 * 15 ** - - -
The highest
bounded NOAEL Reproduction,
Naphthalene Low 65.6 15 that is lower than | NOEL growth and Mortality
the lowest survival
bounded LOAEL
Phenanthrene Low 65.6 * 15 ** - - - -
Pyrene High 0.615* 20.5 - NOEL - Mortality
The highest
bounded NOAEL Reproduction,
Benzo(a)pyrene High 0.615 0.107 ** | thatis lower than - growth and -
the lowest survival
bounded LOAEL
Total PAHs n/a - - - - - -

Notes:

Molecular Weight is based on the chemical structure reported in BC MOE 1993. PAH molecular weight varies based on chemical structure.
Lower molecular weight PAHs are in the two to three ring group and high molecular weight are in the four to seven ring group (BC MOE 1993).

- Not Applicable

* No TRV available. Applied the TRV from naphthalene to the other low molecular weight PAHs and applied the TRV from benzo(a)pyrene to
the other high molecular weight PAHSs.

** No TRV available. Applied the TRV from naphthalene to the other low molecular weight PAHs and applied the TRV from
benzo(a)anthracene to the other high molecular weight PAHs.

NOEL: No Observed Adverse Effect Level

LOEL: Lowest Observed Adverse Effect Level
4.6 Risk Characterization

Risk characterization integrates the measures of exposure and effect developed above into estimates of the
likelihood of unacceptable risks to each ROC. The following sections detail risk characterizations for each
receptor type assessed in the DRA.

43
TETRATECH EBA

City of Nanaimo DRA Report.docx



Organizational Quality. DETAILED RISK ASSESSMENT
Management Frogram FILE: ENVIND03511-02 | OCTOBER 2015 | ISSUED FOR USE

oM

4.6.1 Aquatic Macrophytes

In this section, the effects or hazards indicated by each LOE are identified and a risk conclusion for the aquatic
plant community is presented based on the overall WOE.

The LOEs considered for aquatic plants were as follows:
= LOE 1la: Plant tissue chemistry compared to TRVSs (i.e., Hazard Quotient).
= LOE1b: Apparent health of the plant community at the Site.

LOE 1la - Plant Tissue-Based Hazard Quotients

The plant tissue chemistry assessment involved comparing COC concentrations measured in Site plant tissues to
published effects threshold values.

Comparison between the measured tissue concentrations and the selected threshold values were completed by
calculating HQs. HQs were calculated using the following formula:

Maximum Tissue Concentration

HQ =

Toxicity Reference Value

The resultant HQs were then used to quantify hazard levels as follows:
= Negligible Hazard: HQs are equal to or less than one.

= Moderate Hazard: 102 HQ>1.

= High Hazard: HQ>10.

The table below presents the results of the tissue chemistry assessment.
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Table AA: Hazard Quotients for Aquatic Plants

DETAILED RISK ASSESSMENT
FILE: ENVIND03511-02 | OCTOBER 2015 | ISSUED FOR USE

Maximum Measured Tissue Threshold
Receptor cocC Tissue Concentration Effect Level (mg/kg HQ Hazard Level
(mg/kg ww) ww)
2-methylnaphthalene - 5.02 - -
Acenaphthene <0.0025 5.02 0.0005 Negligible
Acenaphthylene <0.0025 5.02 0.0005 Negligible
Anthracene <0.0025 5.02 0.0005 Negligible
Benz(a)anthracene 0.0031 4.36 0.0007 Negligible
Chrysene 0.0056 4.36 0.001 Negligible
Aquatic —
Fluoranthene 0.01 3.56 0.003 Negligible
Macrophyte —
Fluorene <0.0025 3.56 0.001 Negligible
Naphthalene <0.0025 5.02 0.0005 Negligible
Phenanthrene 0.0034 182.06 0.00002 Negligible
Pyrene 0.0072 4.66 0.002 Negligible
Benzo(a)pyrene <0.0050 4.66 0.001 Negligible
Total PAHs - - - -
Notes:

- Results not available.

Maximum measured concentrations of PAHSs in plant tissues were less than the selected tissue-based TRVs
(i.e., HQ<1) for each COC, indicating negligible hazard.

Based on the foregoing evaluation, the tissue concentrations detected in plant specimens collected on the Site
are considered to be indicative of negligible hazard.

LOE 1b - Apparent Health of the Plant Community

As no indications of adverse effects due to Site contamination were noted for the aquatic macrophyte community
during the dive survey (see Section 4.5.1.1), the effect level indicated by LOE 1b is considered to be negligible.

Weight of Evidence Evaluation — Aquatic Macrophyte Community

The weighting factors applied to each LOE in the problem formulation were re-evaluated in terms of ranking
values selected for the sensitivity, data quality / study design and representativeness attributes. Re-evaluation
indicates that the weighting factors applied to each LOE are still considered appropriate. No issues that relate to
these attributes were identified as part of the investigation / assessment.

The magnitude of effect/hazard and weighting factor for each LOE is summarized in the below table.

Table AB: Summary of Magnitude of Effect/Hazard for Aquatic Plant LOEs

LOE Plant Tissue Chemistry (LOE 1a) | Apparent Health of Plant Community (LOE 1b)

Magnitude of Effect/Hazard Negligible Negligible

LOE Weighting Factor 3.2 1
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The two LOEs indicate a negligible effect/hazard to aquatic plants at the Site. Consequently, risks to the aquatic
plant community at the Site are considered to be negligible.

4.6.2 Benthic Invertebrates

In this section, the effects or hazards indicated by each LOE are identified and a risk conclusion for the benthic
invertebrate community is presented based on the overall WOE.

The LOEs considered for benthic invertebrates were as follows:
= LOE 2a: Bulk sediment chemistry compared to TRVs (i.e., Hazard Quotient).

= LOE 2b: Sediment toxicity test results (magnitude of effect of Site sediment on invertebrate survival, growth
and reproduction in relative to negative control sediments, and degree of correlation with COCs).

= LOE 2c: Invertebrate chemistry compared to TRVSs (i.e., Hazard Quotient).

LOE 2a — Sediment-Based Hazard Quotients

Benthic invertebrate HQs based on sediment concentrations were calculated by dividing sediment EPCs by
sediment TRVs. The table below provides the HQ results for this receptor group. Recall that the following criteria
were applied when determining the hazard indicated by the HQs:

= Negligible Hazard: HQs are equal to or less than one.
= Moderate Hazard: 102 HQ>1.

= High Hazard: HQ>10.

Table AC: Hazard Quotients for Benthic Invertebrates — Sediment Chemistry

Receptor CcocC EPC (mg/kg dw) | TRV (mg/kg dw) HQ Hazard Level

2-methylnaphthalene 4.3 0.24 17.9 High

Acenaphthene 0.9 0.11 8.2 Moderate

Acenaphthylene 0.2 0.15 1.3 Moderate

Anthracene 15 0.29 5.2 Moderate

Benz(a)anthracene 1.2 0.83 1.4 Moderate

Chrysene 2.0 1.0 2.0 Moderate

Fluoranthene 7.2 1.8 4.0 Moderate

Fluorene 1.0 0.17 5.9 Moderate

Benthic Invertebrates Naphthalene 3.1 0.47 6.6 Moderate

Phenanthrene 3.6 0.65 5.5 Moderate

Pyrene 6.1 1.7 3.6 Moderate

Benzo(a)pyrene 0.6 0.92 0.7 Negligible

Total PAHs 17.7 20 0.9 Negligible

In total, 11 sediment COCs have been classified as posing a moderate or high hazard to the benthic invertebrate
community while two pose a negligible hazard, based on the sediment concentrations present.
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Overall, the hazard level indicated by LOE 2a is considered moderate.

LOE 2b — Toxicity Test Results

As detailed in Section 4.5.1.2 above, a battery of laboratory toxicity tests were run on several sediment samples
from the Site. Of the six samples tested in the 10-day amphipod survival and 20-day polychaete survival
bioassays, all exhibited no or negligible effects on survival. Of the six samples tested in the 48-hour bivalve larval
development bioassay, all exhibited no or negligible effects on normal development. Of the six samples tested in
the 20-day polychaete growth bioassay, all but one exhibited no or negligible effects. The single sample for which
effects were observed exhibited a 24% reduction in growth rate relative to the negative control sediment which
marginally exceeds the mandated protection goal of 20%. However, the effect was not statistically significant.

Overall, the effect level indicated by LOE 2b is considered negligible.

LOE 2c - Benthic Invertebrate Tissue-Based Hazard Quotients

The benthic invertebrate tissue chemistry assessment involved comparing COC concentrations measured in Site
invertebrate tissues to published effects threshold values.

Comparison between the measured tissue concentrations and the selected threshold values were completed by
calculating HQs.

Recall that the following criteria were applied when determining the hazard indicated by the HQs:
= Negligible Hazard: HQs are equal to or less than one.

= Moderate Hazard: 102 HQ>1.

= High Hazard: HQ>10.

See the tables below for the calculated HQs for invertebrate tissue chemistry (crustacean and mollusk).

Table AD: Hazard Quotients for Benthic Invertebrates — Crustacean Tissue

Source cocC EPC (mg/kg ww) | TRV (mg/kg ww) HQ Hazard Level

2-methylnaphthalene - 9.09 - -

Acenaphthene <0.0025 9.09 0.0003 Negligible

Acenaphthylene <0.0025 9.09 0.0003 Negligible

Anthracene <0.0025 9.09 0.0003 Negligible

Benz(a)anthracene <0.0025 8.26 0.0003 Negligible

] Chrysene <0.0025 3.15 0.001 Negligible

(A:?S;glzér;\:]ertebrates i Fluoranthene <0.0025 40.5 0.0001 Negligible

Fluorene <0.0025 85.38 0.00003 Negligible

Naphthalene <0.0025 69.21 0.00004 Negligible

Phenanthrene <0.0025 60.6 0.00004 Negligible

Pyrene <0.0025 246.76 0.00001 Negligible

Benzo(a)pyrene <0.0050 4.66 0.001 Negligible
Total PAHs - 0.096 - -

Notes: - Hazard level not assessed as no HQ calculated
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Table AE: Hazard Quotients for Benthic Invertebrates — Mollusk Tissue

Source CcocC EPC (mg/kg ww) | TRV (mg/kg ww) HQ Hazard Level

2-methylnaphthalene - 5.88 - -

Acenaphthene <0.0025 5.88 0.0004 Negligible

Acenaphthylene <0.0025 5.88 0.0004 Negligible

Anthracene 0.0059 5.88 0.001 Negligible

Benz(a)anthracene 0.0043 0.6 0.007 Negligible

) Chrysene 0.0064 0.93 0.007 Negligible

CI?)LIJI?Jtin Invertebrates - Fluoranthene 0.0118 15 0.008 Negligible

Fluorene <0.0025 15 0.002 Negligible

Naphthalene <0.0025 6.26 0.0004 Negligible

Phenanthrene 0.0068 15 0.005 Negligible

Pyrene 0.0077 1.08 0.007 Negligible

Benzo(a)pyrene <0.0050 3.2 0.002 Negligible
Total PAHs - 10.4 - -

Notes: - Hazard level not assessed as no HQ calculated

Maximum tissue concentrations detected in invertebrate tissues for both crustaceans and mollusks on the Site
were less than the selected tissue-based TRVs (i.e., HQ<1) for each COC, indicating negligible hazard.

Weight of Evidence Evaluation - Marine Benthic Invertebrate Community

The weighting factors applied to each LOE in the problem formulation were re-evaluated in terms of weighting
values selected for the sensitivity, data quality / study design and representativeness attributes. Re-evaluation
indicates that the weighting factors applied to each LOE are still considered appropriate. No issues that relate to
these attributes were identified as part of the investigation / assessment.

The magnitude of effect/hazard and weighting factor for each LOE is summarized in the table below.

Table AF: Summary of Magnitude of Effect/Hazard for Marine Benthic Invertebrate LOEs

. . . Toxicity Test Results .
Sediment Tissue Toxicity Test Results Polvchaste Survival/ Toxicity Test Results
LOE Chemistry | Chemistry | —Amphipod Survival | ~T0Yenaete suviva — Bivalve Development
(LOE2a) | (LOE 2c) (LOE 2b) Growth (LOE 2b)
(LOE 2b)
Magnitude of - - - -
Effect /Hazard Moderate Negligible Negligible Negligible Negligible
LOE Weighting 2.5 3.2 4.2 4.2 4.2
Factor

Moderate hazard was indicated by LOE 2a (sediment chemistry). However this finding was refuted by the
remaining, higher weighted LOE which all indicated negligible effects. Consequently, risks to the benthic
invertebrate community at the Site are considered to be negligible.
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4.6.3 Fish

In this section, the effects or hazards indicated for the LOE identified and a risk conclusion for the fish community
is presented.

LOE 3a — Risk Conclusion for Plant and Benthic Invertebrate Communities

As indicated in Section 4.2.6.3, the characterization of risks to marine fish was based on the results of benthic
invertebrate and aquatic macrophyte risk assessments. As risks to the marine benthic invertebrate and
macrophyte communities are classified as negligible, the same risk classification is assumed for marine fish.

Basing the fish risk classification on the benthic invertebrate and plant results presents some uncertainty.
However, as this uncertainty is biased in an overprotective manner, this approach is considered to be protective
of fish. Uncertainty is considered to be biased in an overprotective manner given that fish species are generally
more mobile than benthic invertebrates and plants and are not in continuous contact with sediment. For these
reasons, fish exposure to sediment contamination is likely to be less.

4.6.4 Birds/Mammals

In this section, the effects or hazards indicated by the LOE identified and a risk conclusion for birds and mammals
is presented.

LOE 4a — Comparison of Total Daily Oral Contaminant Doses to TRVs

For birds and mammals, the hazard quotient method involved comparisons of estimated daily oral contaminant
intakes for select surrogate species to TRVs to derive HQs for each COC/ROC combination.

The resultant HQs were then used to quantify hazard levels as follows:
= Negligible Hazard: HQs are equal to or less than one.
= Moderate Hazard: 102 HQ>1.
= High Hazard: HQ>10.

See the table below and in Appendix H (Table H4) for the calculated HQ results.
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Table AG: Hazard Quotients for Mammals and Birds

Source cocC Total Exposure (mg/kg-day) | TRV (mg/kg-day) HQ Hazard Level
2-methylnaphthalene - 65.6 - -
Acenaphthene 0.0009 65.6 0.00001 Negligible
Acenaphthylene 0.0006 65.6 0.00001 Negligible
Anthracene 0.002 65.6 0.00003 Negligible
Benz(a)anthracene 0.001 0.615 0.002 Negligible
Chrysene 0.002 0.615 0.003 Negligible
Mammals Fluoranthene 0.006 65.6 0.00008 Negligible
Fluorene 0.0009 65.6 0.00001 Negligible
Naphthalene 0.002 65.6 0.00002 Negligible
Phenanthrene 0.003 65.6 0.00005 Negligible
Pyrene 0.004 0.615 0.006 Negligible
Benzo(a)pyrene 0.001 0.615 0.002 Negligible
Total PAHs - - - -
2-methylnaphthalene - 15 - -
Acenaphthene 0.002 15 0.0001 Negligible
Acenaphthylene 0.001 15 0.00008 Negligible
Anthracene 0.002 15 0.0002 Negligible
Benz(a)anthracene 0.003 0.107 0.03 Negligible
Chrysene 0.004 0.107 0.04 Negligible
Birds Fluoranthene 0.01 15 0.001 Negligible
Fluorene 0.002 15 0.0001 Negligible
Naphthalene 0.003 15 0.0002 Negligible
Phenanthrene 0.01 15 0.0004 Negligible
Pyrene 0.01 20.5 0.0004 Negligible
Benzo(a)pyrene 0.003 0.107 0.03 Negligible
Total PAHs - - - -

Notes: - Exposure data was not available

Estimated intakes calculated for both mammals and birds on the Site were less than the selected TRVs
(i.e., HQ<1) for each COC, indicating negligible hazard.

Consequently, risks to bird and mammal populations at the Site are considered to be negligible.
5.0 DRA UNCERTAINTY ASSESSMENT

The risk assessment process has inherent uncertainties associated with the calculations and assumptions used.
When data were not available, assumptions used in the risk assessment erred on the side of conservatism to
prevent underestimating risks. Thus, the potential risks presented in the risk assessment are likely to be higher
than the actual risks experienced by potentially exposed receptors. The overall intent of the uncertainty analysis is
to identify sources of uncertainty that contribute to the overall level of confidence that can be placed on the risk
estimates, which aids the process of making decisions regarding the potential use of mitigation or remediation
measures at a site.
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Included in the attached Appendix J is the Protocol 20: Detailed Ecological Risk Assessment Requirements
checklist.

51 Data Collection/Evaluation Uncertainties

Tetra Tech EBA is confident that measured tissue and sediment concentrations represent the range of
concentrations present at the Site. A moderate to high degree of certainty exists for data representing natural
variability (over space and time) at the Site for tissue and sediment.

5.2 Exposure Assessment Uncertainties

5.2.1 Exposure Point Concentrations and Exposure Estimate Uncertainties
The main uncertainties associated with the exposure point concentrations and exposure estimates are:

= If Site utilization by the identified receptors is not uniform (for example, if receptors had access to only a
small portion of the Site), it is possible that COC concentrations in these areas may be lower or higher than
those used in this assessment, thereby resulting in lower or higher risk estimates. However, the sample
coverage is thought to be adequate based on reasons given above in Section 5.1, and therefore it is not
expected that the risks associated with sub-areas would differ significantly from those estimated for the entire
Site. Therefore, the overall effect of non-uniform site use is thought to be risk-neutral.

= Use of a deterministic (point estimate) approach to characterize risks likely overestimates risks since it
assumes that receptors are exposed to one upper bound COC concentration only (95% UCLM, 90th
percentile or maximum) and not the range of concentrations at a Site. This approach is standard for a risk
assessment so that risks are not underestimated.

5.2.2 Wildlife Diet Model Uncertainties

For the river otter, it was assumed that fish and small mammals/birds dietary components contain the same tissue
concentrations as measured in crustacean/mollusk tissue at the Site.

It is possible that by using tissue concentrations from other species to estimate exposure that exposure may be
lower or higher than those used in this assessment, thereby resulting in lower or higher risk estimates. However,
the diet exposure estimate is thought to be adequate due to the fact that the majority of the COCs on the Site are
not bioaccumulative in tissues and do not biomagnify up the food chain and using a lower food chain species
would not underestimate the COC concentration in tissues. Therefore, the overall effect of using tissue results
from a lower food chain species is thought to be risk-neutral.

5.3 Effects Assessment Uncertainties

In the problem formulation, it was stated that for the assessment of plants, invertebrates, fish, birds and mammals
at the Site, an AEL of 20% was used, based on BC MOE policy. During the toxicity/effects assessment a literature
review of available tissue and dose-based toxicity endpoints for the COCs identified on the Site resulted in some
endpoints that were greater than 20% (i.e., ED50 and LC50) for plants and invertebrates. During the assessment
we estimated an ED20 or LC20 value using the ED50 or LC50 value by applying a modifying factor of five based
on professional judgement.

Applying the modifying factor to estimate a 20% AEL contributes uncertainty to the accuracy of the risk estimates.
However, the resulting hazard quotients were at least 25 times below unity (1) and therefore this uncertainty is not
expected to influence overall risk conclusions.
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For plant, invertebrate, bird and mammal hazard quotient calculations, TRVs were applied from PAHs with a TRV
available to PAHSs that did not have TRVs available. PAHs with similar chemical structure were used. This may
cause an overestimate or underestimate of risk. However, TRVs for PAHs are often grouped based on chemical
structure and the groups exhibit similar effects.

54 Risk Characterization Uncertainties

Risk characterization integrates measures of exposure and effect into estimates of the likelihood of unacceptable
risks to each ROC. As stated above, a WOE approach to risk characterization was applied in this risk assessment
for select receptor groups which considered the results from multiple LOEs. There is uncertainty associated with a
WOE method.

5.4.1 LOE Weightings

Uncertainty is associated with the weightings assigned to each LOE considered in the risk characterizations for
benthic invertebrates and plants. LOEs were weighted according to the guidance provided by SABCS (2010).
Although the weightings assigned may be somewhat uncertain when considered individually, there is a high
degree of confidence that the weightings are appropriate when considered relative to one another, which is a
more important factor in risk characterization.

5.4.2 Applying Benthic Invertebrate and Plant Risk Results to Fish (LOE 3a)

Basing risk classification for fish (LOE3a) on that of benthic invertebrates and plants presents some uncertainty.
However, as this uncertainty is biased in an overprotective manner, this approach is considered to be protective
of fish. Uncertainty is considered to be biased in an overprotective manner given that fish species are generally
more mobile than benthic invertebrates and plants and are not in continuous contact with sediment. For these
reasons, fish exposure to sediment contamination is likely to be less.

6.0 CONCLUSIONS

For this DRA, the risks posed by sediment contamination to humans and ecological receptors based on the
current Site uses and conditions were evaluated. It was determined that there is no operable pathway for human
exposures to sediment contamination and therefore human health risks did not require quantification.

Risks to aquatic vegetation, invertebrates, birds and mammals and fish were assessed in detail using various
lines of evidence.

The overall findings of the risk assessment indicated that the human health and ecological risks posed by the
sediment contamination present on the Site are negligible.

This risk assessment is based on the following key assumptions:
= Current Site uses and conditions as an active commercial/industrial harbour; and
= No seafood for human consumption is collected from the Site.

If uses and conditions of the Site are modified significantly from that assumed in this report during future
development, an update to this risk assessment may be required.

In addition, the risk assessment addresses contamination within the Site boundary only. Potential risks to off-Site
receptors were not evaluated during this DRA.
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7.0 QUALIFICATIONS OF ASSESSORS

Kristy Gabelhouse, R.P.Bio. — Report Author

Ms. Gabelhouse has seven years of contaminated sites experience including Stage 1/2 Preliminary Site
Investigations, detailed site investigations and human health and ecological risk assessments.

Ms. Gabelhouse was the author of this report.
Scott Steer, R.P.Bio., CSAP — Senior Review

Mr. Steer is an Approved Risk Assessment Specialist with the Society of Contaminated Sites Approved
Professionals of British Columbia with more than 15 years of experience in contaminated site assessment, human
health and ecological risk assessment, and environmental toxicology.

Mr. Steer provided senior input and the primary senior reviewer of this report.
Martin Jarman, P.Geo., CSAP — Senior Review

Mr. Jarman is a Senior Environmental Scientist with 20 years of experience in conducting the investigation and
remediation of contaminated sites and overall environmental management. As a Member of the BC Contaminated
Sites Approved Professional Society (CSAP), Mr. Jarman has been involved in the detailed review of all stages of
environmental reports and completed over 20 recommendations to the Ministry of Environment for legal
instruments for various sites across BC since 2007.

Mr. Jarman provided senior input and also senior review on portions of this report.
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8.0 CLOSURE

We trust this report meets your present requirements. Should you have any questions or comments, please
contact the undersigned.

Respectfully submitted,
Tetra Tech EBA Inc.

Prepared by: Senior Reviewed by:

oy Able-

Kristy Gabelhouse, R.P.Bio. Scott Steer, R.P.Bio., CSAP
Intermediate Risk Assessor Environmental Toxicologist

Tetra Tech EBA Inc. Steer Environmental Associates Ltd.
Direct Line: 250.756.2256 Direct Line: 250.551.3507
kristy.gabelhouse@tetratech.com scott.steer@steerenvironmental.com

Senior Reviewed by:

Martin Jarman, P.Geo., CSAP
Senior Environmental Consultant
Direct Line: 250.797.0282
jarmanm@shaw.ca

/dr
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Table 1. DSI Sediment Analytical Results - PAHs

barametors Uit CSR - Marine Cg;i-nfrefv:tirie Protocol 11 - Location 09-43 09-44 09-45 09-46 09-47 09-48 14SEDO1L 14SED02 14SEDO3
Sediment - Sensitive Typical Typical Date 4/28/2009 4/28/2009 4/28/2009 4/28/2009 4/28/2009 4/28/2009 9/18/2014 9/18/2014 9/18/2014
Depth (mbgs) Surficial Surficial Surficial Surficial Surficial Surficial Surficial Surficial Surficial
Physical Parameters
pH (Lab) pH Units - - - - - - - - - 7.67 8.2 -
Moisture % - - - - - - - - - 27 33 21
pH (aqueous extract) pH Units - - - - - - - - - 7.67 8.2 -
IARC Cancer - - - - - - - - - - - - -
TEQ Total - - - - - - - - - - - - -
Polycyclic Aromatic Hydrocarbons (PAHSs)
2-methylnaphthalene ua/g 0.12 0.24 2.4 0.18 6 1.5 2.8 1.4 18 0.45
Acenaphthene ua/g 0.055 0.11 1.1 0.04 0.26 0.47 0.92 0.63 0.89 0.44 0.68 0.12
Acenaphthylene ua/g 0.079 0.15 1.5 0.05 0.05 0.05
Anthracene uglg 0.15 0.29 2.9 0.03 0.32 0.29 1.5 0.99 1.5 0.44 0.35 0.082
Benzo(a)anthracene ua/g 0.43 0.83 8.3 0.03 0.33 0.28 14 0.65 19 0.42 0.45 0.073
Chrysene uglg 0.52 1 10 0.03 0.3 0.39 2 0.87 2.9 0.53 0.58 0.07
Fluoranthene uglg 0.93 1.8 18 0.12 0.83 1.4 6.1 3.2 8.2 1.7 2.6 0.29
Fluorene uglg 0.089 0.17 1.7 0.04 0.39 0.43 1.2 0.81 1.2 0.39 0.55 0.1
Naphthalene uglg 0.24 0.47 4.7 0.16 3.1 13 2.6 17 3 11 1.7 0.33
Phenanthrene ua/g 0.34 0.65 6.5 0.1 19 1 3.4 2.1 3.8 1 16 0.24
Pyrene uglg 0.87 1.7 17 0.11 1.1 1.1 5.8 2.7 7.3 1.7 1.9 0.32
Benzo(a)pyrene ua/g 0.47 0.92 9.2 0.16 0.14 0.78 0.3 12 0.22 0.22
Total PAHs uglg 10 20 200 - - - - - - 9.3 12 2.1
NOTES:
- Not analyzed or no applicable CSR standard
CSR BC Contaminated Sites Regulation (BC Reg. 324/04, includes amendments up to B.C. Reg. 4/2014 -
January 31, 2014 - Schedule 9).
CSR - Sediment CSR Quiality Criteria for the protection of sensitive marine sediment.
A value below the laboratory detection limit.
Bold Bold indicates an exceedance of the CSR Marine Sediment - Sensitive standard.
Red and Underlined Red and underlined indicates an exceedance of the CSR Marine Sediment - Typical standard.
Bold and Shaded Bold and shaded indicates an exceedance of applicable Protocol 11 Upper Cap concentrations for

Typical sediments.
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Table 1. DSI Sediment Analytical Results - PAHs

barametors Uit CSR - Marine Cg;i-nfrefv:tirie Protocol 11 - Location 14SED04 14SED05 14SEDO06 14SEDO7 14SED08 14SED09 14SED10 14SED11 14SED12 14SED13
Sediment - Sensitive Typical Typical Date 9/18/2014 9/18/2014 9/18/2014 9/18/2014 9/18/2014 9/18/2014 9/18/2014 9/18/2014 9/18/2014 9/18/2014
Depth (mbgs) Surficial Surficial Surficial Surficial Surficial Surficial Surficial Surficial Surficial Surficial
Physical Parameters
pH (Lab) pH Units - - - 8.22 - 7.86 - 8.26 - - 7.99 - -
Moisture % - - - 23 29 18 24 30 31 23 27 39 28
pH (aqueous extract) pH Units - - - 8.22 - 7.86 - 8.26 - - 7.99 - -
IARC Cancer - - - - - - - - - - - - - -
TEQ Total - - - - - - - - - - - - - -
Polycyclic Aromatic Hydrocarbons (PAHSs)
2-methylnaphthalene ua/g 0.12 0.24 2.4 2.3 0.92 0.56 1 0.81 0.59 1.2 0.8 0.97 12
Acenaphthene ua/g 0.055 0.11 1.1 1.1 0.98 0.16 0.31 0.53 0.29 0.29 0.27 0.39 0.5
Acenaphthylene ua/g 0.079 0.15 1.5 0.16 0.15 0.057
Anthracene uglg 0.15 0.29 2.9 0.95 0.63 0.1 0.25 17 0.25 0.18 0.23 0.39 0.31
Benzo(a)anthracene ua/g 0.43 0.83 8.3 1.1 12 0.089 0.33 0.85 0.45 0.16 0.19 0.53 0.31
Chrysene uglg 0.52 1 10 1.9 2.4 0.092 0.4 11 0.45 0.16 0.22 0.69 0.36
Fluoranthene uglg 0.93 1.8 18 11 17 0.37 1.3 4.7 2.2 0.7 0.84 15 1.4
Fluorene uglg 0.089 0.17 1.7 11 0.94 0.13 0.36 0.55 0.26 0.24 0.25 0.37 0.4
Naphthalene uglg 0.24 0.47 4.7 1.6 1 0.47 0.68 0.8 0.59 0.77 0.58 0.72 0.96
Phenanthrene ua/g 0.34 0.65 6.5 7.4 5.4 0.32 0.86 2.6 0.73 0.62 0.66 1.1 0.97
Pyrene uglg 0.87 1.7 17 6.4 9.1 0.38 1.2 3 0.99 0.7 0.81 1.3 2
Benzo(a)pyrene uglg 0.47 0.92 9.2 0.41 0.62 0.19 0.33 0.19 0.067 0.086 0.29 0.18
Total PAHs uglg 10 20 200 35 41 2.7 6.9 17 7 5 4.9 8.2 8.5
NOTES:
- Not analyzed or no applicable CSR standard
CSR BC Contaminated Sites Regulation (BC Reg. 324/04, includes amendments up to B.C. Reg. 4/2014 -
January 31, 2014 - Schedule 9).
CSR - Sediment CSR Quiality Criteria for the protection of sensitive marine sediment.
A value below the laboratory detection limit.
Bold Bold indicates an exceedance of the CSR Marine Sediment - Sensitive standard.
Red and Underlined Red and underlined indicates an exceedance of the CSR Marine Sediment - Typical standard.
Bold and Shaded Bold and shaded indicates an exceedance of applicable Protocol 11 Upper Cap concentrations for

Typical sediments.
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Table 1. DSI Sediment Analytical Results - PAHs

barametors Uit CSR - Marine Cg;i-nfrefv:tirie Protocol 11 - Location 14SED14 14SED15 14SED16 14SED17 14SED18 14SED023-A 14SED023-B 14SED023-C 14SED023-D
Sediment - Sensitive Typical Typical Date 9/18/2014 9/18/2014 9/18/2014 9/18/2014 9/18/2014 11/6/2014 11/6/2014 11/6/2014 11/6/2014
Depth (mbgs) Surficial Surficial Surficial Surficial Surficial Surficial Surficial Surficial Surficial
Physical Parameters
pH (Lab) pH Units - - - 8.1 - 7.79 8 7.84 - - - -
Moisture % - - - 31 26 33 33 43 29 30 25 29
pH (aqueous extract) pH Units - - - 8.1 - 7.79 8 7.84 - - - -
IARC Cancer - - - - - - - - - 0.26 0.27 1 0.29
TEQ Total - - - - - - - - - 4 4.3 13 4.3
Polycyclic Aromatic Hydrocarbons (PAHSs)
2-methylnaphthalene ua/g 0.12 0.24 2.4 1.3 16 1.9 0.94 1.2 5.3 34 2.7 5.9
Acenaphthene ua/g 0.055 0.11 1.1 0.48 0.47 0.68 0.54 0.51 0.83 0.66 0.49 0.86
Acenaphthylene ua/g 0.079 0.15 1.5 0.053 0.064 0.061 0.035 0.034 0.15 0.042
Anthracene uglg 0.15 0.29 2.9 0.5 0.31 0.71 0.4 0.64 0.55 0.55 1.3 0.64
Benzo(a)anthracene ua/g 0.43 0.83 8.3 0.63 0.31 0.66 0.44 74 0.38 0.43 0.94 0.41
Chrysene ua/g 0.52 1 10 0.96 0.38 0.89 0.49 11 0.38 0.47 0.91 0.41
Fluoranthene ua/g 0.93 1.8 18 2.9 1 2.3 2 2.4 11 15 2.6 11
Fluorene uglg 0.089 0.17 1.7 0.44 0.37 0.63 0.54 0.51 0.61 0.63 0.68 0.65
Naphthalene ua/g 0.24 0.47 4.7 1 11 1.4 0.77 0.97 3.3 2.2 17 3.6
Phenanthrene ua/g 0.34 0.65 6.5 1.2 0.99 1.6 17 1.2 17 1.4 3 1.8
Pyrene uglg 0.87 1.7 17 3 1.2 2.5 1.7 2.8 1 1.2 2.6 1.1
Benzo(a)pyrene uglg 0.47 0.92 9.2 0.38 0.13 0.39 0.19 0.44 0.15 0.16 0.67 0.17
Total PAHs ua/g 10 20 200 13 79 14 9.7 13 15 13 18 17
NOTES:
- Not analyzed or no applicable CSR standard
CSR BC Contaminated Sites Regulation (BC Reg. 324/04, includes amendments up to B.C. Reg. 4/2014 -
January 31, 2014 - Schedule 9).
CSR - Sediment CSR Quiality Criteria for the protection of sensitive marine sediment.
A value below the laboratory detection limit.
Bold Bold indicates an exceedance of the CSR Marine Sediment - Sensitive standard.
Red and Underlined Red and underlined indicates an exceedance of the CSR Marine Sediment - Typical standard.
Bold and Shaded Bold and shaded indicates an exceedance of applicable Protocol 11 Upper Cap concentrations for

Typical sediments.
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Table 1. DSI Sediment Analytical Results - PAHs

barametors Uit CSR - Marine Cg;i-nfrefv:tirie Protocol 11 - Location 14SED019@1.1 | 14SED020@1.0 | 14SED021@1.5 | 14SED022@1.5 | 14SED023@1.8 | 14SED024@1.3
Sediment - Sensitive Typical Typical Date 11/6/2014 11/6/2014 11/6/2014 11/6/2014 11/6/2014 11/6/2014
Depth (mbgs) 1.1 1.0 15 15 1.8 1.3
Physical Parameters
pH (Lab) pH Units - - - - - - - - -
Moisture % - - - 31 7.1 10 20 15 19
pH (aqueous extract) pH Units - - - - - - - - -
IARC Cancer - - - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
TEQ Total - - - - 0.11 <0.1 <0.1 0.11 0.11 0.11
Polycyclic Aromatic Hydrocarbons (PAHSs) Max Median Average 90th percentile
2-methylnaphthalene ua/g 0.12 0.24 2.4 0.01 0.0017 0.029 0.045 0.058 0.092 6.000 1.350 2.040 4.740
Acenaphthene ua/g 0.055 0.11 1.1 <0.005 <0.0005 0.0075 0.0057 0.011 <0.0081 1.100 0.495 0.528 0.899
Acenaphthylene ua/g 0.079 0.15 1.5 <0.005 <0.0005 <0.0005 <0.005 <0.005 <0.005 0.200 0.050 0.073 0.153
Anthracene ua/g 0.15 0.29 2.9 <0.01 <0.001 0.0037 <0.01 <0.01 <0.01 1.700 0.420 0.575 1.360
Benzo(a)anthracene ua/g 0.43 0.83 8.3 <0.01 <0.001 0.0041 <0.01 <0.01 <0.01 1.900 0.435 0.560 1.130
Chrysene ua/g 0.52 1 10 <0.01 <0.001 0.0058 <0.01 <0.01 <0.01 2.900 0.480 0.765 1.930
Fluoranthene ua/g 0.93 1.8 18 <0.01 0.0016 0.0061 0.018 0.021 <0.01 17.000 1.600 2.941 6.730
Fluorene ua/g 0.089 0.17 1.7 <0.01 <0.001 0.0041 <0.01 <0.01 <0.01 1.200 0.475 0.528 0.988
Naphthalene ua/g 0.24 0.47 4.7 <0.01 0.0013 0.014 0.023 0.034 0.062 3.600 1.050 1.400 3.030
Phenanthrene ua/g 0.34 0.65 6.5 0.011 0.0016 0.02 0.023 0.022 0.023 7.400 1.300 1.800 3.520
Pyrene ua/g 0.87 1.7 17 <0.01 0.0014 0.0066 0.014 0.026 <0.01 9.100 1.500 2.322 5.980
Benzo(a)pyrene ua/g 0.47 0.92 9.2 <0.01 <0.001 0.0026 <0.01 <0.01 <0.01 1.200 0.190 0.292 0.635
Total PAHs ua/g 10 20 200 0.021 0.0076 0.1 0.13 0.17 0.18 41.000 10.850 12.736 17.900
NOTES:
- Not analyzed or no applicable CSR standard
CSR BC Contaminated Sites Regulation (BC Reg. 324/04, includes amendments up to B.C. Reg. 4/2014 -
January 31, 2014 - Schedule 9).
CSR - Sediment CSR Quiality Criteria for the protection of sensitive marine sediment.
A value below the laboratory detection limit.
Bold Bold indicates an exceedance of the CSR Marine Sediment - Sensitive standard.
Red and Underlined Red and underlined indicates an exceedance of the CSR Marine Sediment - Typical standard.
Bold and Shaded Bold and shaded indicates an exceedance of applicable Protocol 11 Upper Cap concentrations for

Typical sediments.
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Table 2: DSI Sediment Analytical Results - Metals

Parameters Unit CSR - Marlne_ _Sedlment C.SR - Marln? Location 14SEDO1 14SED02 14SED04 14SEDO06 14SED08 14SED11 14SED14 14SED16 14SED17 14SED18
- Sensitive Sediment - Typical Date 0/16/2014 0/16/2014 0/16/2014 0/16/2014 0/16/2014 0/16/2014 0/16/2014 0/16/2014 0/16/2014 0/16/2014

Depth (mbgs) Surficial Surficial Surficial Surficial Surficial Surficial Surficial Surficial Surficial Surficial
Metals
Aluminium uglg B - 13,000 14,800 13,600 12,900 12,800 11,300 13,400 10,700 13,900 13,400
Antimony Ho/g - - 0.12 0.16 0.19 0.1 0.2 0.1 0.2 0.19 0.1: 0.3
Arsenic uglg 26 50 41 4.07 4.04 33 4.29 3.4 413 5.1 4.0 5.52
Barium Ho/g - - 40.7 41.8 41.9 315 42.1 38. 45.1 46.6 42. 46.4
Beryllium Hg/g - - <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.. <0.4
Bismuth Hg/g - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Cadmium Hg/g 2.6 5 0.42 0.719 0.378 0.294 0.538 0.376 0.51 0.714 0.517 0.735
Calcium Hg/g - - 7740 17,200 11,200 7880 56,500 7560 10,100 8350 10,000 11,200
Chromium Hg/g 99 190 18.9 23.8 22.6 17.2 20.6 18.4 21.2 23.8 21 25.1
Cobalt Hg/g - - 6.46 6.98 6.62 6.37 6.33 6.21 6.47 6.26 6.84 6.53
Copper Hg/g 67 130 40.3 39.8 475 23 325 28 30.2 41.4 44.7 415
Iron Hg/g - - 16,100 18,800 17,000 15,600 18,000 15,100 16,800 16,100 17,800 18,800
Lead Hg/g 69 130 15.8 6.97 6.86 3.61 6.11 4.65 7.79 9.46 7.01 11.7
Lithium Hg/g - - 17.2 19.5 17 15.4 18.8 17.4 18.3 18.8 18.6 18.3
Magnesium Hg/g - - 6040 6740 6170 5960 6670 5480 6220 5850 6510 6730
Manganese Hg/g - - 209 232 220 217 214 214 209 204 222 211
Mercury Hg/g 0.43 0.84 0.065 0.071 0.069 <0.05 0.069 <0.05 0.077 0.081 0.063 0.123
Molybdenum Hg/g - - 1.04 1.61 1 0.76 1.68 0.8 1.46 1.94 1.29 2.46
Nickel Hg/g - - 18.3 20.7 25.8 16.2 19.5 18.2 19.3 24.7 18.5 20.4
Phosphorus (P) Ho/g - - 455 537 443 425 481 423 521 447 498 518
Potassium Hg/g - - 926 1160 939 729 1110 790 1010 940 1060 1200

Hg/g - - <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Silver Hg/g - - <0.05 0.084 0.06 <0.05 0.075 <0.05 0.083 0.101 0.072 0.093
Sodium Hg/g - - 2990 3600 2710 2390 5460 2450 3550 4350 4270 6430
Strontium Hg/g - - 47.7 84.8 59.8 375 291 46.5 57.1 71.1 52.4 68
Thallium Hg/g - - 0.22 0.217 0.22 0.187 0.182 0.214 0.246 0.189 0.202 0.232
Tin Hg/g - - 0.56 0.73 0.56 0.29 0.7 0.39 0.65 0.99 0.72 1.48
Titanium Hg/g - - 1190 1270 1100 1300 1030 1220 1140 910 1260 1120
Uranium Hg/g - - 0.507 0.77 0.492 0.602 0.761 0.511 0.8 0.669 0.758 0.83
Vanadium Hg/g - - 45 52.8 45.9 43.9 45 44.6 47.3 42.6 48.7 46.5
Zinc Hg/g 170 330 40.5 53.2 44.7 32.7 50.7 39.2 45.6 53.9 46.1 63.1
Zirconium Hg/g - - 4.34 4.62 4.23 4.19 3.98 4.66 4.22 4.26 4.39 4.62
NOTES:

- Not analyzed or no applicable CSR standard
< Concentration is less than the laboratory detection limit indicated.
CSR BC Contaminated Sites Regulation (BC Reg. 324/04, includes amendments up to B.C. Reg. 4/2014 - January 31, 2014 - Schedule 9).
CSR - Sediment CSR Quality Criteria for the protection of sensitive marine sediment.
A value below the laboratory detection limit.
Bold Bold indicates an exceedance of the CSR Marine Sediment - Sensitive standard.
Red and Underlined Red and underlined indicates an exceedance of the CSR Marine Sediment - Typical standard.
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) CSR - Marine CSR - Marine CSR - Most Protocol 11 - Total # of : . . Goodness of Fit
Parameters Unit Sediment - Sediment - Stringent Soil . # of Non-Detects Maximum Median Average 90th Percentile L 95% UCLM Selected 95% UCLM
Sensitive Typical Standard Typical Samples Test Distribution
2-methylnaphthalene ua/g 0.12 0.24 - 2.4 28 0 6.0 1.4 2.0 4.7 Gamma 95% Adjusted Gamma UCL 2.7
Acenaphthene ua/g 0.055 0.11 - 11 28 0 11 0.5 0.5 0.9 Normal 95% Student's-t UCL 0.6
Acenaphthylene ua/g 0.079 0.15 - 15 28 18 0.2 0.05 0.07 0.2 Kaplan-Meier (KM) 95% KM (t) UCL 0.07
Anthracene ua/g 0.15 0.29 - 2.9 28 0 17 0.4 0.6 14 Gamma 95% Adjusted Gamma UCL 0.8
Benz(a)anthracene ua/g 0.43 0.83 10 8.3 28 0 19 0.4 0.6 11 Gamma 95% Adjusted Gamma UCL 0.7
Chrysene ua/g 0.52 1 - 10 28 0 29 0.5 0.8 19 Gamma 95% Adjusted Gamma UCL 1.1
Fluoranthene ua/g 0.93 1.8 - 18 28 0 17.0 1.6 29 6.7 Lognormal 95% H-UCL 5.1
Fluorene ug/g 0.089 0.17 - 1.7 28 0 1.2 0.5 0.5 1.0 Normal 95% Student's-t UCL 0.6
Naphthalene ua/g 0.24 0.47 50 4.7 28 0 3.6 1.1 14 3.0 Gamma 95% Adjusted Gamma UCL 1.8
Phenanthrene ua/g 0.34 0.65 50 6.5 28 0 7.4 1.3 18 3.5 Gamma 95% Adjusted Gamma UCL 2.4
Pyrene ua/g 0.87 1.7 100 17 28 0 9.1 15 2.3 6.0 Gamma 95% Adjusted Gamma UCL 3.2
Benzo(a)pyrene ua/g 0.47 0.92 15 9.2 28 3 12 0.2 0.3 0.6 Gamma 95% Adjusted Gamma UCL 0.4
Total PAHs ua/g 10 20 - 200 22 0 41.0 10.9 12.7 17.9 Gamma 95% Adjusted Gamma UCL 16.9
NOTES:
- Not analyzed or no applicable CSR standard
< Concentration is less than the laboratory detection limit indicated.
CSR BC Contaminated Sites Regulation (BC Reg. 324/04, includes amendments up to B.C. Reg. 4/2014 - January 31, 2014 - Schedule 9).
CSR - Sediment CSR Quiality Criteria for the protection of sensitive marine sediment.
Bold Bold indicates an exceedance of the CSR Marine Sediment - Sensitive standard.

Red and Underlined
Bold and Shaded

Red and underlined indicates an exceedance of the CSR Marine Sediment - Typical standard.
Bold and shaded indicates an exceedance of applicable Protocol 11 Upper Cap concentrations for Typical sediments.
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15SEDO1

15SEDO02

15SEDO3

15SEDO04

15SEDO05

15SEDO06

Parameter Unit 15SEDO7 15SED08 15SED09 15SED10 15SED11 15SED12
22-May-2015 21-May-2015 21-May-2015 21-May-2015 21-May-2015 21-May-2015 21-May-2015 21-May-2015 21-May-2015 22-May-2015 22-May-2015 22-May-2015
Physical Parameters
pH (2:1) pH Units - - - - - - - - - 6.27 8.49 7.32
Moisture % 35 42 32 19 38 39 37 43 34 22 12 22
Sediment Texture
Sand % 83 83 80 93 84 76 76 71 81 90 96 96
Silt % 13 14 17 5.9 12 21 20 26 17 8.0 4.1 4.1
Clay % 3.4 3.2 3.5 <2.0 34 3.9 3.7 3.7 2.3 <2.0 <2.0 <2.0
Texture N/A Loamy Sand Loamy Sand Loamy Sand Sand Loamy Sand Loamy Sand Loamy Sand Sandy Loam Loamy Sand Sand Sand Sand
NOTES:
- Not analyzed.
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Concentration is less than the laboratory detection limit indicated.




Table 5: DRA Sediment and Porewater Analytical Results - TOC, Ammonia and Sulphide

FILE: ENVIND03511-02 | OCTOBER 2015 | ISSUED FOR USE

Parameter Unit 15SEDO02 15SEDO3 15SEDO5 15SED06 15SEDO7 15SEDO08 15SED11
21-May-2015 21-May-2015 21-May-2015 21-May-2015 21-May-2015 21-May-2015 22-May-2015

Sediment Physical Parameters
pH (2:1) pH Units - - - - - - 8.49
Moisture % 42 32 38 39 37 43 12
Total Organic Carbon Ha/g 32,000 18,000 61,000 4,100 61,000 52,000 4,900
Porewater Results
pH pH units 7.5 7.6 7.5 7.7 7.6 7.5 7.7
Salinity % 26 24 23 24 24 25 25
Temperature °c 18.6 19.5 19.6 19.7 20.4 25 19.6
Ammonia mg/L 8.6 13 6 6.5 5 19 67
Sulphide mg/L 0.205 0.284 0.454 0.295 0.141 10.1 0.253

NOTES:

CONSULTING ENGINEERS & SCIENTISTS - www.eba.ca
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Not analyzed or no applicable CSR standard.
Concentration is less than the laboratory detection limit indicated.




Table 6: DRA Sediment Analytical Results - Polycyclic Aromatic Hydrocarbons

FILE: ENVIND03511-02 | OCTOBER 2015 | ISSUED FOR USE

. CSR-Marine | CSR-Marine | o 1000197 15SEDO1 15SED02 15SEDO3 15SED04 15SEDO5 15SED06 15SEDO7 15SED08 15SED09 15SED10 15SED11 15SED12
Parameter Unit Sedlmgnt - Sedlment - Typical
Sensitive Typical 22-May-2015 21-May-2015 21-May-2015 21-May-2015 21-May-2015 21-May-2015 21-May-2015 21-May-2015 21-May-2015 22-May-2015 22-May-2015 22-May-2015

Physical Parameters
pH (2:1) pH Units - - - - - - - - - - - - 6.27 8.49 7.32
Moisture % - - - 35 42 32 19 38 39 37 43 34 22 12 22
Carbon
Total Organic Carbon uglg - - - 24,000 32,000 18,000 11,000 61,000 4,100 61,000 52,000 38,000 110,000 4,900 2,700
Polycyclic Aromatic Hydrocarbons (PAHs)
Index of Additive Cancer Risk-Coarse N/A - - - - 12 68 1.8 15 13 15 17 7.9 - - -
Benzo[a]pyrene Equivalency N/A - - - - 0.74 4.1 0.11 0.86 0.77 0.87 0.48 - - -
2-methylnaphthalene uglg 0.12 0.24 2.4 0.90 0.73 1.0 23@ 2.0@ 1.5 1.9@ 2.0@ 1.4 6.6 <0.050 <0.050
Acenaphthene uglg 0.055 0.11 1.1 0.33 0.60 1.2 0.44 0.62 0.56 0.59 0.65 0.37 <0.43 W <0.050 <0.050
Acenaphthylene uglg 0.079 0.15 15 <0.05 0.077 0.16 <0.0052 @ 0.063 0.077 0.081 0.10 0.045 <0.050 <0.050 <0.050
Anthracene ug/g 0.15 0.29 2.9 0.27 0.57 48@ 0.24 1.0 0.84 12 1.2 0.39 0.29 <0.050 <0.050
Benzo(a)anthracene uglg 0.43 0.83 8.3 0.38 0.91 6.1? 0.16 0.93 0.78 0.94 0.98 0.42 0.14 <0.050 <0.050
Benzo(a) pyrene uglg 0.47 0.92 9.2 0.17 0.45 2.7@ 0.067 0.52 0.47 0.54 0.64 0.31 0.051 <0.050 <0.050
Benzo(b)fluoranthene Hg/g - - - 0.21 - - - - - - - - <0.050 <0.050 <0.050
Benzo(b+j)fluoranthene ug/g - - - 0.33 0.96 52@ 0.13 1.2 1.1 1.3 1.4 0.69 0.067 <0.050 <0.050
Benzo(g,h,i)perylene uglg - - - <0.05 0.13 (1) 0.59@ 0.025 @ 0.17® 017 @ 017 @ 0.19@ 0.10@ <0.050 <0.050 <0.050
Benzo(k)fluoranthene uglg - - - 0.10 0.24 0.73 0.030 0.30 0.26 0.28 0.35 0.17 <0.050 <0.050 <0.050
Chrysene uglg 0.52 1.0 10 0.42 1.1 9.3@ 0.16 1.3 1.2 1.3 1.6 0.56 0.14 <0.050 <0.050
Dibenz(a,h)anthracene uglg 0.084 0.16 1.6 <0.05 0.049 0.14 0.011 0.060 0.052 0.055 0.067 0.031 <0.050 <0.050 <0.050
Fluoranthene uglg 0.93 1.8 18 15 3.4(2) 25@ 1.1 3.6? 3.2@ 3.2@ 35@ 1.4@ 0.14 <0.050 <0.050
Fluorene uglg 0.089 0.17 1.7 0.28 0.50 0.94 0.34 0.58 0.56 0.57 0.68 0.31 0.26 <0.050 <0.050
Indeno(1,2,3-c,d)pyrene uglg - - - <0.05 0.14 0.38 0.019 0.15 0.13 0.14 0.16 0.076 <0.050 <0.050 <0.050
Naphthalene uglg 0.24 0.47 4.7 0.75 0.62 3.4@ 1.7@ 1.2 1.0 1.1 1.2 0.90 4.0 <0.050 <0.050
Phenanthrene uglg 0.34 0.65 6.5 0.77 1.2 119 0.99 1.8@ 1.6@ 1.6@ 1.7@ 0.85 1.4 <0.050 <0.050
Pyrene ug/g 0.87 1.7 17 1.0 2.4(2) 13®@ 0.73 3.4@ 33@ 3.4@ 3.7@ 1.4@ 0.17 <0.050 <0.050
Low Molecular Wt. PAH Sum uglg - - - 3.3 4.3 23 6.0 7.3 6.1 6.9 7.6 4.2 13 <0.050 <0.050
High Molecular Wt. PAH Sum uglg - - - 3.5 8.2 57 2.2 9.8 9.0 9.4 10 4.2 0.65 <0.050 <0.050
PAHSs (Sum of total) uglg 10.0 20.0 200 6.9 13 79 8.2 17 15 16 18 8.4 13 <0.050 <0.050

NOTES:

<
@
(@)

CSR
Protocol 11
Bold
Red and Underlined
Shaded
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Not analyzed or no applicable CSR standard.
Concentration is less than the laboratory detection limit indicated.

Detection limit raised due to matrix interferences.

Detection limits raised due to dilution to bring analyte within the calibrated range.

BC Contaminated Sites Regulation (BC Reg. 324/04, includes amendments up to B.C. Reg. 4/2014 - January 31, 2014 - Schedule 9).

Protocol 11 for Contaminated Sites. Upper Cap Concentrations for Substances Listed in the Contaminated Sites Regulation Version 2.1. February 5, 2014. Table 6 for Marine and Estuarine Sediment, Typical.
Bold indicates an exceedance of the CSR Marine Sediment - Sensitive standard.

Red and underlined indicates an exceedance of the CSR Marine Sediment - Typical standard.

Bold and shaded indicates an exceedance of applicable Protocol 11 Upper Cap concentrations for Typical sediments.




Table 7: DRA Sediment Analytical Results - Total Metals

FILE: ENVIND03511-02 | OCTOBER 2015 | ISSUED FOR USE

. CSR-Marine | CSR-Marine | o 00111 - 15SED10 15SED11 15SED12
Parameter Unit Sedlmgnt - Sedlment - Typical
Sensitive Typical 22-May-2015 22-May-2015 22-May-2015
Physical Parameters
pH (2:1) pH Units - - - 6.27 8.49 7.32
Moisture % - - - 22 12 22
Total Metals
Aluminum ua/g - - - 13,000 8630 5480
Antimony ug/g - - - 0.26 0.13 0.11
Arsenic ug/g 26.0 50.0 500 9.48 5.12 2.53
Barium ug/g - - - 142 14.1 17.7
Beryllium Ha/g - - - <0.40 <0.40 <0.40
Bismuth ug/g - - - 0.13 <0.10 <0.10
Cadmium ug/g 2.6 5.0 50 0.208 0.366 0.284
Calcium ua/g - - - 35,700 31,000 4180
Chromium Ho/g 99.0 190.0 1900 44.1 15.7 11.5
Cobalt Ho/g - - - 8.58 6.33 3.41
Copper Ho/g 67.0 130.0 1300 63.2 16.8 7.06
Iron ug/g - - - 19,500 15,300 7840
Lead ug/g 69.0 130.0 1300 7.49 3.87 3.19
Lithium ug/g - - - 239 8.5 5.7
Magnesium ug/g - - - 10,200 5570 3010
Manganese ug/g - - - 274 184 119
Mercury ug/g 0.43 0.84 8.4 0.127 <0.050 <0.050
Molybdenum Ho/g - - - 1.04 0.62 0.41
Nickel ua/g - - - 66.6 15.5 12.4
Phosphorus Ho/g - - - 581 463 342
Potassium Ho/g - - - 1300 566 444
Selenium Ho/g - - - 0.66 <0.50 <0.50
Silver ug/g - - - 0.103 <0.050 <0.050
Sodium ug/g - - - 2880 2700 1840
Strontium /g - - - 334 210 16.3
Thallium ug/g - - - 0.098 0.325 0.161
Tin ug/g - - - 0.49 0.41 0.29
Titanium ug/g - - - 80.4 1170 741
Uranium Ho/g - - - 0.398 0.394 0.411
Vanadium Ho/g - - - 47.4 44.2 25.5
Zinc ug/g 170 330 3300 54.5 37.6 20.0
Zirconium ua/g - - - 2.63 5.57 3.18
NOTES:
- Not analyzed or no applicable CSR standard.

< Concentration is less than the laboratory detection limit indicated.

1) Detection limit raised due to matrix interferences.

2 Detection limits raised due to dilution to bring analyte within the calibrated range.

CSR BC Contaminated Sites Regulation (BC Reg. 324/04, includes amendments up to B.C. Reg. 4/2014 - January 31, 2014 - Schedule 9).
Protocol 11 Protocol 11 for Contaminated Sites. Upper Cap Concentrations for Substances Listed in the Contaminated Sites Regulation Version 2.1.
February 5, 2014. Table 6 for Marine and Estuarine Sediment, Typical.
Bold Bold indicates an exceedance of the CSR Marine Sediment - Sensitive standard.

Red and Underlined
Shaded

Red and underlined indicates an exceedance of the CSR Marine Sediment - Typical standard.
Bold and shaded indicates an exceedance of applicable Protocol 11 Upper Cap concentrations for Typical sediments.
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FILE: ENVIND03511-02 | OCTOBER 2015 | ISSUED FOR USE

Table 8: DRA Tissue Analytical Results

parameter Units CRAB1 CLAML VEGL CRAB2 cLAM2 | VEG2 CRAB3 CLAM3 VEG3 CRAB4 CLAVA4 VEG4 CRAB5 [ cLaws VEG5 CRAB6 | cLawe VEG6 CRAB7 CLAM? VEG7 CRAB8 | cLawe VEG8 Crab Max Clam Max Plant Max
20-Apr-2015 21-Apr-2015 20-Apr-2015 21-Apr-2015 21-Apr-2015 21-Apr-2015 21-Apr-2015 21-Apr-2015 22-Apr-2015 22-Apr-2015 22-Apr-2015
Physical Parameters
Lipid Content % 7.16 7.46 2.02 14.4 6.6 2.89 6.05 6.67 2.47 10.8 6.6 3.03 25.8 954 2.46 136 7.96 198 17.9 7.25 278 7.84 7.14 278 - - -
Moisture % 79 84 81 81 86 85 78 86 83 79 84 83 76 86 83 82 86 83 79 86 82 82 84 84 - - -
Polyaromatic Hydrocarbons
/g in wet weight (ww) - - - - - - - - - - - - - - - - - - - - - - - - - - -
/g (W) <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025
Acenaphthylene /g (ww) <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025
/g (W) <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025
Fluorene 1glg (W) <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025
Phenanthrene /g (W) <0.0025 0.004 <0.0025 <0.0025 0.0049 <0.0025 <0.0025 0.0031 <0.0025 <0.0025 0.0055 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 0.0036 <0.0025 <0.0025 0.0068 0.0034 <0.0025 0.0039 <0.0025 <0.0025 0.0068 0.0034
Anthracene 1glg (W) <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 0.0059 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 0.0059 0.0025
/g (W) <0.0025 0.0072 <0.0025 <0.0025 0.0075 <0.0025 <0.0025 0.0044 <0.0025 <0.0025 0.0096 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 0.0049 <0.0025 <0.0025 0.0118 0.01 <0.0025 0.0045 0.0054 <0.0025 0.0118 0.0100
Pyrene 1glg (W) <0.0025 0.0049 <0.0025 <0.0025 0.0059 <0.0025 <0.0025 0.0031 <0.0025 <0.0025 0.0065 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 0.004 <0.0025 <0.0025 0.0077 0.0072 <0.0025 0.0026 0.004 <0.0025 0.0077 0.0072
/g (ww) <0.0025 0.0039 <0.0025 <0.0025 0.0034 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 0.0031 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 0.0043 0.0031 <0.0025 <0.0025 <0.0025 <0.0025 0.0043 0.0031
Chrysene 1g/g (W) <0.0025 0.0064 <0.0025 <0.0025 0.0054 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 0.0043 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 0.0028 <0.0025 <0.0025 0.0051 0.0056 <0.0025 <0.0025 <0.0025 <0.0025 0.0064 0.0056
/g (W) <0.0025 <0.0025 <0.0025 <0.0025 0.0033 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 0.005 <0.0025 <0.0025 <0.0025 <0.0025 0.0033 0.005
/g (ww) <0.0025 <0.0025 <0.0025 <0.0025 0.003 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 0.0045 <0.0025 <0.0025 <0.0025 <0.0025 0.003 0.0045
/g (W) <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050
Indeno(1,2,3-cd)pyrene /g (ww) <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050
Dibenz(a, 1glg (W) <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050
Benzo(g,h,i)perylene /g (ww) <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050
Laboratory Work Order Number MC7076-01R | MC7084-01R | MC7097-01R | MC7077-01R | MC70850IR | MC7098-01R | MC7078-01R | MC7086-01R | MC7099-01R | MC7079-01R | MC7087-01R | MC7100-01R | MC7080-01R | MC7093-01R | MC710L-0IR | MC7081-01R | MC70940IR | MC7102-01R | MC7082-01R | MC709501R | MC7103-01R | MC7083-0IR  |MC7096-01R  |MC7104-01R - - -
Laboratory Number AEJ242 AEJ250 AEJ258 AEJ243 AEJ251 AEJ259 AEJ244 AEJ252 AEJ260 AEJ245 AEJ253 AEJ261 AEJ246 AEJ254 AEJ262 AEJ247 AEJ255 AEJ263 AEJ248 AEJ256 AEJ264 AEJ249 AEJ257 AEJ265 - - -
NOTES:
B Concentration is less than the
laboratory detection limit
indicated.
RDL Laboratory Reportable
Detection Limit
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Table 9: Statistical Summary - DSI and DRA (Sediment)

FILE: ENVIND03511-02 | OCTOBER 2015 | ISSUED FOR USE

) CSR - Marine CSR - Marine Protocol 11 - Total # of . ) ) Goodness of Fit Test
Parameters Unit Sediment - Sediment - . # of Non-Detects Maximum Median Average 90th Percentile o 95% UCLM Selected 95% UCLM
o . Typical Samples Distribution
Sensitive Typical
2-methylnaphthalene pa/g 0.12 0.24 2.4 37 0 6.0 1.4 1.9 4.3 Gamma 95% Adjusted Gamma UCL 2.4
Acenaphthene ua/g 0.055 0.11 11 37 0 1.1 0.5 0.5 0.9 Normal 95% Student's-t UCL 0.6
Acenaphthylene ug/g 0.079 0.15 15 37 20 0.2 0.05 0.07 0.2 Kaplan-Meier (KM) Statistics 95% KM (t) UCL 0.07
Anthracene ua/g 0.15 0.29 2.9 37 0 4.8 0.5 0.7 1.5 Gamma 95% Adjusted Gamma UCL 0.9
Benz(a)anthracene pa/g 0.43 0.83 8.3 37 0 6.1 0.4 0.7 1.2 Gamma 95% Adjusted Gamma UCL 1.0
Chrysene ug/g 0.52 1 10 37 0 9.3 0.5 1.0 2.0 Gamma 95% Adjusted Gamma UCL 1.4
Fluoranthene ug/g 0.93 1.8 18 37 0 25.0 2.1 3.5 7.2 Lognormal Distribution 95% H-UCL 5.3
Fluorene ug/g 0.089 0.17 1.7 37 0 1.2 0.5 0.5 1.0 Normal 95% Student's-t UCL 0.6
Naphthalene ua/g 0.24 0.47 4.7 37 0 3.6 1.0 1.4 3.1 Gamma 95% Adjusted Gamma UCL 1.7
Phenanthrene ug/g 0.34 0.65 6.5 37 0 11.0 1.6 2.0 3.6 Lognormal Distribution 95% H-UCL 2.7
Pyrene ua/g 0.87 17 17 37 0 13.0 1.8 2.7 6.1 Gamma 95% Adjusted Gamma UCL 3.4
Benzo(a)pyrene Hg/g 0.47 0.92 9.2 37 3 12 0.2 0.3 0.6 Nonparametric Distribution 95% Chebyshev (Mean, Sd) UCL 0.7
Total PAHs ug/g 10 20 200 31 0 41.0 10.9 12.5 17.7 Nonparametric Distribution 95% Chebyshev (Mean, Sd) UCL 26.2
NOTES:
- Not analyzed or no applicable CSR standard
< Concentration is less than the laboratory detection limit indicated.
CSR BC Contaminated Sites Regulation (BC Reg. 324/04, includes amendments up to B.C. Reg. 4/2014 - January 31, 2014 - Schedule 9).
CSR - Sediment CSR Quiality Criteria for the protection of sensitive marine sediment.
Bold Bold indicates an exceedance of the CSR Marine Sediment - Sensitive standard.

Red and Underlined

Bold and Shaded

Red and underlined indicates an exceedance of the CSR Marine Sediment - Typical standard.
Bold and shaded indicates an exceedance of applicable Protocol 11 Upper Cap concentrations for Typical sediments.
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FIGURES

Figure 1 Site Location Plan

Figure 2 Site Plan with DSI Test Locations

Figure 3 DSI Sediment Analytical Results

Figure 4 Conceptual Exposure Model — Current Land Use

Figure 5 DRA Tissue Analytical Results

Figure 6 DRA Sediment Analytical Results — Reference Locations
Figure 7 DRA Sediment Analytical Results — Site Locations
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GENERAL CONDITIONS

GEOENVIRONMENTAL REPORT

This report incorporates and is subject to these “General Conditions”.

1.0 USE OF REPORT AND OWNERSHIP

This report pertains to a specific site, a specific development, and a
specific scope of work. It is not applicable to any other sites, nor
should it be relied upon for types of development other than those to
which it refers. Any variation from the site or proposed development
would necessitate a supplementary investigation and assessment.

This report and the assessments and recommendations contained in
it are intended for the sole use of Tetra Tech EBA’s client. Tetra Tech
EBA does not accept any responsibility for the accuracy of any of the
data, the analysis or the recommendations contained or referenced
in the report when the report is used or relied upon by any party other
than Tetra Tech EBA'’s Client unless otherwise authorized in writing
by Tetra Tech EBA. Any unauthorized use of the report is at the sole
risk of the user.

This report is subject to copyright and shall not be reproduced either
wholly or in part without the prior, written permission of Tetra Tech
EBA. Additional copies of the report, if required, may be obtained
upon request.

2.0 ALTERNATE REPORT FORMAT

Where Tetra Tech EBA submits both electronic file and hard copy
versions of reports, drawings and other project-related documents
and deliverables (collectively termed Tetra Tech EBA’s instruments
of professional service), only the signed and/or sealed versions shall
be considered final and legally binding. The original signed and/or
sealed version archived by Tetra Tech EBA shall be deemed to be
the original for the Project.

Both electronic file and hard copy versions of Tetra Tech EBA’s
instruments of professional service shall not, under any
circumstances, no matter who owns or uses them, be altered by any
party except Tetra Tech EBA. The Client warrants that Tetra Tech
EBA's instruments of professional service will be used only and
exactly as submitted by Tetra Tech EBA.

Electronic files submitted by Tetra Tech EBA have been prepared
and submitted using specific software and hardware systems. Tetra
Tech EBA makes no representation about the compatibility of these
files with the Client's current or future software and hardware
systems.

3.0 NOTIFICATION OF AUTHORITIES

In certain instances, the discovery of hazardous substances or
conditions and materials may require that regulatory agencies and
other persons be informed and the client agrees that notification to
such bodies or persons as required may be done by Tetra Tech EBA
in its reasonably exercised discretion.

4.0 INFORMATION PROVIDED TO TETRA TECH EBABY

OTHERS

During the performance of the work and the preparation of the report,
Tetra Tech EBA may rely on information provided by persons other
than the Client. While Tetra Tech EBA endeavours to verify the
accuracy of such information when instructed to do so by the Client,
Tetra Tech EBA accepts no responsibility for the accuracy or the
reliability of such information which may affect the report.

TETRATECH EBA
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A Bureau Veritas Group Company
T

Attention:Lora J Paul

Tetra Tech EBA

#1 - 4376 Boban Drive
Nanaimo, BC

CANADA VIT 6A7

MAXXAM JOB #: B483823
Received: 2014/09/19, 08:10

Sample Matrix: Sediment
# Samples Received: 20

Your Project #: ENVIND03511-01
1 PORT DR, NANAIMO
Your C.O.C. #: G079948, G079949

Site Location:

CERTIFICATE OF ANALYSIS

Report Date: 2014/09/30

Version: 1 - Final

Date Date
Analyses Quantity Extracted Analyzed Laboratory Method Analytical Method
Elements by ICPMS (total) 12 2014/09/24 2014/09/24 BBY7SOP-00001 EPA 60202 R1 m
Moisture 20 N/A 2014/09/26 BBY8SOP-00017 OMOE E31393.1m
PAH in Soil by GC/MS (SIM) 5 2014/09/25 2014/09/26 BBY8SOP-00022 EPA 8270d R4 m
PAH in Soil by GC/MS (SIM) 13 2014/09/25 2014/09/27 BBY8SOP-00022 EPA 8270d R4 m
PAH in Soil by GC/MS (SIM) 2014/09/25 2014/09/29 BBY8SOP-00022 EPA 8270d R4 m
PAH in Soil by GC/MS (SIM) 2014/09/27 2014/09/28 BBY8SOP-00022 EPA 8270d R4 m
Total LMW, HMW, Total PAH Calc 20 N/A 2014/09/29 BBY WI-00033 Auto Calc
pH (2:1 DI Water Extract) 12 2014/09/24 2014/09/24 BBY6SOP-00028 BCMOE BCLM Mar2005 m

* RPDs calculated using raw data. The rounding of final results may result in the apparent difference.

Encryption Key

Please direct all questions regarding this Certificate of Analysis to your Project Manager.

Crystal Ireland, B.Sc., Account Specialist
Email: Clreland@maxxam.ca
Phonett (604)638-5016

This report has been generated and distributed using a secure automated process.
Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC 17025:2005(E),
signing the reports. For Service Group specific validation please refer to the Validation Signature Page.

Maxxam Analytics International Corporation o/a Maxxam Analytics Burnaby: 4606 Canada Way V5G 1K5 Telephone(604) 734-7276 Fax(604) 731-2386

Total Cover Pages : 1
Page 1 of 18
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A Bureau Veritas Group Company
T

Maxxam Job #: B483823
Report Date: 2014/09/30

Tetra Tech EBA
Client Project #: ENVIND03511-01
Site Location: 1 PORT DR, NANAIMO

PHYSICAL TESTING (SEDIMENT)

Maxxam Analytics International Corporation o/a Maxxam Analytics Burnaby: 4606 Canada Way V5G 1K5 Telephone(604) 734-7276 Fax(604) 731-2386

Maxxam ID KQ5506 KQ5507 KQ5508 KQ5509 KQ5510 KQ5511 KQ5512
Sampling Date 2014/09/18|2014/09/18 | 2014/09/18 [ 2014/09/18 | 2014/09/18 | 2014/09/18 | 2014/09/18
COC Number G079948 G079948 G079948 G079948 G079948 G079948 G079948
Units| 14SEDO1 14SEDO2 14SEDO3 14SED04 14SEDO5 14SEDO6 14SEDO7 | RDL | QC Batch
Physical Properties
Moisture | % | 27 33 21 23 29 18 24 |0.30] 7653594
RDL = Reportable Detection Limit
Maxxam ID KQ5513 KQ5514 KQ5515 KQ5516 KQ5517 KQ5518 KQ5519
Sampling Date 2014/09/18|2014/09/18 | 2014/09/18 [ 2014/09/18 | 2014/09/18 | 2014/09/18| 2014/09/18
COC Number G079948 G079948 G079948 G079948 G079948 G079949 G079949
Units| 14SEDO08 14SED09 14SED10 14SED11 14SED12 14SED13 14SED14 | RDL | QC Batch
Physical Properties
Moisture | % [ 30 31 23 27 39 28 31 [0.30] 7653594
RDL = Reportable Detection Limit
Maxxam ID KQ5520 KQ5520 KQ5521 KQ5522 KQ5523 KQ5524 KQ5525
Sampling Date 2014/09/18|2014/09/18 | 2014/09/18 [ 2014/09/18 | 2014/09/18 | 2014/09/18 | 2014/09/18
COC Number G079949 G079949 G079949 G079949 G079949 G079949 G079949
Units| 14SED15 t:szD:: 14SED16 14SED17 14SED18 | 14SED-DUP1 | 14SED-DUP2 | RDL | QC Batch
Physical Properties
Moisture | % | 26 24 33 33 43 26 33 [030] 7653594
RDL = Reportable Detection Limit
Lab-Dup = Laboratory Initiated Duplicate
Page 2 of 18
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A Bureau Veritas Group Company
T

Maxxam Job #: B483823
Report Date: 2014/09/30

Tetra Tech EBA
Client Project #: ENVIND03511-01

Site Location:

CSR/CCME METALS IN SOIL (SEDIMENT)

1 PORT DR, NANAIMO

Maxxam Analytics International Corporation o/a Maxxam Analytics Burnaby: 4606 Canada Way V5G 1K5 Telephone(604) 734-7276 Fax(604) 731-2386

Maxxam ID KQ5506 KQ5507 KQ5509 KQ5511 KQ5513 KQ5516
Sampling Date 2014/09/18 | 2014/09/18 | 2014/09/18 | 2014/09/18 | 2014/09/18 2014/09/18
COC Number G079948 | G079948 | G079948 | G079948 | G079948 G079948

Units | 14SEDO1 | 14SED02 | 14SED04 | 14SEDO6 | 14SEDO8 |QCBatch| 14SED11 | RDL |QC Batch
Physical Properties
Soluble (2:1) pH | p | 767 8.20 8.22 7.86 826 7650915 7.99 | N/A | 7650856
Total Metals by ICPMS
Total Aluminum (Al) mg/kg| 13000 14800 13600 12900 12800 | 7650867 | 11300 100 | 7650845
Total Antimony (Sb) mg/kg 0.12 0.16 0.19 0.10 0.20 7650867 0.13 0.10 | 7650845
Total Arsenic (As) mg/kg 4.10 4.07 4.04 3.30 4.29 7650867 3.48 0.50 | 7650845
Total Barium (Ba) mg/kg 40.7 41.8 41.9 31.5 421 7650867 38.3 0.10 | 7650845
Total Beryllium (Be) mg/kg|  <0.40 <0.40 <0.40 <0.40 <0.40 | 7650867 | <0.40 0.40 | 7650845
Total Bismuth (Bi) mg/kg| <0.10 <0.10 <0.10 <0.10 <0.10 | 7650867 | <0.10 0.10 | 7650845
Total Cadmium (Cd) mg/kg|  0.420 0.719 0.378 0.294 0.538 | 7650867 0.376 |0.050| 7650845
Total Calcium (Ca) mg/kg| 7740 17200 11200 7880 56500 | 7650867 7560 100 | 7650845
Total Chromium (Cr) mg/kg 18.9 23.8 22.6 17.2 20.6 7650867 18.4 1.0 | 7650845
Total Cobalt (Co) mg/kg 6.46 6.98 6.62 6.37 6.33 7650867 6.21 0.30 | 7650845
Total Copper (Cu) mg/kg 40.3 39.8 47.5 23.0 32.5 7650867 28.0 0.50 | 7650845
Total Iron (Fe) mg/kg| 16100 18800 17000 15600 18000 | 7650867 | 15100 100 | 7650845
Total Lead (Pb) mg/ke 15.8 6.97 6.86 3.61 6.11 7650867 4.65 0.10 | 7650845
Total Lithium (Li) me/kg 17.2 19.5 17.0 15.4 18.8 7650867 17.4 5.0 | 7650845
Total Magnesium (Mg) mg/kg| 6040 6740 6170 5960 6670 7650867 5480 100 | 7650845
Total Manganese (Mn) mg/kg 209 232 220 217 214 7650867 214 0.20 | 7650845
Total Mercury (Hg) mg/kg|  0.065 0.071 0.069 <0.050 0.069 | 7650867 <0.050 |0.050| 7650845
Total Molybdenum (Mo) mg/kg 1.04 1.61 1.00 0.76 1.68 7650867 0.80 0.10 | 7650845
Total Nickel (Ni) mg/kg 18.3 20.7 25.8 16.2 19.5 7650867 18.2 0.80 | 7650845
Total Phosphorus (P) mg/kg 455 537 443 425 481 7650867 423 10 | 7650845
Total Potassium (K) mg/kg 926 1160 939 729 1110 7650867 790 100 | 7650845
Total Selenium (Se) mg/kg <0.50 <0.50 <0.50 <0.50 <0.50 7650867 <0.50 0.50 | 7650845
Total Silver (Ag) mg/kg| <0.050 0.084 0.060 <0.050 0.075 | 7650867 | <0.050 |0.050| 7650845
Total Sodium (Na) mg/kg| 2990 3600 2710 2390 5460 7650867 2450 100 | 7650845
Total Strontium (Sr) mg/kg 47.7 84.8 59.8 37.5 291 7650867 46.5 0.10 | 7650845
Total Thallium (T1) mg/kg|  0.220 0.217 0.220 0.187 0.182 | 7650867 | 0.214 |0.050| 7650845
Total Tin (Sn) mg/kg 0.56 0.73 0.56 0.29 0.70 7650867 0.39 0.10 | 7650845
Total Titanium (Ti) mg/kg| 1190 1270 1100 1300 1030 7650867 1220 1.0 | 7650845
Total Uranium (U) mg/kg|  0.507 0.770 0.492 0.602 0.761 | 7650867 | 0511 |0.050| 7650845
Total Vanadium (V) me/ke 45.0 52.8 45.9 43.9 45.0 7650867 44.6 2.0 | 7650845
Total Zinc (Zn) mg/kg 40.5 53.2 44.7 32.7 50.7 7650867 39.2 1.0 | 7650845
Total Zirconium (Zr) mg/kg 4.34 4.62 4.23 4.19 3.98 7650867 4.66 0.50 | 7650845
RDL = Reportable Detection Limit
N/A = Not Applicable

Page 3 of 18
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A Bureau Veritas Group Company
T

Maxxam Job #: B483823
Report Date: 2014/09/30

Tetra Tech EBA
Client Project #: ENVIND03511-01
Site Location: 1 PORT DR, NANAIMO

CSR/CCME METALS IN SOIL (SEDIMENT)

Maxxam ID KQ5519 KQ5521 KQ5521 KQ5522 KQ5523
Sampling Date 2014/09/18 2014/09/18 | 2014/09/18 2014/09/18 | 2014/09/18
COC Number G079949 G079949 | G079949 G079949 | G079949

Units | 14SED14 |QCBatch| 14SED16 t:fg:: QCBatch| 14SED17 | 14SED18 | RDL | QCBatch
Physical Properties
Soluble (2:1) pH | pH | 810 [7650915] 7.79 782 | 7650856 | 8.00 7.84 | N/A | 7650915
Total Metals by ICPMS
Total Aluminum (Al) mg/kg| 13400 | 7650867 | 10700 11100 | 7650845| 13900 13400 100 | 7650867
Total Antimony (Sb) mg/kg|  0.20 7650867 0.19 0.18 7650845 0.13 0.30 0.10 | 7650867
Total Arsenic (As) mg/kg| 413 7650867 5.10 4.98 7650845 4.05 5.52 0.50 | 7650867
Total Barium (Ba) mg/kg|  45.1 7650867 46.6 47.9 7650845 42,6 46.4 0.10 | 7650867
Total Beryllium (Be) mg/kg| <0.40 | 7650867 | <0.40 <0.40 |7650845| <0.40 <0.40 0.40 | 7650867
Total Bismuth (Bi) mg/kg| <0.10 [ 7650867 | <0.10 <0.10 | 7650845| <0.10 <0.10 0.10 | 7650867
Total Cadmium (Cd) mg/kg| 0510 | 7650867 | 0.714 0.716 | 7650845| 0.517 0.735 |0.050| 7650867
Total Calcium (Ca) mg/kg| 10100 | 7650867 8350 8230 7650845 | 10000 11200 100 | 7650867
Total Chromium (Cr) mg/keg 21.2 7650867 23.8 24.2 7650845 21.0 25.1 1.0 | 7650867
Total Cobalt (Co) mg/kg 6.47 7650867 6.26 6.43 7650845 6.84 6.53 0.30 | 7650867
Total Copper (Cu) mg/kg 30.2 7650867 41.4 38.4 7650845 44.7 415 0.50 | 7650867
Total Iron (Fe) mg/kg| 16800 | 7650867 | 16100 16400 | 7650845| 17800 18800 100 | 7650867
Total Lead (Pb) mg/kg 7.79 7650867 9.46 9.04 7650845 7.01 11.7 0.10 | 7650867
Total Lithium (Li) mg/kg 18.3 7650867 18.8 19.0 7650845 18.6 18.3 5.0 | 7650867
Total Magnesium (Mg) mg/kg| 6220 7650867 5850 6170 7650845 6510 6730 100 | 7650867
Total Manganese (Mn) mg/keg 209 7650867 204 206 7650845 222 211 0.20 | 7650867
Total Mercury (Hg) mg/kg| 0.077 | 7650867 | 0.081 0.080 |7650845| 0.063 0.123 |0.050| 7650867
Total Molybdenum (Mo) mg/kg 1.46 7650867 1.94 1.88 7650845 1.29 2.46 0.10 | 7650867
Total Nickel (Ni) mg/kg 19.3 7650867 24.7 25.9 7650845 18.5 20.4 0.80 | 7650867
Total Phosphorus (P) mg/kg 521 7650867 447 475 7650845 498 518 10 | 7650867
Total Potassium (K) mg/kg| 1010 7650867 940 960 7650845 1060 1200 100 | 7650867
Total Selenium (Se) mg/kg| <0.50 [ 7650867 | <0.50 <0.50 | 7650845| <0.50 <0.50 0.50 | 7650867
Total Silver (Ag) mg/kg| 0.083 [ 7650867 | 0.101 0.091 |7650845| 0.072 0.093 |0.050| 7650867
Total Sodium (Na) mg/kg| 3550 7650867 4350 4380 7650845 4270 6430 100 | 7650867
Total Strontium (Sr) mg/keg 57.1 7650867 71.1 71.0 7650845 52.4 68.0 0.10 | 7650867
Total Thallium (TI) mg/kg| 0246 | 7650867 | 0.189 0.223 | 7650845| 0.202 0.232 |0.050| 7650867
Total Tin (Sn) mg/kg|  0.65 7650867 0.99 1.01 7650845 0.72 1.48 0.10 | 7650867
Total Titanium (Ti) mg/kg| 1140 7650867 910 939 7650845 1260 1120 1.0 | 7650867
Total Uranium (U) mg/kg|  0.800 7650867 0.669 0.633 7650845 0.758 0.830 |0.050( 7650867
Total Vanadium (V) mg/kg 47.3 7650867 42.6 43.4 7650845 48.7 46.5 2.0 | 7650867
Total Zinc (Zn) mg/kg|  45.6 7650867 53.9 55.3 7650845 46.1 63.1 1.0 | 7650867
Total Zirconium (Zr) mg/kg|  4.22 7650867 4.26 431 7650845 4.39 4.62 0.50 | 7650867
RDL = Reportable Detection Limit
Lab-Dup = Laboratory Initiated Duplicate
N/A = Not Applicable
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Maxxam Job #: B483823
Report Date: 2014/09/30

Tetra Tech EBA
Client Project #: ENVIND03511-01
Site Location:

CSR/CCME METALS IN SOIL (SEDIMENT)

1 PORT DR, NANAIMO

Maxxam ID KQ5524 KQ5525
Sampling Date 2014/09/18 | 2014/09/18
COC Number G079949 G079949

Units | 14SED-DUP1 | 14SED-DUP2 | RDL | QC Batch
Physical Properties
Soluble (2:1) pH | o | 779 809 | N/A | 7651113
Total Metals by ICPMS
Total Aluminum (Al) mg/kg 12400 13200 100 | 7651107
Total Antimony (Sb) mg/kg 0.38 0.20 0.10 | 7651107
Total Arsenic (As) mg/kg 3.92 4.85 0.50 | 7651107
Total Barium (Ba) mg/kg 40.2 48.5 0.10 | 7651107
Total Beryllium (Be) mg/kg <0.40 <0.40 0.40 | 7651107
Total Bismuth (Bi) mg/kg <0.10 <0.10 0.10 | 7651107
Total Cadmium (Cd) mg/kg 0.495 0.754 0.050| 7651107
Total Calcium (Ca) mg/kg 7730 11600 100 | 7651107
Total Chromium (Cr) mg/kg 20.4 22.6 1.0 | 7651107
Total Cobalt (Co) mg/kg 6.57 6.78 0.30 | 7651107
Total Copper (Cu) mg/kg 30.7 41.9 0.50 | 7651107
Total Iron (Fe) mg/kg 15800 17400 100 | 7651107
Total Lead (Pb) mg/kg 4.38 10.0 0.10 | 7651107
Total Lithium (Li) mg/kg 17.2 19.5 5.0 | 7651107
Total Magnesium (Mg) mg/kg 5780 6470 100 | 7651107
Total Manganese (Mn) mg/kg 212 226 0.20 | 7651107
Total Mercury (Hg) mg/kg 0.059 0.084 0.050( 7651107
Total Molybdenum (Mo) mg/kg 1.00 1.86 0.10 | 7651107
Total Nickel (Ni) mg/kg 18.8 20.8 0.80 | 7651107
Total Phosphorus (P) mg/kg 465 499 10 | 7651107
Total Potassium (K) mg/kg 853 1110 100 | 7651107
Total Selenium (Se) mg/kg <0.50 <0.50 0.50 | 7651107
Total Silver (Ag) mg/kg 0.070 0.130 0.050| 7651107
Total Sodium (Na) mg/kg 2740 4370 100 | 7651107
Total Strontium (Sr) mg/kg 44.0 75.4 0.10 | 7651107
Total Thallium (TI) mg/kg 0.221 0.241 0.050( 7651107
Total Tin (Sn) mg/kg 0.71 0.74 0.10 | 7651107
Total Titanium (Ti) mg/kg| 1170 1200 1.0 | 7651107
Total Uranium (U) mg/kg 0.916 0.870 0.050| 7651107
Total Vanadium (V) mg/kg 45.9 48.3 2.0 | 7651107
Total Zinc (Zn) mg/kg 42.1 51.6 1.0 | 7651107
Total Zirconium (Zr) mg/kg 4.30 4.65 0.50 | 7651107
RDL = Reportable Detection Limit
N/A = Not Applicable
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Maxxam Job #: B483823
Report Date: 2014/09/30

Tetra Tech EBA
Client Project #: ENVIND03511-01
Site Location: 1 PORT DR, NANAIMO

CSR PAH IN SOIL BY GC-MS (SEDIMENT)

Maxxam ID KQ5506 KQ5507 KQ5508 KQ5509 KQ5510 KQ5511
Sampling Date 2014/09/18 | 2014/09/18 | 2014/09/18 | 2014/09/18 2014/09/18 2014/09/18
COC Number G079948 | G079948 | G079948 | G079948 G079948 G079948

Units | 14SEDO1 | 14SED02 | 14SED03 | 14SEDO4 | RDL | 14SEDO5 | RDL | 14SED06 | RDL | QC Batch
Polycyclic Aromatics
Naphthalene mg/kg 1.1 1.7 0.33 1.6 0.050 1.0 0.050 0.47 0.050| 7655428
2-Methylnaphthalene mg/kg 1.4 1.8 0.45 2.3 0.050 0.92 0.050 0.56 0.050| 7655428
Acenaphthylene mg/kg| <0.050 <0.050 <0.050 0.16 0.050 0.15 0.050 <0.050 [0.050| 7655428
Acenaphthene mg/kg 0.44 0.68 0.12 1.1 0.050 0.98 0.050 0.16 0.050( 7655428
Fluorene mg/kg 0.39 0.55 0.10 1.1 0.050 0.94 0.050 0.13 0.050( 7655428
Phenanthrene mg/kg 1.0 1.6 0.24 7.4 0.050 5.4 0.050 0.32 0.050| 7655428
Anthracene mg/kg 0.44 0.35 0.082 0.95 0.050 0.63 0.050 0.10 0.050| 7655428
Fluoranthene mg/kg 1.7 2.6 0.29 11 0.050 17(1) | 0.50 0.37 0.050| 7655428
Pyrene me/kg 1.7 1.9 0.32 6.4 0.050 9.1 0.050 0.38 0.050( 7655428
Benzo(a)anthracene mg/kg 0.42 0.45 0.073 1.1 0.050 1.2 0.050| 0.089 |0.050| 7655428
Chrysene mg/kg 0.53 0.58 0.070 1.9 0.050 2.4 0.050( 0.092 [0.050| 7655428
Benzo(b&j)fluoranthene mg/kg|  0.45 0.47 0.065 1.1 0.050 1.9 0.050| 0.076 |0.050| 7655428
Benzo(b)fluoranthene mg/kg 0.28 0.31 <0.050 0.72 0.050 1.3 0.050 <0.050 [0.050| 7655428
Benzo(k)fluoranthene mg/kg 0.13 0.13 <0.050 0.36 0.050 0.56 0.050| <0.050 |0.050| 7655428
Benzo(a)pyrene mg/kg 0.22 0.22 <0.050 0.41 0.050 0.62 0.050 <0.050 [0.050| 7655428
Indeno(1,2,3-cd)pyrene mg/kg| 0.073 0.070 <0.050 0.13 0.050 0.23 0.050 <0.050 [0.050| 7655428
Dibenz(a,h)anthracene mg/kg| <0.050 <0.050 <0.050 <0.050 [0.050| 0.061 |0.050| <0.050 |0.050| 7655428
Benzo(g,h,i)perylene mg/kg|  0.081 0.073 <0.050 0.13 0.050 0.21 0.050 <0.050 [0.050| 7655428
Low Molecular Weight PAH's | mg/kg 4.8 6.7 13 15 0.050 10 0.050 1.7 0.050| 7649306
High Molecular Weight PAH's | mg/kg 4.6 5.7 0.75 21 0.050 31 0.50 0.93 0.050( 7649306
Total PAH mg/kg 9.3 12 2.1 35 0.050 41 0.50 2.7 0.050( 7649306
Surrogate Recovery (%)
D10-ANTHRACENE (sur.) % 94 96 101 86 87 97 7655428
D8-ACENAPHTHYLENE (sur.) % 86 91 87 85 87 88 7655428
D8-NAPHTHALENE (sur.) % 97 97 91 97 89 91 7655428
TERPHENYL-D14 (sur.) % 92 92 88 86 85 90 7655428
RDL = Reportable Detection Limit
(1) Detection limits raised due to dilution to bring analyte within the calibrated range.
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Maxxam Job #: B483823
Report Date: 2014/09/30

Tetra Tech EBA
Client Project #: ENVIND03511-01
Site Location: 1 PORT DR, NANAIMO

CSR PAH IN SOIL BY GC-MS (SEDIMENT)

Maxxam ID KQ5512 KQ5512 KQ5513 KQ5514 KQ5515 KQ5516
Sampling Date 2014/09/18|2014/09/18 2014/09/18|2014/09/18|2014/09/18 [ 2014/09/18
COC Number G079948 G079948 G079948 G079948 G079948 G079948

Units | 14SEDO7 ::'_:zl_zgl?: QC Batch| 14SEDO8 14SEDO9 14SED10 14SED11 RDL | QC Batch
Polycyclic Aromatics
Naphthalene mg/kg 0.68 0.69 7656338 0.80 0.59 0.77 0.58 0.050| 7655428
2-Methylnaphthalene mg/kg 1.0 0.91 7656338 0.81 0.59 1.2 0.80 0.050( 7655428
Acenaphthylene mg/kg <0.050 <0.050 7656338 0.057 <0.050 <0.050 <0.050 0.050| 7655428
Acenaphthene mg/kg 0.31 0.32 7656338 0.53 0.29 0.29 0.27 0.050( 7655428
Fluorene mg/kg 0.36 0.37 7656338 0.55 0.26 0.24 0.25 0.050| 7655428
Phenanthrene mg/kg 0.86 0.94 7656338 2.6 0.73 0.62 0.66 0.050( 7655428
Anthracene mg/kg 0.25 0.27 7656338 1.7 0.25 0.18 0.23 0.050| 7655428
Fluoranthene mg/kg 1.3 1.2 7656338 4.7 2.2 0.70 0.84 0.050| 7655428
Pyrene mg/kg 1.2 1.1 7656338 3.0 0.99 0.70 0.81 0.050| 7655428
Benzo(a)anthracene mg/kg 0.33 0.27 7656338 0.85 0.45 0.16 0.19 0.050| 7655428
Chrysene mg/kg 0.40 0.28 7656338 11 0.45 0.16 0.22 0.050| 7655428
Benzo(b&j)fluoranthene mg/kg|  0.39 0.25 7656338 0.76 0.39 0.14 0.18  |0.050| 7655428
Benzo(b)fluoranthene mg/kg 0.26 0.16 7656338 0.50 0.25 0.090 0.12 0.050( 7655428
Benzo(k)fluoranthene mg/kg 0.13 0.080 7656338 0.24 0.11 <0.050 0.054 0.050( 7655428
Benzo(a)pyrene mg/kg 0.19 0.13 7656338 0.33 0.19 0.067 0.086 0.050| 7655428
Indeno(1,2,3-cd)pyrene mg/kg 0.064 <0.050 7656338 0.10 0.052 <0.050 <0.050 0.050| 7655428
Dibenz(a,h)anthracene mg/kg <0.050 <0.050 7656338 <0.050 <0.050 <0.050 <0.050 0.050| 7655428
Benzo(g,h,i)perylene mg/kg|  0.091 0.062 | 7656338 | 0.099 0.051 <0.050 <0.050 |[0.050| 7655428
Low Molecular Weight PAH's | mg/kg 3.5 7649306 7.0 2.7 33 2.8 0.050| 7649306
High Molecular Weight PAH's | mg/kg 3.4 7649306 10 4.3 1.8 2.1 0.050| 7649306
Total PAH mg/kg 6.9 7649306 17 7.0 5.0 4.9 0.050( 7649306
Surrogate Recovery (%)
D10-ANTHRACENE (sur.) % 110 93 7656338 90 92 94 92 7655428
D8-ACENAPHTHYLENE (sur.) % 100 88 7656338 84 86 87 85 7655428
D8-NAPHTHALENE (sur.) % 111 92 7656338 87 88 93 90 7655428
TERPHENYL-D14 (sur.) % 99 85 7656338 83 87 90 87 7655428
RDL = Reportable Detection Limit
Lab-Dup = Laboratory Initiated Duplicate
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Report Date: 2014/09/30

Tetra Tech EBA
Client Project #: ENVIND03511-01

Site Location: 1 PORT DR, NANAIMO

CSR PAH IN SOIL BY GC-MS (SEDIMENT)

Maxxam ID KQ5517 KQ5518 KQ5519 KQ5520 KQ5521 KQ5522 KQ5523
Sampling Date 2014/09/18 | 2014/09/18 | 2014/09/18 | 2014/09/18 | 2014/09/18 | 2014/09/18 | 2014/09/18
COC Number G079948 | G079949 | GO079949 | G079949 | G079949 | G079949 | G079949

Units | 14SED12 | 14SED13 | 14SED14 | 14SED15 | 14SED16 | 14SED17 | 14SED18 | RDL | QC Batch
Polycyclic Aromatics
Naphthalene mg/kg 0.72 0.96 1.0 1.1 1.4 0.77 0.97 0.050| 7655428
2-Methylnaphthalene mg/kg|  0.97 1.2 1.3 16 1.9 0.94 1.2 0.050| 7655428
Acenaphthylene mg/kg| <0.050 <0.050 0.053 <0.050 0.064 <0.050 0.061 |0.050( 7655428
Acenaphthene mg/kg 0.39 0.50 0.48 0.47 0.68 0.54 0.51 0.050( 7655428
Fluorene mg/kg 0.37 0.40 0.44 0.37 0.63 0.54 0.51 0.050( 7655428
Phenanthrene mg/kg 1.1 0.97 1.2 0.99 1.6 1.7 1.2 0.050( 7655428
Anthracene mg/kg 0.39 0.31 0.50 0.31 0.71 0.40 0.64 0.050| 7655428
Fluoranthene mg/kg 1.5 1.4 2.9 1.0 2.3 2.0 2.4 0.050| 7655428
Pyrene mg/kg 1.3 2.0 3.0 1.2 2.5 1.7 2.8 0.050| 7655428
Benzo(a)anthracene mg/kg 0.53 0.31 0.63 0.31 0.66 0.44 0.74 0.050| 7655428
Chrysene mg/kg 0.69 0.36 0.96 0.38 0.89 0.49 1.1 0.050( 7655428
Benzo(b&j)fluoranthene mg/kg 0.60 0.37 0.83 0.26 0.79 0.41 0.97 0.050| 7655428
Benzo(b)fluoranthene mg/kg 0.40 0.24 0.54 0.17 0.52 0.27 0.64 0.050| 7655428
Benzo(k)fluoranthene mg/kg 0.18 0.11 0.25 0.076 0.24 0.12 0.28 0.050| 7655428
Benzo(a)pyrene mg/kg 0.29 0.18 0.38 0.13 0.39 0.19 0.44 0.050| 7655428
Indeno(1,2,3-cd)pyrene mg/kg|  0.092 <0.050 0.12 <0.050 0.13 0.061 0.15 0.050| 7655428
Dibenz(a,h)anthracene mg/kg| <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 0.051 |0.050| 7655428
Benzo(g,h,i)perylene mg/kg|  0.097 0.054 0.13 <0.050 0.13 0.067 0.16 0.050| 7655428
Low Molecular Weight PAH's [ mg/kg 3.9 43 5.0 4.8 7.1 4.9 5.1 0.050| 7649306
High Molecular Weight PAH's [ mg/kg 43 4.2 7.9 3.0 6.8 4.9 7.5 0.050| 7649306
Total PAH mg/kg 8.2 8.5 13 7.9 14 9.7 13 0.050| 7649306
Surrogate Recovery (%)
D10-ANTHRACENE (sur.) % 92 90 88 89 89 94 91 7655428
D8-ACENAPHTHYLENE (sur.) % 86 84 85 84 86 88 85 7655428
D8-NAPHTHALENE (sur.) % 90 91 92 95 96 93 93 7655428
TERPHENYL-D14 (sur.) % 89 89 86 89 89 91 84 7655428
RDL = Reportable Detection Limit
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Maxxam Job #: B483823
Report Date: 2014/09/30

Tetra Tech EBA

Client Project #: ENVIND03511-01

Site Location:

CSR PAH IN SOIL BY GC-MS (SEDIMENT)

1 PORT DR, NANAIMO

Maxxam ID KQ5524 KQ5525
Sampling Date 2014/09/18 | 2014/09/18
COC Number G079949 G079949

Units | 14SED-DUP1 | 14SED-DUP2 | RDL | QC Batch
Polycyclic Aromatics
Naphthalene mg/kg 0.94 1.2 0.050| 7655428
2-Methylnaphthalene mg/kg 1.3 1.5 0.050( 7655428
Acenaphthylene mg/kg <0.050 0.061 0.050( 7655428
Acenaphthene mg/kg 0.39 0.57 0.050| 7655428
Fluorene mg/kg 0.35 0.54 0.050| 7655428
Phenanthrene mg/kg 0.99 1.7 0.050( 7655428
Anthracene mg/kg 0.37 0.57 0.050( 7655428
Fluoranthene mg/kg 1.4 3.0 0.050( 7655428
Pyrene mg/kg 1.5 3.0 0.050( 7655428
Benzo(a)anthracene mg/kg 0.37 0.69 0.050( 7655428
Chrysene mg/kg 0.51 1.1 0.050| 7655428
Benzo(b&j)fluoranthene mg/kg 0.48 0.93 0.050| 7655428
Benzo(b)fluoranthene mg/kg 0.31 0.62 0.050| 7655428
Benzo(k)fluoranthene mg/kg 0.14 0.27 0.050( 7655428
Benzo(a)pyrene mg/kg 0.23 0.40 0.050( 7655428
Indeno(1,2,3-cd)pyrene mg/kg 0.082 0.12 0.050( 7655428
Dibenz(a,h)anthracene mg/kg <0.050 <0.050 0.050| 7655428
Benzo(g,h,i)perylene mg/kg 0.093 0.12 0.050| 7655428
Low Molecular Weight PAH's [ mg/kg 43 6.1 0.050| 7649306
High Molecular Weight PAH’s | mg/kg 4.0 8.2 0.050( 7649306
Total PAH mg/kg 8.3 14 0.050( 7649306
Surrogate Recovery (%)
D10-ANTHRACENE (sur.) % 91 88 7655428
D8-ACENAPHTHYLENE (sur.) % 84 85 7655428
D8-NAPHTHALENE (sur.) % 93 92 7655428
TERPHENYL-D14 (sur.) % 88 85 7655428
RDL = Reportable Detection Limit
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Maxxam Job #: B483823 Tetra Tech EBA
Report Date: 2014/09/30 Client Project #: ENVIND03511-01
Site Location: 1 PORT DR, NANAIMO

GENERAL COMMENTS
Each temperature is the average of up to three cooler temperatures taken at receipt
Package 1 4.3°C
Package 2 6.7°C

Results relate only to the items tested.
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A Bureau Verllas Group Company

Maxxam Job #: B483823
Report Date: 2014/09/30

QUALITY ASSURANCE REPORT

Tetra Tech EBA
Client Project #: ENVIND03511-01

Site Location:

1 PORT DR, NANAIMO

Matrix Spike Spiked Blank Method Blank RPD QC Standard

QC Batch | Parameter Date % Recovery | QC Limits | % Recovery | QC Limits Value Units Value (%) | QC Limits % Recovery| QC Limits
7655428 | D10-ANTHRACENE (sur.) 2014/09/26 93 60 - 130 118 60 - 130 119 %

7655428 | D8-ACENAPHTHYLENE (sur.) 2014/09/26 87 50-130 89 50-130 86 %

7655428 | D8-NAPHTHALENE (sur.) 2014/09/26 95 50-130 91 50- 130 88 %

7655428 | TERPHENYL-D14 (sur.) 2014/09/26 90 60 - 130 88 60 - 130 86 %

7656338 | D10-ANTHRACENE (sur.) 2014/09/27 95 60 - 130 97 60 - 130 97 %

7656338 | D8-ACENAPHTHYLENE (sur.) 2014/09/27 97 50-130 97 50-130 100 %

7656338 | D8-NAPHTHALENE (sur.) 2014/09/27 99 50-130 100 50-130 100 %

7656338 | TERPHENYL-D14 (sur.) 2014/09/27 97 60 - 130 96 60 - 130 95 %

7650845 | Total Aluminum (Al) 2014/09/24 <100 mg/kg 3.8 35 108 70-130
7650845 | Total Antimony (Sb) 2014/09/24 85 75 -125 98 75 -125 <0.10 mg/kg NC 30 105 70-130
7650845 | Total Arsenic (As) 2014/09/24 93 75 -125 95 75 -125 <0.50 mg/kg 2.3 30 102 70-130
7650845 | Total Barium (Ba) 2014/09/24 NC 75 -125 101 75 -125 <0.10 mg/kg 2.7 35 106 70-130
7650845 | Total Beryllium (Be) 2014/09/24 99 75 -125 100 75 -125 <0.40 mg/kg NC 30

7650845 | Total Bismuth (Bi) 2014/09/24 <0.10 mg/kg NC 30

7650845 | Total Cadmium (Cd) 2014/09/24 98 75-125 100 75-125 <0.050 mg/kg 0.34 30 113 70-130
7650845 | Total Calcium (Ca) 2014/09/24 <100 mg/kg 1.4 30 99 70-130
7650845 | Total Chromium (Cr) 2014/09/24 91 75-125 96 75-125 <1.0 mg/kg 1.7 30 111 70-130
7650845 | Total Cobalt (Co) 2014/09/24 92 75 -125 100 75 -125 <0.30 mg/kg 2.6 30 96 70-130
7650845 | Total Copper (Cu) 2014/09/24 NC 75 -125 103 75 -125 <0.50 mg/kg 7.6 30 96 70-130
7650845 | Total Iron (Fe) 2014/09/24 <100 mg/kg 1.7 30 98 70-130
7650845 | Total Lead (Pb) 2014/09/24 93 75 -125 103 75 -125 <0.10 mg/kg 4.5 35 102 70-130
7650845 | Total Lithium (Li) 2014/09/24 101 75 -125 99 75-125 <5.0 mg/kg NC 30

7650845 | Total Magnesium (Mg) 2014/09/24 <100 mg/kg 5.4 30 96 70-130
7650845 | Total Manganese (Mn) 2014/09/24 NC 75-125 101 75-125 <0.20 mg/kg 1.2 30 101 70-130
7650845 | Total Mercury (Hg) 2014/09/24 107 75-125 95 75-125 <0.050 mg/kg NC 35 111 70-130
7650845 | Total Molybdenum (Mo) 2014/09/24 108 75 -125 105 75 -125 <0.10 mg/kg 3.0 35 118 70-130
7650845 | Total Nickel (Ni) 2014/09/24 97 75 -125 101 75 -125 <0.80 mg/kg 4.8 30 103 70-130
7650845 | Total Phosphorus (P) 2014/09/24 <10 mg/kg 6.0 30 93 70-130
7650845 | Total Potassium (K) 2014/09/24 <100 mg/kg 2.2 35

7650845 | Total Selenium (Se) 2014/09/24 95 75-125 97 75-125 <0.50 mg/kg NC 30

7650845 | Total Silver (Ag) 2014/09/24 93 75-125 103 75-125 <0.050 mg/kg NC 35

7650845 | Total Sodium (Na) 2014/09/24 <100 mg/kg 0.74 35

Maxxam Analytics International Corporation o/a Maxxam Analytics Burnaby: 4606 Canada Way V5G 1K5 Telephone(604) 734-7276 Fax(604) 731-2386
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A Bureau Verllas Group Company

Maxxam Job #: B483823
Report Date: 2014/09/30

QUALITY ASSURANCE REPORT(CONT'D)

Tetra Tech EBA
Client Project #: ENVIND03511-01

Site Location:

1 PORT DR, NANAIMO

Matrix Spike Spiked Blank Method Blank RPD QC Standard

QC Batch | Parameter Date % Recovery | QC Limits | % Recovery | QC Limits Value Units Value (%) | QC Limits % Recovery| QC Limits
7650845 | Total Strontium (Sr) 2014/09/24 NC 75-125 100 75-125 <0.10 mg/kg 0.24 35 110 70-130
7650845 | Total Thallium (TI) 2014/09/24 88 75 -125 103 75 -125 <0.050 mg/kg NC 30 101 70-130
7650845 | Total Tin (Sn) 2014/09/24 94 75 -125 98 75 -125 <0.10 mg/kg 1.6 35

7650845 | Total Titanium (Ti) 2014/09/24 NC 75 -125 94 75 -125 <1.0 mg/kg 3.1 35 111 70-130
7650845 | Total Uranium (U) 2014/09/24 96 75-125 99 75-125 <0.050 mg/kg 5.5 30 103 70-130
7650845 | Total Vanadium (V) 2014/09/24 NC 75 -125 98 75 -125 <2.0 mg/kg 1.9 30 111 70-130
7650845 | Total Zinc (Zn) 2014/09/24 NC 75-125 102 75-125 <1.0 mg/kg 2.5 30 95 70-130
7650845 | Total Zirconium (Zr) 2014/09/24 <0.50 mg/kg 1.1 30

7650856 | Soluble (2:1) pH 2014/09/24 100 97 - 103 0.38 N/A

7650867 | Total Aluminum (Al) 2014/09/24 <100 mg/kg 13 35 103 70-130
7650867 | Total Antimony (Sb) 2014/09/24 93 75 -125 102 75 -125 <0.10 mg/kg NC 30 109 70-130
7650867 | Total Arsenic (As) 2014/09/24 102 75 -125 97 75-125 |0.51,RDL=0.50| mg/kg 13 30 102 70-130
7650867 | Total Barium (Ba) 2014/09/24 NC 75 -125 102 75 -125 <0.10 mg/kg 0.79 35 107 70-130
7650867 | Total Beryllium (Be) 2014/09/24 101 75 -125 108 75 -125 <0.40 mg/kg NC 30

7650867 | Total Bismuth (Bi) 2014/09/24 <0.10 mg/kg NC 30

7650867 | Total Cadmium (Cd) 2014/09/24 104 75-125 104 75-125 <0.050 mg/kg 35 30 104 70-130
7650867 | Total Calcium (Ca) 2014/09/24 <100 mg/kg 6.1 30 96 70-130
7650867 | Total Chromium (Cr) 2014/09/24 105 75 -125 99 75 -125 <1.0 mg/kg 2.0 30 108 70-130
7650867 | Total Cobalt (Co) 2014/09/24 102 75 -125 100 75 -125 <0.30 mg/kg 4.5 30 90 70-130
7650867 | Total Copper (Cu) 2014/09/24 102 75 -125 104 75 -125 <0.50 mg/kg 1.2 30 95 70-130
7650867 | Total Iron (Fe) 2014/09/24 <100 mg/kg 2.2 30 95 70-130
7650867 | Total Lead (Pb) 2014/09/24 106 75 -125 106 75 -125 <0.10 mg/kg 0.14 35 101 70-130
7650867 | Total Lithium (Li) 2014/09/24 100 75-125 105 75-125 <5.0 mg/kg NC 30

7650867 | Total Magnesium (Mg) 2014/09/24 <100 mg/kg 2.3 30 95 70-130
7650867 | Total Manganese (Mn) 2014/09/24 NC 75-125 103 75-125 <0.20 mg/kg 2.2 30 100 70-130
7650867 | Total Mercury (Hg) 2014/09/24 105 75 -125 99 75 -125 <0.050 mg/kg NC 35 84 70-130
7650867 | Total Molybdenum (Mo) 2014/09/24 109 75 -125 109 75 -125 <0.10 mg/kg 3.2 35 116 70-130
7650867 | Total Nickel (Ni) 2014/09/24 NC 75 -125 101 75 -125 <0.80 mg/kg 0.54 30 99 70-130
7650867 | Total Phosphorus (P) 2014/09/24 <10 mg/kg 3.0 30 91 70-130
7650867 | Total Potassium (K) 2014/09/24 <100 mg/kg 0.20 35

7650867 | Total Selenium (Se) 2014/09/24 103 75-125 100 75-125 <0.50 mg/kg NC 30

7650867 | Total Silver (Ag) 2014/09/24 99 75-125 100 75-125 <0.050 mg/kg NC 35
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A Bureau Verllas Group Company

Maxxam Job #: B483823
Report Date: 2014/09/30

QUALITY ASSURANCE REPORT(CONT'D)

Tetra Tech EBA
Client Project #: ENVIND03511-01

Site Location:

1 PORT DR, NANAIMO

Matrix Spike Spiked Blank Method Blank RPD QC Standard

QC Batch | Parameter Date % Recovery | QC Limits | % Recovery | QC Limits Value Units Value (%) | QC Limits % Recovery| QC Limits
7650867 | Total Sodium (Na) 2014/09/24 <100 mg/kg NC 35

7650867 | Total Strontium (Sr) 2014/09/24 NC 75 -125 103 75 -125 <0.10 mg/kg 1.2 35 107 70-130
7650867 | Total Thallium (TI) 2014/09/24 91 75 -125 102 75 -125 <0.050 mg/kg NC 30 99 70-130
7650867 | Total Tin (Sn) 2014/09/24 99 75 -125 98 75 -125 <0.10 mg/kg 5.7 35

7650867 | Total Titanium (Ti) 2014/09/24 NC 75 -125 97 75 -125 <1.0 mg/kg 8.6 35 114 70-130
7650867 | Total Uranium (U) 2014/09/24 105 75 -125 101 75 -125 <0.050 mg/kg 4.1 30 103 70-130
7650867 | Total Vanadium (V) 2014/09/24 NC 75-125 97 75-125 <2.0 mg/kg 1.9 30 108 70-130
7650867 | Total Zinc (Zn) 2014/09/24 NC 75-125 105 75-125 <1.0 mg/kg 2.0 30 96 70-130
7650867 | Total Zirconium (Zr) 2014/09/24 <0.50 mg/kg 3.2 30

7650915 | Soluble (2:1) pH 2014/09/24 100 97 - 103 0.37 N/A

7651107 | Total Aluminum (Al) 2014/09/24 <100 mg/kg 6.7 35 126 70-130
7651107 | Total Antimony (Sb) 2014/09/24 95 75 -125 106 75 -125 <0.10 mg/kg NC 30 103 70-130
7651107 | Total Arsenic (As) 2014/09/24 104 75 -125 99 75 -125 <0.50 mg/kg 2.0 30 101 70-130
7651107 | Total Barium (Ba) 2014/09/24 NC 75 -125 105 75 -125 <0.10 mg/kg 0.25 35 105 70-130
7651107 | Total Beryllium (Be) 2014/09/24 98 75-125 99 75-125 <0.40 mg/kg NC 30

7651107 | Total Bismuth (Bi) 2014/09/24 <0.10 mg/kg NC 30

7651107 | Total Cadmium (Cd) 2014/09/24 104 75-125 103 75-125 <0.050 mg/kg 10 30 105 70-130
7651107 | Total Calcium (Ca) 2014/09/24 <100 mg/kg 15 30 105 70-130
7651107 | Total Chromium (Cr) 2014/09/24 103 75 -125 106 75 -125 <1.0 mg/kg 4.9 30 120 70-130
7651107 | Total Cobalt (Co) 2014/09/24 102 75 -125 108 75 -125 <0.30 mg/kg 33 30 99 70-130
7651107 | Total Copper (Cu) 2014/09/24 NC 75 -125 107 75 -125 <0.50 mg/kg 6.9 30 98 70-130
7651107 | Total Iron (Fe) 2014/09/24 <100 mg/kg 2.2 30 105 70-130
7651107 | Total Lead (Pb) 2014/09/24 104 75-125 109 75-125 <0.10 mg/kg 2.9 35 106 70 - 130
7651107 | Total Lithium (Li) 2014/09/24 98 75-125 100 75-125 <5.0 mg/kg NC 30

7651107 | Total Magnesium (Mg) 2014/09/24 <100 mg/kg 0.90 30 104 70-130
7651107 | Total Manganese (Mn) 2014/09/24 NC 75 -125 107 75 -125 <0.20 mg/kg 2.4 30 104 70-130
7651107 | Total Mercury (Hg) 2014/09/24 102 75 -125 110 75 -125 <0.050 mg/kg NC 35 86 70-130
7651107 | Total Molybdenum (Mo) 2014/09/24 116 75 -125 103 75 -125 <0.10 mg/kg 2.4 35 116 70-130
7651107 | Total Nickel (Ni) 2014/09/24 NC 75 -125 106 75 -125 <0.80 mg/kg 7.1 30 99 70-130
7651107 | Total Phosphorus (P) 2014/09/24 <10 mg/kg 2.9 30 97 70-130
7651107 | Total Potassium (K) 2014/09/24 <100 mg/kg 5.0 35

7651107 | Total Selenium (Se) 2014/09/24 103 75-125 104 75-125 <0.50 mg/kg NC 30
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A Bureau Verllas Group Company

Maxxam Job #: B483823
Report Date: 2014/09/30

QUALITY ASSURANCE REPORT(CONT'D)

Tetra Tech EBA

Client Project #: ENVIND03511-01

Site Location:

1 PORT DR, NANAIMO

Matrix Spike Spiked Blank Method Blank RPD QC Standard

QC Batch | Parameter Date % Recovery | QC Limits | % Recovery | QC Limits Value Units Value (%) | QC Limits % Recovery| QC Limits
7651107 | Total Silver (Ag) 2014/09/24 105 75-125 99 75-125 <0.050 mg/kg NC 35

7651107 | Total Sodium (Na) 2014/09/24 <100 mg/kg NC 35

7651107 | Total Strontium (Sr) 2014/09/24 NC 75 -125 101 75-125 <0.10 mg/kg 0.26 35 108 70-130
7651107 | Total Thallium (TI) 2014/09/24 85 75 -125 108 75-125 <0.050 mg/kg NC 30 106 70-130
7651107 | Total Tin (Sn) 2014/09/24 100 75 -125 101 75 -125 <0.10 mg/kg 2.4 35

7651107 | Total Titanium (Ti) 2014/09/24 NC 75 -125 101 75 -125 <1.0 mg/kg 1.8 35 124 70-130
7651107 | Total Uranium (U) 2014/09/24 104 75-125 105 75 -125 <0.050 mg/kg 8.2 30 108 70-130
7651107 | Total Vanadium (V) 2014/09/24 NC 75-125 105 75 -125 <2.0 mg/kg 7.7 30 118 70-130
7651107 | Total Zinc (Zn) 2014/09/24 NC 75-125 105 75-125 <1.0 mg/kg 3.7 30 94 70-130
7651107 | Total Zirconium (Zr) 2014/09/24 <0.50 mg/kg 0.82 30

7651113 | Soluble (2:1) pH 2014/09/24 99 97 - 103 0.73 N/A

7653594 | Moisture 2014/09/26 <0.30 % 7.6 20

7655428 | 2-Methylnaphthalene 2014/09/26 96 50-130 <0.050 mg/kg

7655428 | Acenaphthene 2014/09/26 98 50-130 <0.050 mg/kg

7655428 | Acenaphthylene 2014/09/26 91 50-130 <0.050 mg/kg

7655428 | Anthracene 2014/09/26 98 60 - 130 <0.050 mg/kg

7655428 | Benzo(a)anthracene 2014/09/26 96 60-130 <0.050 mg/kg

7655428 | Benzo(a)pyrene 2014/09/26 96 60-130 <0.050 mg/kg

7655428 | Benzo(b&j)fluoranthene 2014/09/26 96 60 - 130 <0.050 mg/kg

7655428 | Benzo(b)fluoranthene 2014/09/26 <0.050 mg/kg

7655428 | Benzo(g,h,i)perylene 2014/09/26 90 60-130 <0.050 mg/kg

7655428 | Benzo(k)fluoranthene 2014/09/26 101 60-130 <0.050 mg/kg

7655428 | Chrysene 2014/09/26 97 60-130 <0.050 mg/kg

7655428 | Dibenz(a,h)anthracene 2014/09/26 81 60 - 130 <0.050 mg/kg

7655428 | Fluoranthene 2014/09/26 96 60 - 130 <0.050 mg/kg

7655428 | Fluorene 2014/09/26 94 50-130 <0.050 mg/kg

7655428 | Indeno(1,2,3-cd)pyrene 2014/09/26 89 60 - 130 <0.050 mg/kg

7655428 | Naphthalene 2014/09/26 94 50-130 <0.050 mg/kg

7655428 | Phenanthrene 2014/09/26 95 60-130 <0.050 mg/kg

7655428 | Pyrene 2014/09/26 96 60-130 <0.050 mg/kg

7656338 | 2-Methylnaphthalene 2014/09/28 96 50-130 95 50-130 <0.050 mg/kg NC 50

7656338 | Acenaphthene 2014/09/28 93 50-130 93 50-130 <0.050 mg/kg NC 50
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Maxxam Job #: B483823
Report Date: 2014/09/30

QUALITY ASSURANCE REPORT(CONT'D)

Tetra Tech EBA
Client Project #: ENVIND03511-01

Site Location:

1 PORT DR, NANAIMO

Matrix Spike Spiked Blank Method Blank RPD QC Standard
QC Batch | Parameter Date % Recovery | QC Limits | % Recovery | QC Limits Value Units Value (%) | QC Limits % Recovery| QC Limits
7656338 | Acenaphthylene 2014/09/28 92 50-130 94 50-130 <0.050 mg/kg NC 50
7656338 | Anthracene 2014/09/28 94 60 - 130 91 60 - 130 <0.050 mg/kg NC 50
7656338 | Benzo(a)anthracene 2014/09/28 91 60 - 130 93 60 - 130 <0.050 mg/kg NC 50
7656338 | Benzo(a)pyrene 2014/09/28 95 60 - 130 95 60 - 130 <0.050 mg/kg NC 50
7656338 | Benzo(b&j)fluoranthene 2014/09/28 96 60 - 130 94 60 - 130 <0.050 mg/kg NC 50
7656338 | Benzo(b)fluoranthene 2014/09/28 <0.050 mg/kg NC 50
7656338 | Benzo(g,h,i)perylene 2014/09/28 88 60-130 88 60-130 <0.050 mg/kg NC 50
7656338 | Benzo(k)fluoranthene 2014/09/28 97 60-130 102 60-130 <0.050 mg/kg NC 50
7656338 | Chrysene 2014/09/28 94 60 - 130 95 60 - 130 <0.050 mg/kg NC 50
7656338 | Dibenz(a,h)anthracene 2014/09/28 87 60 - 130 86 60 - 130 <0.050 mg/kg NC 50
7656338 | Fluoranthene 2014/09/28 92 60 - 130 90 60 - 130 <0.050 mg/kg NC 50
7656338 | Fluorene 2014/09/28 93 50-130 93 50- 130 <0.050 mg/kg NC 50
7656338 | Indeno(1,2,3-cd)pyrene 2014/09/28 91 60-130 91 60 - 130 <0.050 mg/kg NC 50
7656338 | Naphthalene 2014/09/28 96 50-130 97 50-130 <0.050 mg/kg NC 50
7656338 | Phenanthrene 2014/09/28 86 60 - 130 88 60 - 130 <0.050 mg/kg NC 50
7656338 | Pyrene 2014/09/28 94 60 - 130 94 60 - 130 <0.050 mg/kg NC 50

N/A = Not Applicable

Duplicate: Paired analysis of a separate portion of the same sample. Used to evaluate the variance in the measurement.

Matrix Spike: A sample to which a known amount of the analyte of interest has been added. Used to evaluate sample matrix interference.

QC Standard: A sample of known concentration prepared by an external agency under stringent conditions. Used as an independent check of method accuracy.

Spiked Blank: A blank matrix sample to which a known amount of the analyte, usually from a second source, has been added. Used to evaluate method accuracy.

Method Blank: A blank matrix containing all reagents used in the analytical procedure. Used to identify laboratory contamination.

Surrogate: A pure or isotopically labeled compound whose behavior mirrors the analytes of interest. Used to evaluate extraction efficiency.

NC (Matrix Spike): The recovery in the matrix spike was not calculated. The relative difference between the concentration in the parent sample and the spiked amount was too small to permit a reliable
recovery calculation (matrix spike concentration was less than 2x that of the native sample concentration).

NC (Duplicate RPD): The duplicate RPD was not calculated. The concentration in the sample and/or duplicate was too low to permit a reliable RPD calculation (one or both samples < 5x RDL).

Maxxam Analytics International Corporation o/a Maxxam Analytics Burnaby: 4606 Canada Way V5G 1K5 Telephone(604) 734-7276 Fax(604) 731-2386
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A Bureau Verllas Group Company

Maxxam Job #: B483823 Tetra Tech EBA
Report Date: 2014/09/30 Client Project #: ENVIND03511-01
Site Location: 1 PORT DR, NANAIMO

VALIDATION SIGNATURE PAGE

The analytical data and all QC contained in this report were reviewed and validated by the following individual(s).

Andy Lu, Data Validation Coordinator

Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC
17025:2005(E), signing the reports. For Service Group specific validation please refer to the Validation Signature Page.
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Attention:Lora J Paul

Tetra Tech EBA

#1 - 4376 Boban Drive
Nanaimo, BC

CANADA VIT 6A7

MAXXAM JOB #: B4A2450
Received: 2014/11/08, 10:20

Sample Matrix: Sediment
# Samples Received: 11

Your Project #: ENVIN003511-01.004

Site#: SEDIMENT DRILLING
Site Location:  PORT DRIVE

Your C.O.C. #: G089219, G089220, G089221

CERTIFICATE OF ANALYSIS

Report Date: 2014/11/18
Report #: R1686056
Version: 1 - Final

Date Date
Analyses Quantity Extracted Analyzed Laboratory Method Analytical Method
Moisture 11 N/A 2014/11/13 BBY8SOP-00017 OMOE E31393.1m
Benzo[a]pyrene Equivalency 11 N/A 2014/11/18 BBY WI-00033 Auto Calc
PAH in Soil by GC/MS Lowlevel (Extended) 11 2014/11/12 2014/11/18 BBY8SOP-00022 EPA 8270d R4 m
Total LMW, HMW, Total PAH Calc 11 N/A 2014/11/18 BBY WI-00033 Auto Calc

* RPDs calculated using raw data. The rounding of final results may result in the apparent difference.

Encryption Key

Please direct all questions regarding this Certificate of Analysis to your Project Manager.

Crystal Ireland, B.Sc., Account Specialist
Email: Clreland@maxxam.ca
Phonett (604)638-5016

This report has been generated and distributed using a secure automated process.
Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC 17025:2005(E),
signing the reports. For Service Group specific validation please refer to the Validation Signature Page.

Maxxam Analytics International Corporation o/a Maxxam Analytics Burnaby: 4606 Canada Way V5G 1K5 Telephone(604) 734-7276 Fax(604) 731-2386
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Maxxam Job #: B4A2450
Report Date: 2014/11/18

Tetra Tech EBA
Client Project #: ENVIN003511-01.004

Site Location:

Sampler Initials: SW

PHYSICAL TESTING (SEDIMENT)

PORT DRIVE

Maxxam ID LC5349 LC5349 LC5352 LC5356 LC5367
Sampling Date 2014/11/06 2014/11/06 2014/11/06 2014/11/06 2014/11/06
COC Number G089219 G089219 G089219 G089219 G089220

14SED019@1.1

Physical Properties

Moisture

| % |

19

|0.30] 7714474

RDL = Reportable Detection Limit

Page 2 of 12

Maxxam Analytics International Corporation o/a Maxxam Analytics Burnaby: 4606 Canada Way V5G 1K5 Telephone(604) 734-7276 Fax(604) 731-2386

Units | 14SED019@1.1 14SED020@1.0 | 14SED021@1.5 | 14SED022@1.5 | RDL | QC Batch
Lab-Dup
Physical Properties
Moisture | % | 31 29 7.1 10 20 |0.30] 7714474
RDL = Reportable Detection Limit
Lab-Dup = Laboratory Initiated Duplicate
Maxxam ID LC5371 LC5372 LC5373 LC5374 LC5375 LC5376
Sampling Date 2014/11/06 2014/11/06 | 2014/11/06 | 2014/11/06 | 2014/11/06 | 2014/11/06
COC Number G089220 G089220 G089220 G089220 G089220 G089220
Units | 14SED023@1.8 | 14SED023-A | 14SED023-B | 14SED023-C | 14SED023-D DUP1 RDL | QC Batch
Physical Properties
Moisture | % | 15 29 30 25 29 16 |0.30] 7714474
RDL = Reportable Detection Limit
Maxxam ID LC5379
Sampling Date 2014/11/06
COC Number G089221
Units | 14SED024@1.3 | RDL | QC Batch
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Maxxam Job #: B4A2450
Report Date: 2014/11/18

Tetra Tech EBA

Client Project #: ENVIN003511-01.004
PORT DRIVE

Sampler Initials: SW

Site Location:

CCME PAH IN SEDIMENTS BY GC-MS (SEDIMENT)

Maxxam ID LC5349 LC5352 LC5356 LC5367
Sampling Date 2014/11/06 2014/11/06 2014/11/06 2014/11/06
COC Number G089219 (089219 G089219 G089220

Units | 14SED019@1.1| RDL |14SED020@1.0 | 14SED021@1.5| RDL |14SED022@1.5| RDL |QC Batch
Calculated Parameters
Index of Additive Cancer Risk(IARC) | N/A 0.11 0.10 <0.10 <0.10 0.10 0.11 0.10 | 7714409
Benzo[a]pyrene equivalency N/A <0.10 0.10 <0.10 <0.10 0.10 <0.10 0.10 | 7714409
Polycyclic Aromatics
Naphthalene mg/kg <0.010 (1) | 0.010 0.0013 0.014 0.0010 0.023 (1) | 0.010 | 7722301
2-Methylnaphthalene mg/kg 0.010(1) | 0.010 0.0017 0.029 0.0010 0.045 (1) | 0.010 | 7722301
Acenaphthylene mg/kg|  <0.0050 (1) [0.0050| <0.00050 <0.00050 |0.00050( <0.0050 (1) |0.0050( 7722301
Acenaphthene mg/kg|  <0.0050 (1) [0.0050| <0.00050 0.0075 0.00050 0.0057 (1) |0.0050| 7722301
Fluorene mg/kg <0.010(1) | 0.010 <0.0010 0.0041 0.0010 <0.010 (1) | 0.010 | 7722301
Phenanthrene mg/kg 0.011(1) | 0.010 0.0016 0.020 0.0010 0.023(1) | 0.010 | 7722301
Anthracene mg/kg <0.010(1) | 0.010 <0.0010 0.0037 0.0010 <0.010 (1) | 0.010 | 7722301
Fluoranthene mg/kg <0.010 (1) | 0.010 0.0016 0.0061 0.0010 0.018 (1) | 0.010 | 7722301
Pyrene mg/kg <0.010 (1) | 0.010 0.0014 0.0066 0.0010 0.014 (1) | 0.010 | 7722301
Benzo(a)anthracene mg/kg <0.010(1) | 0.010 <0.0010 0.0041 0.0010 <0.010 (1) | 0.010 | 7722301
Chrysene mg/kg <0.010(1) | 0.010 <0.0010 0.0058 0.0010 <0.010 (1) | 0.010 | 7722301
Benzo(b)fluoranthene mg/kg <0.010(1) | 0.010 <0.0010 0.0026 0.0010 <0.010 (1) | 0.010 | 7722301
Benzo(b&j)fluoranthene mg/kg <0.010 (1) | 0.010 <0.0010 0.0037 0.0010 <0.010 (1) | 0.010 | 7722301
Benzo(k)fluoranthene mg/kg <0.010(1) | 0.010 <0.0010 <0.0010 0.0010 <0.010(1) | 0.010 | 7722301
Benzo(a)pyrene mg/kg <0.010(1) | 0.010 <0.0010 0.0026 0.0010 <0.010 (1) | 0.010 | 7722301
Indeno(1,2,3-cd)pyrene mg/ke <0.020 (1) | 0.020 <0.0020 <0.0020 0.0020 <0.020 (1) | 0.020 | 7722301
Dibenz(a,h)anthracene mg/kg|  <0.0050 (1) [0.0050|  <0.00050 <0.00050 |0.00050| <0.0050 (1) |0.0050| 7722301
Benzo(g,h,i)perylene mg/kg <0.020 (1) | 0.020 <0.0020 0.0029 0.0020 <0.020 (1) | 0.020 | 7722301
Low Molecular Weight PAH's mg/kg 0.021 0.010 0.0046 0.078 0.0010 0.097 0.010 | 7713593
High Molecular Weight PAH's mg/kg <0.010 0.010 0.0030 0.025 0.0010 0.032 0.010 | 7713593
Total PAH mg/kg 0.021 0.010 0.0076 0.10 0.0010 0.13 0.010 | 7713593
Surrogate Recovery (%)
D10-ANTHRACENE (sur.) % 94 79 75 88 7722301
D8-ACENAPHTHYLENE (sur.) % 68 72 68 64 7722301
D8-NAPHTHALENE (sur.) % 77 70 68 72 7722301
TERPHENYL-D14 (sur.) % 87 85 82 84 7722301

RDL = Reportable Detecti

on Limit

(1) Detection limits raised due to dilution as a result of sample matrix inteference.
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Maxxam Job #: B4A2450
Report Date: 2014/11/18

Tetra Tech EBA

Client Project #: ENVIN003511-01.004

Site Location:

PORT DRIVE

Sampler Initials: SW

CCME PAH IN SEDIMENTS BY GC-MS (SEDIMENT)

Maxxam ID LC5371 LC5372 LC5373 LC5373 LC5374 LC5375
Sampling Date 2014/11/06 2014/11/06 | 2014/11/06 | 2014/11/06 | 2014/11/06 | 2014/11/06
COC Number G089220 G089220 G089220 G089220 G089220 G089220

Units | 14SED023@1.8 | 14SED023-A | 14SED023-B lts:lfgi‘:-B 14SED023-C| 14SED023-D| RDL [QC Batch
Calculated Parameters
Index of Additive Cancer Risk(IARC) | N/A 0.11 4.0 4.3 13 4.3 0.10 | 7714409
Benzo[a]pyrene equivalency N/A <0.10 0.26 0.27 1.0 0.29 0.10 | 7714409
Polycyclic Aromatics
Naphthalene mg/kg 0.034 (1) 3.3(1) 2.2(1) 2.3(1) 1.7 (1) 3.6(1) | 0.010 | 7722301
2-Methylnaphthalene mg/kg 0.058 (1) 5.3(1) 3.4(1) 3.5(1) 2.7 (1) 5.9(1) | 0.010 | 7722301
Acenaphthylene mg/kg|  <0.0050 (1) 0.035 (1) 0.034 (1) 0.037 (1) 0.15 (1) 0.042 (1) [0.0050( 7722301
Acenaphthene mg/kg 0.011 (1) 0.83 (1) 0.66 (1) 0.66 (1) 0.49 (1) 0.86 (1) |0.0050| 7722301
Fluorene mg/kg|  <0.010 (1) 0.61(1) 0.63 (1) 0.67 (1) 0.68 (1) 0.65(1) | 0.010 | 7722301
Phenanthrene mg/kg 0.022 (1) 1.7 (1) 1.4 (1) 1.7 (1) 3.0(1) 1.8 (1) [ 0.010 | 7722301
Anthracene mg/kg <0.010 (1) 0.55 (1) 0.55 (1) 0.57 (1) 1.3(1) 0.64 (1) | 0.010 | 7722301
Fluoranthene mg/kg 0.021 (1) 1.1(1) 1.5(1) 1.7 (1) 2.6 (1) 1.1(1) | 0.010 | 7722301
Pyrene mg/kg 0.026 (1) 1.0(1) 1.2 (1) 1.4 (1) 2.6 (1) 1.1(1) | 0.010 | 7722301
Benzo(a)anthracene mg/kg <0.010 (1) 0.38 (1) 0.43 (1) 0.50(1) 0.94 (1) 0.41(1) | 0.010 | 7722301
Chrysene mg/kg <0.010 (1) 0.38 (1) 0.47 (1) 0.55 (1) 0.91 (1) 0.41 (1) | 0.010 | 7722301
Benzo(b)fluoranthene mg/kg|  <0.010 (1) 0.17 (1) 0.18 (1) 0.21(1) 0.50 (1) 0.18 (1) | 0.010 | 7722301
Benzo(b&j)fluoranthene mg/kg <0.010 (1) 0.27 (1) 0.28 (1) 0.33(1) 0.83 (1) 0.28 (1) | 0.010 | 7722301
Benzo(k)fluoranthene mg/kg <0.010 (1) 0.069 (1) 0.079 (1) 0.098 (1) 0.31(1) 0.073 (1) | 0.010 | 7722301
Benzo(a)pyrene mg/kg <0.010 (1) 0.15(1) 0.16 (1) 0.21 (1) 0.67 (1) 0.17 (1) | 0.010 | 7722301
Indeno(1,2,3-cd)pyrene mg/kg <0.020 (1) 0.038 (1) 0.044 (1) 0.061 (1) 0.26 (1) 0.047 (1) | 0.020 | 7722301
Dibenz(a,h)anthracene mg/kg|  <0.0050 (1) 0.027(1) | 0.025(1) | 0.033(1) 0.10 (1) 0.030 (1) |0.0050( 7722301
Benzo(g,h,i)perylene mg/kg <0.020 (1) 0.070 (1) 0.067 (1) | 0.089 (1) 0.28 (1) 0.081 (1) | 0.020 | 7722301
Low Molecular Weight PAH's mg/kg 0.12 12 8.9 10 13 0.010 | 7713593
High Molecular Weight PAH's mg/kg 0.047 3.1 3.8 7.9 3.2 0.010 | 7713593
Total PAH mg/kg 0.17 15 13 18 17 0.010 | 7713593
Surrogate Recovery (%)
D10-ANTHRACENE (sur.) % 87 70 79 78 78 67 7722301
D8-ACENAPHTHYLENE (sur.) % 66 61 57 61 61 64 7722301
D8-NAPHTHALENE (sur.) % 68 98 91 92 83 107 7722301
TERPHENYL-D14 (sur.) % 79 80 82 83 84 83 7722301

RDL = Reportable Detection Limit

Lab-Dup = Laboratory Initiated Duplicate

(1) Detection limits raised due to dilution as a result of sample matrix inteference.
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Maxxam Job #: B4A2450
Report Date: 2014/11/18

Tetra Tech EBA
Client Project #: ENVIN003511-01.004

Site Location:

PORT DRIVE

Sampler Initials: SW

CCME PAH IN SEDIMENTS BY GC-MS (SEDIMENT)

Maxxam ID LC5376 LC5379
Sampling Date 2014/11/06 2014/11/06
COC Number G089220 G089221

Units DUP1 RDL |14SED024@1.3| RDL |QC Batch
Calculated Parameters
Index of Additive Cancer Risk(IARC) | N/A 0.11 0.10 0.11 0.10 | 7714409
Benzo[a]lpyrene equivalency N/A <0.10 0.10 <0.10 0.10 | 7714409
Polycyclic Aromatics
Naphthalene mg/kg 0.036 (1) | 0.010 0.062 (1) 0.010 | 7722301
2-Methylnaphthalene mg/kg|  0.057 (1) | 0.010 0.092 (1) | 0.010 | 7722301
Acenaphthylene mg/kg| <0.0050 (1){0.0050 <0.0050 (1) |0.0050| 7722301
Acenaphthene mg/kg 0.0080 (1) { 0.0050 <0.0081 (2) |0.0081| 7722301
Fluorene mg/kg| <0.010(1) | 0.010 <0.010(1) | 0.010 | 7722301
Phenanthrene mg/kg 0.024 (1) | 0.010 0.023 (1) 0.010 | 7722301
Anthracene mg/kg| <0.010(1) [ 0.010 <0.010(1) | 0.010 | 7722301
Fluoranthene mg/kg 0.020 (1) | 0.010 <0.010(1) | 0.010 | 7722301
Pyrene mg/kg 0.021 (1) | 0.010 <0.010(1) | 0.010 [ 7722301
Benzo(a)anthracene mg/kg| <0.010(1) | 0.010 <0.010 (1) | 0.010 | 7722301
Chrysene mg/kg| <0.010 (1) | 0.010 <0.010 (1) | 0.010 | 7722301
Benzo(b)fluoranthene mg/kg| <0.010 (1) | 0.010 <0.010 (1) | 0.010 | 7722301
Benzo(b&j)fluoranthene mg/kg| <0.010 (1) | 0.010 <0.010 (1) | 0.010 | 7722301
Benzo(k)fluoranthene mg/kg| <0.010 (1) | 0.010 <0.010 (1) | 0.010 | 7722301
Benzo(a)pyrene mg/kg <0.010(1) | 0.010 <0.010 (1) | 0.010 | 7722301
Indeno(1,2,3-cd)pyrene mg/kg <0.020 (1) | 0.020 <0.020 (1) | 0.020 | 7722301
Dibenz(a,h)anthracene mg/kg| <0.0050 (1)| 0.0050 <0.0050 (1) |0.0050( 7722301
Benzo(g,h,i)perylene mg/kg| <0.020 (1) [ 0.020 <0.020 (1) | 0.020 | 7722301
Low Molecular Weight PAH's mg/kg 0.12 0.010 0.18 0.010 | 7713593
High Molecular Weight PAH’s mg/kg 0.041 0.010 <0.010 0.010 | 7713593
Total PAH mg/kg 0.17 0.010 0.18 0.010 | 7713593
Surrogate Recovery (%)
D10-ANTHRACENE (sur.) % 99 91 7722301
D8-ACENAPHTHYLENE (sur.) % 72 66 7722301
D8-NAPHTHALENE (sur.) % 72 71 7722301
TERPHENYL-D14 (sur.) % 87 84 7722301
RDL = Reportable Detection Limit
(1) Detection limits raised due to dilution as a result of sample matrix inteference.
(2) RDL raised due to sample matrix interference.
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Maxxam Job #: B4A2450 Tetra Tech EBA

Report Date: 2014/11/18 Client Project #: ENVIN003511-01.004
Site Location:  PORT DRIVE
Sampler Initials: SW

GENERAL COMMENTS

Each temperature is the average of up to three cooler temperatures taken at receipt

Package 1 4.7°C

Results relate only to the items tested.
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QUALITY ASSURANCE REPORT

Tetra Tech EBA

Client Project #: ENVIN003511-01.004

Site Location:

PORT DRIVE

Sampler Initials: SW

Matrix Spike Spiked Blank Method Blank RPD

QC Batch Parameter Date % Recovery [ QCLimits | % Recovery | QC Limits Value Units Value (%) QC Limits
7722301 D10-ANTHRACENE (sur.) 2014/11/18 117 60 - 130 79 60 - 130 83 %

7722301 D8-ACENAPHTHYLENE (sur.) 2014/11/18 88 50-130 75 50-130 79 %

7722301 D8-NAPHTHALENE (sur.) 2014/11/18 137 (1) 50-130 74 50-130 78 %

7722301 TERPHENYL-D14 (sur.) 2014/11/18 127 60 - 130 83 60 - 130 86 %

7714474 Moisture 2014/11/13 <0.30 % 4.3 20
7722301 2-Methylnaphthalene 2014/11/18 NC 40 - 130 77 40-130 <0.0010 mg/kg 1.6 (2) 50
7722301 Acenaphthene 2014/11/18 NC 40-130 79 40-130 <0.00050 mg/kg 0.43 (2) 50
7722301 Acenaphthylene 2014/11/18 82 40 - 130 74 40-130 <0.00050 mg/kg 9.3(2) 50
7722301 Anthracene 2014/11/18 NC 40-130 81 40-130 <0.0010 mg/kg 3.8(2) 50
7722301 Benzo(a)anthracene 2014/11/18 NC 40 - 130 76 40-130 <0.0010 mg/kg 15 (2) 50
7722301 Benzo(a)pyrene 2014/11/18 93 40-130 77 40 - 130 <0.0010 mg/kg 28 (2) 50
7722301 Benzo(b&j)fluoranthene 2014/11/18 NC 40-130 82 40-130 <0.0010 mg/kg 18 (2) 50
7722301 Benzo(b)fluoranthene 2014/11/18 109 N/A <0.0010 mg/kg 15 (2) 50
7722301 Benzo(g,h,i)perylene 2014/11/18 70 40 - 130 80 40-130 <0.0020 mg/kg NC (2) 50
7722301 Benzo(k)fluoranthene 2014/11/18 87 40-130 76 40-130 <0.0010 mg/kg 22 (2) 50
7722301 Chrysene 2014/11/18 NC 40 - 130 79 40-130 <0.0010 mg/kg 16 (2) 50
7722301 Dibenz(a,h)anthracene 2014/11/18 87 40 - 130 69 40-130 <0.00050 mg/kg NC (2) 50
7722301 Fluoranthene 2014/11/18 NC 40-130 81 40-130 <0.0010 mg/kg 12 (2) 50
7722301 Fluorene 2014/11/18 NC 40-130 75 40 - 130 <0.0010 mg/kg 5.3(2) 50
7722301 Indeno(1,2,3-cd)pyrene 2014/11/18 75 40-130 76 40-130 <0.0020 mg/kg NC (2) 50
7722301 Naphthalene 2014/11/18 NC 40-130 73 40-130 <0.0010 mg/kg 1.3(2) 50
7722301 Phenanthrene 2014/11/18 NC 40 - 130 77 40-130 <0.0010 mg/kg 21(2) 50
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Maxxam Job #: B4A2450
Report Date: 2014/11/18

QUALITY ASSURANCE REPORT(CONT'D)

Tetra Tech EBA
Client Project #: ENVIN003511-01.004

Site Location:
Sampler Initials: SW

PORT DRIVE

Matrix Spike Spiked Blank Method Blank RPD
QC Batch Parameter Date % Recovery [ QCLimits | % Recovery | QC Limits Value Units Value (%) QC Limits
7722301 Pyrene 2014/11/18 NC 40-130 82 40-130 <0.0010 mg/kg 18 (2) 50

Duplicate: Paired analysis of a separate portion of the same sample. Used to evaluate the variance in the measurement.

Matrix Spike: A sample to which a known amount of the analyte of interest has been added. Used to evaluate sample matrix interference.

Spiked Blank: A blank matrix sample to which a known amount of the analyte, usually from a second source, has been added. Used to evaluate method accuracy.

Method Blank: A blank matrix containing all reagents used in the analytical procedure. Used to identify laboratory contamination.

Surrogate: A pure or isotopically labeled compound whose behavior mirrors the analytes of interest. Used to evaluate extraction efficiency.

NC (Matrix Spike): The recovery in the matrix spike was not calculated. The relative difference between the concentration in the parent sample and the spiked amount was too small to permit a reliable
recovery calculation (matrix spike concentration was less than 2x that of the native sample concentration).

NC (Duplicate RPD): The duplicate RPD was not calculated. The concentration in the sample and/or duplicate was too low to permit a reliable RPD calculation (one or both samples < 5x RDL).

(1) Recovery or RPD for this parameter is outside control limits. The overall quality control for this analysis meets acceptability criteria.

(2) Detection limits raised due to dilution as a result of sample matrix inteference.
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Report Date: 2014/11/18 Client Project #: ENVIN003511-01.004
Site Location:  PORT DRIVE
Sampler Initials: SW

VALIDATION SIGNATURE PAGE

The analytical data and all QC contained in this report were reviewed and validated by the following individual(s).

Rob Reinert, Data Validation Coordinator

Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC
17025:2005(E), signing the reports. For Service Group specific validation please refer to the Validation Signature Page.
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Your Project #: ENVIND03511-02
Site Location:  CITY OF NANAIMO, 1 PORT DRIVE NANAIMO
Your C.O.C. #: GO79957

Attention:KRISTY GABELHOUSE

TETRA TECH EBA

#1 - 4376 Boban Drive
Nanaimo, BC

CANADA VIT 6A7

Report Date: 2015/07/10
Report #: R1994901
Version: 2 - Revision

CERTIFICATE OF ANALYSIS — REVISED REPORT

MAXXAM JOB #: B542802
Received: 2015/05/23, 10:15

Sample Matrix: Sediment
# Samples Received: 4

Date Date
Analyses Quantity Extracted Analyzed Laboratory Method Analytical Method
Ecotox Report Attachment 1 2015/07/10 2015/07/10
Ecotox Report Attachment 1 2015/07/10 2015/07/10
Elements by ICPMS (total) 3 2015/05/28 2015/05/28 BBY7SOP-00001 EPA 60202 R1 m
Moisture 4 N/A 2015/05/26 BBY8SOP-00017 OMOE E31393.1m
PAH in Soil by GC/MS (SIM) 4 2015/05/25 2015/05/28 BBY8SOP-00022 EPA 8270d R4 m
Total LMW, HMW, Total PAH Calc 1 N/A 2015/05/28 BBY WI-00033 Auto Calc
Total LMW, HMW, Total PAH Calc 3 N/A 2015/05/29 BBY WI-00033 Auto Calc
pH (2:1 DI Water Extract) 3 2015/05/28 2015/05/28 BBY6SOP-00028 BCMOE BCLM Mar2005 m
Texture Class 4 N/A 2015/05/29 Calc
Texture by Hydrometer (Sand, Silt, Clay) 4 N/A 2015/05/29 BBY6SOP-00051 Carter 2nd ed 55.3
TOC Soil Subcontract (1) 4 2015/06/01 2015/06/01

“pon

Reference Method suffix “m” indicates test methods incorporate validated modifications from specific reference methods to improve performance.
* RPDs calculated using raw data. The rounding of final results may result in the apparent difference.
(1) This test was performed by Maxxam Ontario (From Burnaby)

Encryption Key

Please direct all questions regarding this Certificate of Analysis to your Project Manager.
Tabitha Rudkin, AScT, Burnaby Project Manager

Email: TRudkin@maxxam.ca

Phonett (604)638-2639

Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC 17025:2005(E),
signing the reports. For Service Group specific validation please refer to the Validation Signature Page.

Total Cover Pages : 1
Page 1 of 11

Maxxam Analytics International Corporation o/a Maxxam Analytics Burnaby: 4606 Canada Way V5G 1K5 Telephone(604) 734-7276 Fax(604) 731-2386
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Maxxam Job #: B542802
Report Date: 2015/07/10

TETRA TECH EBA
Client Project #: ENVIND03511-02
Site Location:  CITY OF NANAIMO, 1 PORT DRIVE NANAIMO

Sampler Initials: SW

RESULTS OF CHEMICAL ANALYSES OF SEDIMENT

Maxxam Analytics International Corporation o/a Maxxam Analytics Burnaby: 4606 Canada Way V5G 1K5 Telephone(604) 734-7276 Fax(604) 731-2386

Maxxam ID MH4918 MH4919 MH4920 MH4921
Sampling Date 2015/05/22 2015/05/22 2015/05/22 2015/05/22
COC Number G079957 G079957 G079957 G079957

Units 15 SED 01 15 SED 10 15SED 11 15 SED 12 RDL| QC Batch
Parameter
Subcontract Parameter | N/A|  ATTACHED | ATTACHED | ATTACHED | ATTACHED [N/A| 7919366
Ecotox
No Parameter [ N/A ] | | ATTACHED | [N/A] 7963155
Physical Properties
Texture N/A LOAMY SAND SAND SAND SAND N/A| 7912854
% sand by hydrometer % 83 90 96 96 2.0| 7915180
% silt by hydrometer % 13 8.0 4.1 4.1 2.0 [ 7915180
Clay Content % 3.4 <2.0 <2.0 <2.0 2.0 [ 7915180
RDL = Reportable Detection Limit
N/A = Not Applicable
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Maxxam Job #: B542802
Report Date: 2015/07/10

TETRA TECH EBA
Client Project #: ENVIND03511-02

Site Location:

Sampler Initials: SW

PHYSICAL TESTING (SEDIMENT)

CITY OF NANAIMO, 1 PORT DRIVE NANAIMO

Maxxam ID MH4918 MH4919 MH4920 MH4921
Sampling Date 2015/05/22 | 2015/05/22| 2015/05/22 | 2015/05/22
COC Number G079957 | GO079957 | G079957 G079957

Units| 15SEDO1 | 15SED10 | 15SED 11 | 15SED 12 | RDL | QC Batch
Physical Properties
Moisture | » | 35 22 12 22 [030] 7912253
RDL = Reportable Detection Limit

Page 3 of 11
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Maxxam Job #: B542802
Report Date: 2015/07/10

TETRA TECH EBA
Client Project #: ENVIND03511-02
Site Location:  CITY OF NANAIMO, 1 PORT DRIVE NANAIMO

Sampler Initials: SW

CSR/CCME METALS IN SOIL (SEDIMENT)

Maxxam ID MH4919 MH4920 MH4921
Sampling Date 2015/05/22|2015/05/22| 2015/05/22
COC Number G079957 G079957 G079957

Units [ 15SED 10 | 15SED 11 | 15SED 12 | RDL | QC Batch
Physical Properties
Soluble (2:1) pH | o | 627 8.49 732 | N/A | 7915204
Total Metals by ICPMS
Total Aluminum (Al) mg/kg( 13000 8630 5480 100 | 7915273
Total Antimony (Sb) mg/kg 0.26 0.13 0.11 0.10 | 7915273
Total Arsenic (As) mg/kg 9.48 5.12 2.53 0.50 | 7915273
Total Barium (Ba) mg/kg 142 14.1 17.7 0.10 | 7915273
Total Beryllium (Be) mg/kg <0.40 <0.40 <0.40 0.40 | 7915273
Total Bismuth (Bi) mg/kg 0.13 <0.10 <0.10 0.10 | 7915273
Total Cadmium (Cd) mg/kg 0.208 0.366 0.284 0.050| 7915273
Total Calcium (Ca) mg/kg| 35700 31000 4180 100 | 7915273
Total Chromium (Cr) mg/kg 44.1 15.7 115 1.0 | 7915273
Total Cobalt (Co) mg/kg 8.58 6.33 3.41 0.30 | 7915273
Total Copper (Cu) mg/kg 63.2 16.8 7.06 0.50 | 7915273
Total Iron (Fe) mg/kg 19500 15300 7840 100 | 7915273
Total Lead (Pb) mg/kg 7.49 3.87 3.19 0.10 | 7915273
Total Lithium (Li) mg/kg 23.9 8.5 5.7 5.0 | 7915273
Total Magnesium (Mg) mg/kg 10200 5570 3010 100 | 7915273
Total Manganese (Mn) mg/kg 274 184 119 0.20 | 7915273
Total Mercury (Hg) mg/kg|  0.127 <0.050 <0.050 |0.050( 7915273
Total Molybdenum (Mo) mg/kg 1.04 0.62 0.41 0.10 | 7915273
Total Nickel (Ni) mg/kg|  66.6 15.5 12.4 0.80 | 7915273
Total Phosphorus (P) mg/kg 581 463 342 10 | 7915273
Total Potassium (K) mg/kg 1300 566 444 100 | 7915273
Total Selenium (Se) mg/kg 0.66 <0.50 <0.50 0.50 | 7915273
Total Silver (Ag) mg/kg 0.103 <0.050 <0.050 0.050| 7915273
Total Sodium (Na) mg/kg 2880 2700 1840 100 | 7915273
Total Strontium (Sr) mg/kg 334 210 16.3 0.10 | 7915273
Total Thallium (TI) mg/kg 0.098 0.325 0.161 0.050( 7915273
Total Tin (Sn) mg/kg 0.49 0.41 0.29 0.10 | 7915273
Total Titanium (Ti) mg/kg 80.4 1170 741 1.0 | 7915273
Total Uranium (U) mg/kg 0.398 0.394 0.411 0.050| 7915273
Total Vanadium (V) mg/kg 47.4 44.2 25.5 2.0 | 7915273
Total Zinc (Zn) mg/kg 54.5 37.6 20.0 1.0 | 7915273
Total Zirconium (Zr) mg/kg 2.63 5.57 3.18 0.50 | 7915273
RDL = Reportable Detection Limit
N/A = Not Applicable
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Maxxam Analytics International Corporation o/a Maxxam Analytics Burnaby: 4606 Canada Way V5G 1K5 Telephone(604) 734-7276 Fax(604) 731-2386



Ma)()gam

A Bureau Veritas Group Company
T

Maxxam Job #: B542802
Report Date: 2015/07/10

TETRA TECH EBA
Client Project #: ENVIND03511-02

Site Location:

CITY OF NANAIMO, 1 PORT DRIVE NANAIMO

Sampler Initials: SW

CSR PAH IN SOIL BY GC-MS (SEDIMENT)

Maxxam ID MH4918 MH4919 MH4919 MH4920 MH4921
Sampling Date 2015/05/22 2015/05/22 2015/05/22 2015/05/22 | 2015/05/22
COC Number G079957 G079957 G079957 G079957 G079957

Units | 15SEDO1 | RDL | 15SED 10 | RDL lfaﬁgul: RDL | 15SED 11 | 15SED 12 | RDL | QC Batch
Polycyclic Aromatics
Naphthalene mg/kg 0.75 0.050 4.0(1) |0.050 2.3(2) |0.050( <0.050 <0.050 [0.050| 7915357
2-Methylnaphthalene mg/kg|  0.90 0.050 6.6 0.050 5.0 0.050| <0.050 <0.050 |0.050| 7915357
Acenaphthylene mg/kg| <0.050 [0.050| <0.050 |0.050| <0.050 |0.050| <0.050 <0.050 |0.050| 7915357
Acenaphthene mg/kg 0.33 0.050 <0.43(3)| 0.43 <0.52(3) | 0.52 <0.050 <0.050 0.050| 7915357
Fluorene mg/kg 0.28 0.050 0.26 0.050 0.31 0.050 <0.050 <0.050 0.050| 7915357
Phenanthrene mg/kg 0.77 0.050 14 0.050 13 0.050 <0.050 <0.050 0.050| 7915357
Anthracene mg/kg 0.27 0.050 0.29 0.050 0.37 0.050 <0.050 <0.050 0.050| 7915357
Fluoranthene mg/kg 1.5 0.050 0.14 0.050 0.18 0.050| <0.050 <0.050 [0.050| 7915357
Pyrene mg/kg 1.0 0.050 0.17 0.050 0.24 0.050| <0.050 <0.050 [0.050| 7915357
Benzo(a)anthracene mg/kg 0.38 0.050 0.14 (4) (0.050 0.17 0.050| <0.050 <0.050 [0.050| 7915357
Chrysene mg/kg 0.42 0.050 0.14 (4) (0.050 0.17 0.050| <0.050 <0.050 [0.050| 7915357
Benzo(b&j)fluoranthene mg/kg 0.33 0.050 0.067 (4) [0.050 0.090 0.050 <0.050 <0.050 0.050| 7915357
Benzo(b)fluoranthene mg/kg 0.21 0.050( <0.050 (4)(0.050 0.060 0.050 <0.050 <0.050 0.050| 7915357
Benzo(k)fluoranthene mg/kg 0.10 0.050| <0.050 (4)[0.050 <0.050 [0.050| <0.050 <0.050 |0.050| 7915357
Benzo(a)pyrene mg/kg 0.17 0.050 0.051 (4) [0.050 0.066 0.050 <0.050 <0.050 0.050| 7915357
Indeno(1,2,3-cd)pyrene mg/kg| <0.050 |[0.050( <0.050(4)[0.050( <0.050 [0.050| <0.050 <0.050 [0.050| 7915357
Dibenz(a,h)anthracene mg/kg| <0.050 |0.050| <0.050(4)|0.050| <0.050 |0.050| <0.050 <0.050 |0.050| 7915357
Benzo(g,h,i)perylene mg/kg| <0.050 |[0.050( <0.050(4)[0.050( <0.050 [0.050| <0.050 <0.050 [0.050| 7915357
Low Molecular Weight PAH's [ mg/kg 3.3 0.050 13 0.43 <0.050 <0.050 [0.050| 7911437
High Molecular Weight PAH's [ mg/kg 3.5 0.050 0.65 0.050 <0.050 <0.050 0.050| 7911437
Total PAH mg/kg 6.8 0.050 13 0.43 <0.050 <0.050 0.050| 7911437
Surrogate Recovery (%)
D10-ANTHRACENE (sur.) % 79 70 67 82 87 7915357
D8-ACENAPHTHYLENE (sur.) % 79 58 58 83 86 7915357
D8-NAPHTHALENE (sur.) % 82 75 73 82 88 7915357
TERPHENYL-D14 (sur.) % 80 73 71 84 90 7915357
RDL = Reportable Detection Limit
Lab-Dup = Laboratory Initiated Duplicate
(1) Duplicate RPD above control limit - Insufficient sample - Increased variability of results
(2) Recovery or RPD for this parameter is outside control limits. The overall quality control for this analysis meets acceptability criteria.
(3) Detection limits raised due to matrix interference.
(4) Matrix spike recovery below control limit - Insufficient sample - Pot. low bias

Page 5 of 11
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Maxxam Job #: B542802 TETRA TECH EBA

Report Date: 2015/07/10 Client Project #: ENVIND03511-02
Site Location:  CITY OF NANAIMO, 1 PORT DRIVE NANAIMO
Sampler Initials: SW

GENERAL COMMENTS

Each temperature is the average of up to three cooler temperatures taken at receipt

Package 1 3.7°C
Package 2 6.3°C
Package 3 4.0°C
Package 4 5.0°C

Results relate only to the items tested.

Page 6 of 11
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Maxxam Job #: B542802
Report Date: 2015/07/10

QUALITY ASSURANCE REPORT

TETRA TECH EBA
Client Project #: ENVIND03511-02

CITY OF NANAIMO, 1 PORT DRIVE NANAIMO
Sampler Initials: SW

Site Location:

Matrix Spike Spiked Blank Method Blank RPD QC Standard
QC Batch | Parameter Date % Recovery | QC Limits | % Recovery | QC Limits Value Units Value (%) | QC Limits |% Recovery| QC Limits
7915357 | D10-ANTHRACENE (sur.) 2015/05/28 70 60 - 130 86 60 - 130 86 %
7915357 D8-ACENAPHTHYLENE (sur.) 2015/05/28 65 50-130 89 50-130 90 %
7915357 D8-NAPHTHALENE (sur.) 2015/05/28 76 50-130 83 50-130 90 %
7915357 | TERPHENYL-D14 (sur.) 2015/05/28 73 60 - 130 91 60 - 130 91 %
7912253 Moisture 2015/05/26 <0.30 % 23 20
7915180 | % sand by hydrometer 2015/05/29 0.14 35 98 N/A
7915180 | % silt by hydrometer 2015/05/29 0.39 35
7915180 | Clay Content 2015/05/29 NC 35
7915273 | Total Aluminum (Al) 2015/05/28 <100 mg/kg 105 70-130
7915273 | Total Antimony (Sb) 2015/05/28 95 75-125 97 75-125 <0.10 mg/kg 105 70-130
7915273 | Total Arsenic (As) 2015/05/28 99 75-125 100 75-125 <0.50 mg/kg 99 70-130
7915273 | Total Barium (Ba) 2015/05/28 NC 75-125 103 75 -125 <0.10 mg/kg 5.1 35 105 70-130
7915273 | Total Beryllium (Be) 2015/05/28 112 75-125 105 75 -125 <0.40 mg/kg
7915273 | Total Bismuth (Bi) 2015/05/28 <0.10 mg/kg
7915273 | Total Cadmium (Cd) 2015/05/28 106 75-125 107 75 -125 <0.050 mg/kg 104 70-130
7915273 | Total Calcium (Ca) 2015/05/28 <100 mg/kg 101 70-130
7915273 | Total Chromium (Cr) 2015/05/28 107 75-125 107 75-125 <1.0 mg/kg 112 70-130
7915273 | Total Cobalt (Co) 2015/05/28 106 75-125 106 75-125 <0.30 mg/kg 97 70 - 130
7915273 | Total Copper (Cu) 2015/05/28 108 75-125 101 75-125 <0.50 mg/kg 101 70-130
7915273 | Total Iron (Fe) 2015/05/28 <100 mg/kg 103 70-130
7915273 | Total Lead (Pb) 2015/05/28 98 75-125 106 75 -125 <0.10 mg/kg 102 70-130
7915273 | Total Lithium (Li) 2015/05/28 109 75-125 107 75 -125 <5.0 mg/kg
7915273 | Total Magnesium (Mg) 2015/05/28 <100 mg/kg 99 70-130
7915273 | Total Manganese (Mn) 2015/05/28 NC 75-125 110 75-125 <0.20 mg/kg 99 70-130
7915273 | Total Mercury (Hg) 2015/05/28 104 75-125 99 75-125 <0.050 mg/kg 80 70-130
7915273 | Total Molybdenum (Mo) 2015/05/28 104 75-125 98 75-125 <0.10 mg/kg 116 70-130
7915273 | Total Nickel (Ni) 2015/05/28 105 75-125 104 75-125 <0.80 mg/kg 104 70 - 130
7915273 | Total Phosphorus (P) 2015/05/28 <10 mg/kg 95 70-130
7915273 | Total Potassium (K) 2015/05/28 <100 mg/kg
7915273 | Total Selenium (Se) 2015/05/28 100 75-125 102 75 -125 <0.50 mg/kg
7915273 | Total Silver (Ag) 2015/05/28 98 75-125 100 75 -125 <0.050 mg/kg 95 60 - 140
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Maxxam Job #: B542802
Report Date: 2015/07/10

QUALITY ASSURANCE REPORT(CONT'D)

TETRA TECH EBA
Client Project #: ENVIND03511-02

CITY OF NANAIMO, 1 PORT DRIVE NANAIMO
Sampler Initials: SW

Site Location:

Matrix Spike Spiked Blank Method Blank RPD QC Standard
QC Batch | Parameter Date % Recovery | QC Limits | % Recovery | QC Limits Value Units Value (%) | QC Limits |% Recovery| QC Limits
7915273 | Total Sodium (Na) 2015/05/28 <100 mg/kg
7915273 | Total Strontium (Sr) 2015/05/28 NC 75-125 99 75-125 <0.10 mg/kg 100 70-130
7915273 | Total Thallium (TI) 2015/05/28 102 75-125 103 75-125 <0.050 mg/kg 93 70-130
7915273 | Total Tin (Sn) 2015/05/28 94 75-125 92 75 -125 <0.10 mg/kg 0.97 35
7915273 | Total Titanium (Ti) 2015/05/28 NC 75-125 102 75 -125 <1.0 mg/kg 113 70-130
7915273 | Total Uranium (U) 2015/05/28 104 75-125 102 75 -125 <0.050 mg/kg 115 70-130
7915273 | Total Vanadium (V) 2015/05/28 NC 75-125 105 75 - 125 <2.0 mg/kg 111 70-130
7915273 | Total Zinc (Zn) 2015/05/28 NC 75-125 104 75 -125 <1.0 mg/kg 97 70-130
7915273 | Total Zirconium (Zr) 2015/05/28 <0.50 mg/kg
7915294 | Soluble (2:1) pH 2015/05/28 101 97 -103 0.12 N/A
7915357 | 2-Methylnaphthalene 2015/05/28 NC 50-130 78 50-130 <0.050 mg/kg 28 50
7915357 | Acenaphthene 2015/05/28 77 50-130 88 50-130 <0.050 mg/kg NC (2) 50
7915357 | Acenaphthylene 2015/05/28 63 50-130 85 50-130 <0.050 mg/kg NC 50
7915357 | Anthracene 2015/05/28 66 60 - 130 85 60 - 130 <0.050 mg/kg 25 50
7915357 | Benzo(a)anthracene 2015/05/28 59 (1) 60 - 130 87 60 - 130 <0.050 mg/kg NC 50
7915357 | Benzo(a)pyrene 2015/05/28 47 (1) 60 - 130 91 60 - 130 <0.050 mg/kg NC 50
7915357 | Benzo(b&j)fluoranthene 2015/05/28 52 (1) 60 - 130 90 60 -130 <0.050 mg/kg NC 50
7915357 | Benzo(b)fluoranthene 2015/05/28 52 (1) 60 - 130 90 60-130 <0.050 mg/kg NC 50
7915357 | Benzo(g,h,i)perylene 2015/05/28 32 (1) 60 - 130 73 60-130 <0.050 mg/kg NC 50
7915357 | Benzo(k)fluoranthene 2015/05/28 49 (1) 60 - 130 87 60 -130 <0.050 mg/kg NC 50
7915357 | Chrysene 2015/05/28 56 (1) 60 - 130 91 60 - 130 <0.050 mg/kg NC 50
7915357 | Dibenz(a,h)anthracene 2015/05/28 45 (1) 60 - 130 73 60 - 130 <0.050 mg/kg NC 50
7915357 Fluoranthene 2015/05/28 63 60 - 130 87 60 - 130 <0.050 mg/kg NC 50
7915357 | Fluorene 2015/05/28 72 50-130 87 50-130 <0.050 mg/kg 20 50
7915357 | Indeno(1,2,3-cd)pyrene 2015/05/28 37 (1) 60 - 130 75 60 - 130 <0.050 mg/kg NC 50
7915357 | Naphthalene 2015/05/28 NC 50-130 78 50-130 <0.050 mg/kg 54 (1) 50
7915357 | Phenanthrene 2015/05/28 NC 60 - 130 84 60 - 130 <0.050 mg/kg 0.95 50
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TETRA TECH EBA
Client Project #: ENVIND03511-02

Site Location:  CITY OF NANAIMO, 1 PORT DRIVE NANAIMO
Sampler Initials: SW

Maxxam Job #: B542802 QUALITY ASSURANCE REPORT(CONT'D)
Report Date: 2015/07/10

Matrix Spike Spiked Blank Method Blank RPD QC Standard
QC Batch | Parameter Date % Recovery | QC Limits | % Recovery | QC Limits Value Units Value (%) | QC Limits |% Recovery| QC Limits
7915357 | Pyrene 2015/05/28 60 60 - 130 82 60-130 <0.050 mg/kg NC 50

N/A = Not Applicable

Duplicate: Paired analysis of a separate portion of the same sample. Used to evaluate the variance in the measurement.

Matrix Spike: A sample to which a known amount of the analyte of interest has been added. Used to evaluate sample matrix interference.

QC Standard: A sample of known concentration prepared by an external agency under stringent conditions. Used as an independent check of method accuracy.
Spiked Blank: A blank matrix sample to which a known amount of the analyte, usually from a second source, has been added. Used to evaluate method accuracy.
Method Blank: A blank matrix containing all reagents used in the analytical procedure. Used to identify laboratory contamination.

Surrogate: A pure or isotopically labeled compound whose behavior mirrors the analytes of interest. Used to evaluate extraction efficiency.

NC (Matrix Spike): The recovery in the matrix spike was not calculated. The relative difference between the concentration in the parent sample and the spiked amount was too small to permit a reliable
recovery calculation (matrix spike concentration was less than 2x that of the native sample concentration).

NC (Duplicate RPD): The duplicate RPD was not calculated. The concentration in the sample and/or duplicate was too low to permit a reliable RPD calculation (one or both samples < 5x RDL).
(1) Recovery or RPD for this parameter is outside control limits. The overall quality control for this analysis meets acceptability criteria.

(2) Detection limits raised due to matrix interference.
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Maxxam Analytics International Corporation o/a Maxxam Analytics Burnaby: 4606 Canada Way V5G 1K5 Telephone(604) 734-7276 Fax(604) 731-2386




I\/Ia)()(am

A Bureau Verllas Group Company

Maxxam Job #: B542802 TETRA TECH EBA

Report Date: 2015/07/10 Client Project #: ENVIND03511-02
Site Location:  CITY OF NANAIMO, 1 PORT DRIVE NANAIMO
Sampler Initials: SW

VALIDATION SIGNATURE PAGE

The analytical data and all QC contained in this report were reviewed and validated by the following individual(s).

TN
Rob Reinert, Data Validation Coordinator

Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC
17025:2005(E), signing the reports. For Service Group specific validation please refer to the Validation Signature Page.
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A Bureau Verllas Group Company

Your Project #: B542802
Your C.O0.C. #: na

Attention:Tabitha Rudkin

Maxxam Analytics
4606 Canada Way
Burnaby, BC

V5G 1K5

Report Date: 2015/06/01
Report #: R3449201
Version: 1 - Final

CERTIFICATE OF ANALYSIS

MAXXAM JOB #: B599498
Received: 2015/05/27, 09:00

Sample Matrix: SEDIMENT
# Samples Received: 4

Date Date
Analyses Quantity Extracted Analyzed Laboratory Method Reference
Total Organic Carbon in Soil 4 N/A 2015/06/01 CAM SOP-00468 LECO 203-601-224
Reference Method suffix “m” indicates test methods incorporate validated modifications from specific reference methods to improve performance.

* RPDs calculated using raw data. The rounding of final results may result in the apparent difference.

Encryption Key

Please direct all questions regarding this Certificate of Analysis to your Project Manager.
Marijane Cruz, Senior Project Manager

Email: MCruz@maxxam.ca

Phonet (905)817-5756

Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC 17025:2005(E),
signing the reports. For Service Group specific validation please refer to the Validation Signature Page.

Total Cover Pages : 1
Page 1 of 5

Maxxam Analytics International Corporation o/a Maxxam Analytics 6740 Campobello Road, Mississauga, Ontario, L5N 2L8 Tel: (905) 817-5700 Toll-Free: 800-563-6266 Fax: (905) 817-5777 www.maxxam.ca
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A Bureau Verllas Group Company

Maxxam Job #: B599498
Report Date: 2015/06/01

Maxxam Analytics

Client Project #: B542802

RESULTS OF ANALYSES OF SEDIMENT

Maxxam ID AlO535 AlO536 AlO537 AlO538
Sampling Date 2015/05/22 2015/05/22 2015/05/22 2015/05/22
COC Number na na na na

Units MH491!(3)]\. 15 SED MH491i(} 15 SED MH492(]).]\. 15 SED MH49212\ 15 SED RDL| MDL| Qc Batch
Inorganics
Total Organic Carbon | mg/ke] 24000 110000 | 4900 | 2700 | 500 100 | 4043137
RDL = Reportable Detection Limit
QC Batch = Quality Control Batch

Page 2 of 5
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A Bureau Verllas Group Company

Maxxam Job #: B599498 Maxxam Analytics
Report Date: 2015/06/01 Client Project #: B542802

GENERAL COMMENTS

Each temperature is the average of up to three cooler temperatures taken at receipt

Package 1 5.7°C

Results relate only to the items tested.
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A Bureau Verllas Group Company

Maxxam Job #: B599498
Report Date: 2015/06/01

QUALITY ASSURANCE REPORT

Maxxam Analytics

Client Project #: B542802

Method Blank RPD QC Standard
QC Batch Parameter Date Value Units Value (%) QC Limits % Recovery QC Limits
4043137 Total Organic Carbon 2015/06/01 <500 mg/kg 33 35 99 75-125

Duplicate: Paired analysis of a separate portion of the same sample. Used to evaluate the variance in the measurement.

QC Standard: A sample of known concentration prepared by an external agency under stringent conditions. Used as an independent check of method accuracy.

Method Blank: A blank matrix containing all reagents used in the analytical procedure. Used to identify laboratory contamination.

Maxxam Analytics International Corporation o/a Maxxam Analytics 6740 Campobello Road, Mississauga, Ontario, L5N 2L8 Tel: (905) 817-5700 Toll-Free: 800-563-6266 Fax: (905) 817-5777 www.maxxam.ca
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A Bureau Verllas Group Company

Maxxam Job #: B599498 Maxxam Analytics
Report Date: 2015/06/01 Client Project #: B542802

VALIDATION SIGNATURE PAGE

The analytical data and all QC contained in this report were reviewed and validated by the following individual(s).

=

Brad Newman, Scientific Specialist

Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC
17025:2005(E), signing the reports. For Service Group specific validation please refer to the Validation Signature Page.
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A Bureau Verllas Group Company

Your Project #: ENVIND03511-02
Your C.O.C. #: G089222

Attention:KRISTY GABELHOUSE

TETRA TECH EBA

#1 - 4376 Boban Drive
Nanaimo, BC

CANADA VIT 6A7

Report Date: 2015/06/02
Report #: R1969276
Version: 1 - Final

CERTIFICATE OF ANALYSIS

MAXXAM JOB #: B542517
Received: 2015/05/22, 13:50

Sample Matrix: Sediment
# Samples Received: 8

Date Date
Analyses Quantity Extracted Analyzed Laboratory Method Analytical Method
Moisture 8 N/A 2015/05/27 BBY8SOP-00017 OMOE E31393.1m
Benzo[a]pyrene Equivalency 8 N/A 2015/05/29 BBY WI-00033 Auto Calc
PAH in Soil by GC/MS Lowlevel (Extended) 8 2015/05/26 2015/05/29 BBY8SOP-00022 EPA 8270d R4 m
Total LMW, HMW, Total PAH Calc 8 N/A 2015/05/29 BBY WI-00033 Auto Calc
Texture Class 8 N/A 2015/05/29 Calc
Texture by Hydrometer (Sand, Silt, Clay) 8 N/A 2015/05/29 BBY6SOP-00051 Carter 2nd ed 55.3
TOC Soil Subcontract (1) 8 2015/06/02 2015/06/02

“pon

Reference Method suffix “m” indicates test methods incorporate validated modifications from specific reference methods to improve performance.
* RPDs calculated using raw data. The rounding of final results may result in the apparent difference.

(1) This test was performed by Maxxam Ontario (From Burnaby)

Encryption Key

Please direct all questions regarding this Certificate of Analysis to your Project Manager.
Tabitha Rudkin, AScT, Burnaby Project Manager

Email: TRudkin@maxxam.ca

Phonett (604)638-2639

This report has been generated and distributed using a secure automated process.
Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC 17025:2005(E),
signing the reports. For Service Group specific validation please refer to the Validation Signature Page.

Total Cover Pages : 1
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A Bureau Veritas Group Company
T

Maxxam Job #: B542517
Report Date: 2015/06/02

TETRA TECH EBA
Client Project #: ENVIND03511-02

RESULTS OF CHEMICAL ANALYSES OF SEDIMENT

Maxxam ID MH3566 MH3567 MH3568 MH3569 MH3570
Sampling Date 2015/05/21 2015/05/21 2015/05/21 2015/05/21 2015/05/21
COC Number G089222 G089222 G089222 G089222 G089222
Units 15SED02 15SEDO3 15SED04 15SEDO5 15SED06 RDL| QC Batch
Parameter
Subcontract Parameter | N/A | ATTACHED ATTACHED ATTACHED ATTACHED ATTACHED  [N/A| 7920667
Physical Properties
Texture N/A LOAMY SAND LOAMY SAND SAND LOAMY SAND LOAMY SAND N/A| 7912854
% sand by hydrometer % 83 80 93 84 76 2.0 | 7915180
% silt by hydrometer % 14 17 5.9 12 21 2.0 [ 7915180
Clay Content % 3.2 3.5 <2.0 3.4 3.9 2.0| 7915180
RDL = Reportable Detection Limit
N/A = Not Applicable
Maxxam ID MH3571 MH3572 MH3572 MH3573
Sampling Date 2015/05/21 2015/05/21 2015/05/21 2015/05/21
COC Number G089222 G089222 G089222 G089222
Units 15SEDO7 15SED08 t::fgg: 15SED09 RDL| QC Batch
Parameter
Subcontract Parameter | N/A|  ATTACHED ATTACHED ATTACHED  [N/A| 7920667
Physical Properties
Texture N/A LOAMY SAND SANDY LOAM LOAMY SAND N/A| 7912854
% sand by hydrometer % 76 71 71 81 2.0 | 7915180
% silt by hydrometer % 20 26 26 17 2.0 | 7915180
Clay Content % 3.7 3.7 3.7 23 2.0 | 7915180
RDL = Reportable Detection Limit
Lab-Dup = Laboratory Initiated Duplicate
N/A = Not Applicable
Page 2 of 10
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A Bureau Veritas Group Company
T

Maxxam Job #: B542517
Report Date: 2015/06/02

TETRA TECH EBA

Client Project #: ENVIND03511-02

PHYSICAL TESTING (SEDIMENT)

Maxxam Analytics International Corporation o/a Maxxam Analytics Burnaby: 4606 Canada Way V5G 1K5 Telephone(604) 734-7276 Fax(604) 731-2386

Maxxam ID MH3566 MH3567 MH3568 MH3569 MH3570 MH3571 MH3572
Sampling Date 2015/05/21|2015/05/21| 2015/05/21 [ 2015/05/21 | 2015/05/21 | 2015/05/21| 2015/05/21
COC Number G089222 | G089222 | G089222 | G089222 | G089222 | G089222 | G089222
Units| 15SED02 15SEDO03 15SED04 15SEDO5 15SED06 15SEDO7 15SEDO8 | RDL | QC Batch
Physical Properties
Moisture | % | a 32 19 38 39 37 43 |030] 7912942
RDL = Reportable Detection Limit
Maxxam ID MH3573
Sampling Date 2015/05/21
COC Number G089222
Units| 15SED09 | RDL|QC Batch
Physical Properties
Moisture | % 34 [030] 7912942
RDL = Reportable Detection Limit
Page 3 of 10
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A Bureau Veritas Group Company
T

Maxxam Job #: B542517
Report Date: 2015/06/02

TETRA TECH EBA
Client Project #: ENVIND03511-02

CCME PAH IN SEDIMENTS BY GC-MS (SEDIMENT)

Maxxam ID MH3566 MH3567 MH3568 MH3569
Sampling Date 2015/05/21 2015/05/21 2015/05/21 2015/05/21
COC Number G089222 G089222 G089222 G089222

Units | 15SEDO02 RDL 15SEDO3 RDL 15SED04 RDL 15SEDO5 RDL |QC Batch
Calculated Parameters
Index of Additive Cancer Risk(IARC) | N/A 12 0.10 68 0.10 1.8 0.10 15 0.10 | 7912848
Benzo[a]pyrene equivalency N/A 0.74 0.10 4.1 0.10 0.11 0.10 0.86 0.10 | 7912848
Polycyclic Aromatics
Naphthalene mg/kg 0.62 0.0010 3.4 (1) 0.020 1.7 (1) 0.010 1.2 0.0010 | 7915376
2-Methylnaphthalene mg/kg 0.73 0.0010 1.0 0.0010 2.3(1) 0.010 2.0(1) 0.010 | 7915376
Acenaphthylene mg/kg 0.077 0.00050 0.16 0.00050| <0.0052 (2)[ 0.0052 0.063 0.00050| 7915376
Acenaphthene mg/kg 0.60 0.00050 1.2 0.00050 0.44 0.00050 0.62 0.00050| 7915376
Fluorene mg/kg 0.50 0.0010 0.94 0.0010 0.34 0.0010 0.58 0.0010 | 7915376
Phenanthrene mg/kg 1.2 0.0010 11 (1) 0.020 0.99 0.0010 1.8 (1) 0.010 | 7915376
Anthracene mg/kg 0.57 0.0010 4.8 (1) 0.020 0.24 0.0010 1.0 0.0010 | 7915376
Fluoranthene mg/kg 3.4(1) 0.010 25 (1) 0.020 1.1 0.0010 3.6(1) 0.010 | 7915376
Pyrene mg/kg 2.4 (1) 0.010 13 (1) 0.020 0.73 0.0010 3.4 (1) 0.010 | 7915376
Benzo(a)anthracene mg/kg 0.91 0.0010 6.1 (1) 0.020 0.16 0.0010 0.93 0.0010 | 7915376
Chrysene mg/kg 1.1 0.0010 9.3(1) 0.020 0.16 0.0010 1.3 0.0010 | 7915376
Benzo(b&j)fluoranthene mg/kg 0.96 0.0010 5.2 (1) 0.020 0.13 0.0010 1.2 0.0010 | 7915376
Benzo(k)fluoranthene mg/kg 0.24 0.0010 0.73 0.0010 0.030 0.0010 0.30 0.0010 | 7915376
Benzo(a)pyrene mg/kg 0.45 0.0010 2.7 (1) 0.020 0.067 0.0010 0.52 0.0010 | 7915376
Indeno(1,2,3-cd)pyrene mg/kg 0.14 0.0020 0.38 0.0020 0.019 0.0020 0.15 0.0020 | 7915376
Dibenz(a,h)anthracene mg/kg 0.049 0.00050 0.14 0.00050 0.011 0.00050 0.060 0.00050]| 7915376
Benzo(g,h,i)perylene mg/kg| 0.13(2) | 0.020 0.59(2) | 0.040 0.025(2) | 0.020 0.17(2) | 0.020 | 7915376
Low Molecular Weight PAH's mg/kg 4.3 0.0010 23 0.020 6.0 0.010 7.3 0.010 | 7912849
High Molecular Weight PAH's mg/kg 8.2 0.010 57 0.020 2.2 0.0010 9.8 0.010 | 7912849
Total PAH mg/kg 13 0.010 79 0.020 8.2 0.010 17 0.010 | 7912849
Surrogate Recovery (%)
D10-ANTHRACENE (sur.) % 71 87 73 70 7915376
D8-ACENAPHTHYLENE (sur.) % 65 63 55 52 7915376
D8-NAPHTHALENE (sur.) % 65 59 51 54 7915376
TERPHENYL-D14 (sur.) % 86 93 72 87 7915376
RDL = Reportable Detection Limit
(1) Detection limits raised due to dilution to bring analyte within the calibrated range.
(2) Detection limits raised due to matrix interference.
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A Bureau Veritas Group Company
T

Maxxam Job #: B542517
Report Date: 2015/06/02

TETRA TECH EBA
Client Project #: ENVIND03511-02

CCME PAH IN SEDIMENTS BY GC-MS (SEDIMENT)

Maxxam ID MH3570 MH3571 MH3572 MH3573 MH3573
Sampling Date 2015/05/21 2015/05/21( 2015/05/21 2015/05/21|2015/05/21
COC Number G089222 G089222 G089222 G089222 G089222

Units | 15SEDO06 RDL 15SEDO7 15SEDO8 RDL 15SED09 t:zfggs RDL |QC Batch
Calculated Parameters
Index of Additive Cancer Risk(IARC) | N/A 13 0.10 15 17 0.10 7.9 0.10 | 7912848
Benzo[a]pyrene equivalency N/A 0.77 0.10 0.87 1.0 0.10 0.48 0.10 | 7912848
Polycyclic Aromatics
Naphthalene mg/kg 1.0 0.0010 1.1 1.2 0.0010 0.90 0.73 0.0010 | 7915376
2-Methylnaphthalene mg/kg 1.5 0.0010 1.9(1) 2.0(1) | 0.010 1.4 1.1 0.0010 | 7915376
Acenaphthylene mg/kg 0.077 0.00050 0.081 0.10 0.00050 0.045 0.045 0.00050| 7915376
Acenaphthene mg/kg 0.56 0.00050 0.59 0.65 0.00050 0.37 0.35 0.00050]| 7915376
Fluorene mg/kg 0.56 0.0010 0.57 0.68 0.0010 0.31 0.32 0.0010 | 7915376
Phenanthrene mg/kg 1.6 (1) 0.010 1.6 (1) 1.7 (1) 0.010 0.85 0.86 0.0010 | 7915376
Anthracene mg/kg 0.84 0.0010 1.2 1.2 0.0010 0.39 0.37 0.0010 | 7915376
Fluoranthene mg/kg 3.2(1) 0.010 3.2(1) 3.5(1) 0.010 1.4 (1) 1.7 (1) 0.010 | 7915376
Pyrene mg/kg 3.3(1) 0.010 3.4 (1) 3.7 (1) 0.010 1.4 (1) 1.6 (1) 0.010 | 7915376
Benzo(a)anthracene mg/kg 0.78 0.0010 0.94 0.98 0.0010 0.42 0.40 0.0010 | 7915376
Chrysene mg/kg 1.2 0.0010 13 1.6 0.0010 0.56 0.55 0.0010 | 7915376
Benzo(b&j)fluoranthene mg/kg 1.1 0.0010 13 14 0.0010 0.69 0.54 0.0010 | 7915376
Benzo(k)fluoranthene mg/kg|  0.26 0.0010 0.28 0.35 0.0010 0.17 0.13 0.0010 | 7915376
Benzo(a)pyrene mg/kg|  0.47 0.0010 0.54 0.64 0.0010 0.31 0.21 0.0010 | 7915376
Indeno(1,2,3-cd)pyrene mg/kg 0.13 0.0020 0.14 0.16 0.0020 0.076 0.055 0.0020 | 7915376
Dibenz(a,h)anthracene mg/kg 0.052 0.00050 0.055 0.067 0.00050 0.031 0.024 0.00050| 7915376
Benzo(g,h,i)perylene mg/kg| 0.17(1) | 0.020 0.17 (1) 0.19(1) | 0.020 0.10 (1) 0.083 (1) | 0.020 | 7915376
Low Molecular Weight PAH's mg/kg 6.1 0.010 6.9 7.6 0.010 4.2 0.0010 | 7912849
High Molecular Weight PAH's mg/kg 9.0 0.010 9.4 10 0.010 4.2 0.010 | 7912849
Total PAH mg/kg 15 0.010 16 18 0.010 8.4 0.010 | 7912849
Surrogate Recovery (%)
D10-ANTHRACENE (sur.) % 74 71 73 66 71 7915376
D8-ACENAPHTHYLENE (sur.) % 61 51 60 56 55 7915376
D8-NAPHTHALENE (sur.) % 60 52 60 55 54 7915376
TERPHENYL-D14 (sur.) % 95 92 93 78 84 7915376
RDL = Reportable Detection Limit
Lab-Dup = Laboratory Initiated Duplicate
(1) Detection limits raised due to dilution to bring analyte within the calibrated range.
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Maxxam Job #: B542517 TETRA TECH EBA
Report Date: 2015/06/02 Client Project #: ENVIND03511-02
GENERAL COMMENTS
Each temperature is the average of up to three cooler temperatures taken at receipt
Package 1 4.0°C
Package 2 4.7°C
Package 3 5.0°C
Package 4 5.3°C
Package 5 5.7°C
Package 6 5.7°C
Package 7 6.3°C
Package 8 5.3°C
Results relate only to the items tested.
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Maxxam Job #: B542517
Report Date: 2015/06/02

QUALITY ASSURANCE REPORT

TETRA TECH EBA

Client Project #: ENVIND03511-02

Matrix Spike Spiked Blank Method Blank RPD QC Standard
QC Batch | Parameter Date % Recovery [ QC Limits | % Recovery [ QC Limits Value Units Value (%) | QC Limits (% Recovery| QC Limits
7915376 | D10-ANTHRACENE (sur.) 2015/05/28 73 60 - 130 81 60 - 130 80 %
7915376 D8-ACENAPHTHYLENE (sur.) 2015/05/28 58 50-130 80 50-130 82 %
7915376 D8-NAPHTHALENE (sur.) 2015/05/28 57 50-130 83 50-130 85 %
7915376 | TERPHENYL-D14 (sur.) 2015/05/28 86 60 - 130 80 60 - 130 79 %
7912942 Moisture 2015/05/27 <0.30 % 0.80 20
7915180 | % sand by hydrometer 2015/05/29 0.14 35 98 N/A
7915180 | % silt by hydrometer 2015/05/29 0.39 35
7915180 | Clay Content 2015/05/29 NC 35
7915376 | 2-Methylnaphthalene 2015/05/29 NC 40-130 76 40- 130 <0.0010 mg/kg 19 50
7915376 | Acenaphthene 2015/05/29 NC 40 - 130 80 40-130 <0.00050 mg/kg 2.9 50
7915376 | Acenaphthylene 2015/05/29 55 40 - 130 77 40- 130 <0.00050 mg/kg 0.66 50
7915376 | Anthracene 2015/05/29 NC 40-130 83 40-130 <0.0010 mg/kg 3.6 50
7915376 | Benzo(a)anthracene 2015/05/29 NC 40-130 82 40-130 <0.0010 mg/kg 5.1 50
7915376 Benzo(a)pyrene 2015/05/29 NC 40-130 87 40-130 <0.0010 mg/kg 36 50
7915376 Benzo(b&j)fluoranthene 2015/05/29 NC 40-130 85 40-130 <0.0010 mg/kg 24 50
7915376 | Benzo(g,h,i)perylene 2015/05/29 51 40- 130 80 40- 130 <0.0020 mg/kg NC (1) 50
7915376 | Benzo(k)fluoranthene 2015/05/29 55 40-130 77 40- 130 <0.0010 mg/kg 31 50
7915376 | Chrysene 2015/05/29 NC 40 - 130 84 40-130 <0.0010 mg/kg 1.6 50
7915376 | Dibenz(a,h)anthracene 2015/05/29 60 40-130 81 40 -130 <0.00050 mg/kg 27 50
7915376 Fluoranthene 2015/05/29 NC 40-130 80 40-130 <0.0010 mg/kg 17 (1) 50
7915376 Fluorene 2015/05/29 NC 40-130 80 40-130 <0.0010 mg/kg 0.96 50
7915376 Indeno(1,2,3-cd)pyrene 2015/05/29 53 40-130 83 40-130 <0.0020 mg/kg 31 50
7915376 Naphthalene 2015/05/29 NC 40-130 79 40-130 <0.0010 mg/kg 21 50
7915376 | Phenanthrene 2015/05/29 NC 40-130 76 40- 130 <0.0010 mg/kg 1.6 50
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A Bureau Verllas Group Company

TETRA TECH EBA

Maxxam Job #: B542517 '
QUALITY ASSURANCE REPORT(CONT D) Client Project #: ENVIND03511-02

Report Date: 2015/06/02

Matrix Spike Spiked Blank Method Blank RPD QC Standard
QC Batch | Parameter Date % Recovery | QC Limits | % Recovery | QC Limits Value Units Value (%) | QC Limits |% Recovery| QC Limits
7915376 | Pyrene 2015/05/29 NC 40-130 76 40-130 <0.0010 mg/kg 8.8(1) 50

Duplicate: Paired analysis of a separate portion of the same sample. Used to evaluate the variance in the measurement.

Matrix Spike: A sample to which a known amount of the analyte of interest has been added. Used to evaluate sample matrix interference.

QC Standard: A sample of known concentration prepared by an external agency under stringent conditions. Used as an independent check of method accuracy.
Spiked Blank: A blank matrix sample to which a known amount of the analyte, usually from a second source, has been added. Used to evaluate method accuracy.
Method Blank: A blank matrix containing all reagents used in the analytical procedure. Used to identify laboratory contamination.

Surrogate: A pure or isotopically labeled compound whose behavior mirrors the analytes of interest. Used to evaluate extraction efficiency.

NC (Matrix Spike): The recovery in the matrix spike was not calculated. The relative difference between the concentration in the parent sample and the spiked amount was too small to permit a reliable
recovery calculation (matrix spike concentration was less than 2x that of the native sample concentration).

NC (Duplicate RPD): The duplicate RPD was not calculated. The concentration in the sample and/or duplicate was too low to permit a reliable RPD calculation (one or both samples < 5x RDL).

(1) Detection limits raised due to dilution to bring analyte within the calibrated range.
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A Bureau Verllas Group Company

Maxxam Job #: B542517 TETRA TECH EBA
Report Date: 2015/06/02 Client Project #: ENVIND03511-02

VALIDATION SIGNATURE PAGE

The analytical data and all QC contained in this report were reviewed and validated by the following individual(s).

Andy Lu, Data Validation Coordinator

Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC
17025:2005(E), signing the reports. For Service Group specific validation please refer to the Validation Signature Page.
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A Bureau Verllas Group Company

Your Project #: B542517
Your C.O0.C. #: na

Attention:Tabitha Rudkin

Maxxam Analytics
4606 Canada Way
Burnaby, BC

V5G 1K5

Report Date: 2015/06/02
Report #: R3450390
Version: 1 - Final

CERTIFICATE OF ANALYSIS

MAXXAM JOB #: B599505
Received: 2015/05/27, 09:00

Sample Matrix: SEDIMENT
# Samples Received: 8

Date Date
Analyses Quantity Extracted Analyzed Laboratory Method Reference
Total Organic Carbon in Soil 8 N/A 2015/06/02 CAM SOP-00468 LECO 203-601-224
Reference Method suffix “m” indicates test methods incorporate validated modifications from specific reference methods to improve performance.

* RPDs calculated using raw data. The rounding of final results may result in the apparent difference.

Encryption Key

Please direct all questions regarding this Certificate of Analysis to your Project Manager.
Marijane Cruz, Senior Project Manager

Email: MCruz@maxxam.ca

Phonet (905)817-5756

Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC 17025:2005(E),
signing the reports. For Service Group specific validation please refer to the Validation Signature Page.

Total Cover Pages : 1
Page 1 of 5

Maxxam Analytics International Corporation o/a Maxxam Analytics 6740 Campobello Road, Mississauga, Ontario, L5N 2L8 Tel: (905) 817-5700 Toll-Free: 800-563-6266 Fax: (905) 817-5777 www.maxxam.ca
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A Bureau Verllas Group Company

Maxxam Job #: B599505 Maxxam Analytics
Report Date: 2015/06/02 Client Project #: B542517

RESULTS OF ANALYSES OF SEDIMENT

Maxxam ID AIO557 AIO557 AIO558 AI0559
sampling Date 2015/05/21 2015/05/21 2015/05/21 2015/05/21
COC Number na na na na
onns| MO\ | et | e ey o g
Lab-Dup
Inorganics
Total Organic Carbon [ mg/ke] 32000 | 34000 18000 | 11000 |500] 100 | 4045672

RDL = Reportable Detection Limit
QC Batch = Quality Control Batch
Lab-Dup = Laboratory Initiated Duplicate

Maxxam ID AI0560 AI0561 AI0562 AI0563
Sampling Date 2015/05/21 2015/05/21 2015/05/21 2015/05/21

COC Number na na na na

Inorganics

Total Organic Carbon | mg/ke] 61000 | 41000 | 61000 | 52000 | 500 100 | 4045672

RDL = Reportable Detection Limit
QC Batch = Quality Control Batch

Maxxam ID AlO564
Sampling Date 2015/05/21
COC Number na
Units I\;.I::ESI::Q\ RDL| MDL| QC Batch
Inorganics
Total Organic Carbon [ mg/ke] 38000 | 500| 100 | 4045672
RDL = Reportable Detection Limit
QC Batch = Quality Control Batch
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A Bureau Verllas Group Company

Maxxam Job #: B599505 Maxxam Analytics
Report Date: 2015/06/02 Client Project #: B542517

GENERAL COMMENTS

Each temperature is the average of up to three cooler temperatures taken at receipt

Package 1 5.7°C

Results relate only to the items tested.
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A Bureau Verllas Group Company

Maxxam Job #: B599505
Report Date: 2015/06/02

QUALITY ASSURANCE REPORT

Maxxam Analytics

Client Project #: B542517

Method Blank RPD QC Standard
QC Batch Parameter Date Value Units Value (%) QC Limits % Recovery QC Limits
4045672 Total Organic Carbon 2015/06/02 <500 mg/kg 5.6 35 106 75-125

Duplicate: Paired analysis of a separate portion of the same sample. Used to evaluate the variance in the measurement.

QC Standard: A sample of known concentration prepared by an external agency under stringent conditions. Used as an independent check of method accuracy.

Method Blank: A blank matrix containing all reagents used in the analytical procedure. Used to identify laboratory contamination.

Maxxam Analytics International Corporation o/a Maxxam Analytics 6740 Campobello Road, Mississauga, Ontario, L5N 2L8 Tel: (905) 817-5700 Toll-Free: 800-563-6266 Fax: (905) 817-5777 www.maxxam.ca
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A Bureau Verllas Group Company

Maxxam Job #: B599505 Maxxam Analytics
Report Date: 2015/06/02 Client Project #: B542517

VALIDATION SIGNATURE PAGE

The analytical data and all QC contained in this report were reviewed and validated by the following individual(s).

o""”‘ :
Goa %%

5 Eva Prafijic *

Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC
17025:2005(E), signing the reports. For Service Group specific validation please refer to the Validation Signature Page.
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A Bureau Verllas Group Company

Your Project #: ENVINDO3511-02.001
Site Location: CONDRA

Attention:KRISTY GABELHOUSE

TETRA TECH EBA

#1 - 4376 Boban Drive
Nanaimo, BC

CANADA VIT 6A7

Your C.0.C. #: G079951, G079952, GO79953, GO79954

Report Date: 2015/05/14
Report #: R1916566
Version: 1 - Final

CERTIFICATE OF ANALYSIS

MAXXAM JOB #: B533315
Received: 2015/04/24, 07:55

Sample Matrix: TISSUE
# Samples Received: 32

Date Date
Analyses Quantity Extracted Analyzed Laboratory Method Analytical Method
% Lipid Content (2) 15 N/A 2015/05/13 BBY8SOP-00028 BCMOE BCLM Dec 2000
% Lipid Content (2) 17 N/A 2015/05/14 BBY8SOP-00028 BCMOE BCLM Dec 2000
Moisture in Tissue 17 N/A 2015/05/13 BBY8SOP-00017 OMOE E31393.1m
Moisture in Tissue 15 N/A 2015/05/14 BBY8SOP-00017 OMOE E31393.1m
PAH IN Tissue Subcontract (1) 26 2015/05/14 2015/05/14

“pon

Reference Method suffix “m” indicates test methods incorporate validated modifications from specific reference methods to improve performance.
* RPDs calculated using raw data. The rounding of final results may result in the apparent difference.
(1) This test was performed by MAXXAM BURNABY FOOD RESIDUE

(2) Sample(s) analyzed using methodologies that have not been subjected to Maxxam’s standard validation process for the submitted matrix and is not an Accredited method.
Analysis performed with client consent, however results should be viewed with discretion.

Encryption Key

Please direct all questions regarding this Certificate of Analysis to your Project Manager.
Tabitha Rudkin, AScT, Burnaby Project Manager

Email: TRudkin@maxxam.ca

Phonett (604)638-2639

This report has been generated and distributed using a secure automated process.
Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC 17025:2005(E),
signing the reports. For Service Group specific validation please refer to the Validation Signature Page.

Total Cover Pages : 1
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A Bureau Veritas Group Company
T

Maxxam Job #: B533315
Report Date: 2015/05/14

TETRA TECH EBA
Client Project #: ENVINDO3511-02.001
Site Location: CONDRA

Sampler Initials: KA

RESULTS OF CHEMICAL ANALYSES OF TISSUE

Maxxam Analytics International Corporation o/a Maxxam Analytics Burnaby: 4606 Canada Way V5G 1K5 Telephone(604) 734-7276 Fax(604) 731-2386

Maxxam ID MC7076 MC7077 MC7078 MC7079 MC7080
Sampling Date 2015/04/20 2015/04/20 2015/04/21 2015/04/21 2015/04/21
COC Number G079951 G079951 G079951 G079951 G079951

Units CRAB 1 CRAB 2 CRAB 3 CRAB 4 CRAB 5 RDL | QC Batch
Parameter
Lipid Content % 7.16 14.4 6.05 10.8 25.8 0.10| 7897465
Subcontract Parameter N/A ATTACHED ATTACHED ATTACHED ATTACHED ATTACHED N/A| 7902115
RDL = Reportable Detection Limit
N/A = Not Applicable
Maxxam ID MC7081 MC7082 MC7083 MC7084 MC7085
Sampling Date 2015/04/21 2015/04/22 2015/04/22 2015/04/21 2015/04/21
COC Number G079951 G079951 G079951 G079951 G079951

Units CRAB 6 CRAB 7 CRAB 8 CLAM 1 CLAM 2 RDL | QC Batch
Parameter
Lipid Content % 13.6 17.9 7.84 7.46 6.60 0.10| 7897465
Subcontract Parameter N/A ATTACHED ATTACHED ATTACHED ATTACHED ATTACHED N/A| 7902115
RDL = Reportable Detection Limit
N/A = Not Applicable
Maxxam ID MC7086 MC7087 MC7093 MC7094 MC7095
Sampling Date 2015/04/21 2015/04/21 2015/04/21 2015/04/21 2015/04/22
COC Number G079951 G079951 G079952 G079952 G079952

Units CLAM 3 CLAM 4 CLAM 5 CLAM 6 CLAM 7 RDL | QC Batch
Parameter
Lipid Content % 6.67 6.60 9.54 7.96 7.25 0.10| 7897465
Subcontract Parameter N/A ATTACHED ATTACHED ATTACHED ATTACHED ATTACHED N/A | 7902115
RDL = Reportable Detection Limit
N/A = Not Applicable
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A Bureau Veritas Group Company
T

Maxxam Job #: B533315
Report Date: 2015/05/14

TETRA TECH EBA
Client Project #: ENVINDO3511-02.001

Site Location:

CONDRA

Sampler Initials: KA

RESULTS OF CHEMICAL ANALYSES OF TISSUE

Maxxam Analytics International Corporation o/a Maxxam Analytics Burnaby: 4606 Canada Way V5G 1K5 Telephone(604) 734-7276 Fax(604) 731-2386

Maxxam ID MC7096 MC7096 MC7097 MC7098 MC7099 MC7100
Sampling Date 2015/04/22 |2015/04/22| 2015/04/21 2015/04/21 2015/04/21 2015/04/21
COC Number G079952 G079952 G079952 G079952 G079952 G079952
Units CLAM 8 f::_':;lusp VEG 1 VEG 2 VEG 3 VEG 4 RDL | QC Batch
Parameter
Lipid Content % 7.14 5.34 2.02 2.89 2.47 3.03 0.10| 7899504
Subcontract Parameter N/A ATTACHED ATTACHED ATTACHED ATTACHED ATTACHED N/A [ 7902115
RDL = Reportable Detection Limit
Lab-Dup = Laboratory Initiated Duplicate
N/A = Not Applicable
Maxxam ID MC7101 MC7102 MC7103 MC7104 MC7106
Sampling Date 2015/04/21 2015/04/22 2015/04/22 2015/04/22 |2015/04/21
COC Number G079952 G079952 G079952 G079952 G079953
Units VEG 5 VEG 6 QC Batch VEG 7 VEG 8 CRAI; REF RDL| QC Batch
Parameter
Lipid Content % 2.46 1.98 7899504 2.78 2.78 20.3 0.10| 7900147
Subcontract Parameter N/A ATTACHED ATTACHED 7902115 ATTACHED ATTACHED N/A| 7902115
RDL = Reportable Detection Limit
Maxxam ID MC7107 MC7110 MC7111 MC7111 MC7114 MC7115 MC7130
Sampling Date 2015/04/21| 2015/04/21 | 2015/04/21| 2015/04/21 | 2015/04/21| 2015/04/21| 2015/04/21
COC Number G079953 G079953 G079953 G079953 G079953 G079953 G079954
CLAM REF
Units CRAg REF CLAI\;.I REF CLAI\;I REF 2 VEGlREF VEGZREF CLAM DUP RDL | QC Batch
Lab-Dup
Parameter
Lipid Content % 19.3 7.54 5.68 6.67 1.81 3.59 7.93 0.10] 7900147
Subcontract Parameter N/A ATTACHED N/A | 7902115
RDL = Reportable Detection Limit
Lab-Dup = Laboratory Initiated Duplicate
N/A = Not Applicable
Page 3 of 13
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Maxxam Job #: B533315
Report Date: 2015/05/14

TETRA TECH EBA
Client Project #: ENVINDO3511-02.001
Site Location: CONDRA

Sampler Initials: KA

RESULTS OF CHEMICAL ANALYSES OF TISSUE

Maxxam ID MC7131
Sampling Date 2015/04/22
COC Number G079954

Units VEG DUP RDL | QC Batch
Parameter
Lipid Content % 2.36 0.10| 7900147
Subcontract Parameter N/A ATTACHED N/A | 7902115

N/A = Not Applicable

RDL = Reportable Detection Limit

Page 4 of 13
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Maxxam Job #: B533315
Report Date: 2015/05/14

TETRA TECH EBA
Client Project #: ENVINDO3511-02.001
Site Location:

CONDRA

Sampler Initials: KA

PHYSICAL TESTING (TISSUE)

Maxxam Analytics International Corporation o/a Maxxam Analytics Burnaby: 4606 Canada Way V5G 1K5 Telephone(604) 734-7276 Fax(604) 731-2386

Maxxam ID MC7076 MC7077 MC7078 MC7079 MC7080 MC7081 MC7081
Sampling Date 2015/04/20( 2015/04/20| 2015/04/21 | 2015/04/21| 2015/04/21 | 2015/04/21| 2015/04/21
COC Number G079951 G079951 G079951 G079951 G079951 G079951 G079951
Units| CRAB1 CRAB 2 CRAB 3 CRAB 4 CRAB 5 CRAB 6 IiRl:g:p RDL | QC Batch
Physical Properties
Moisture | % | 79 81 78 79 76 82 82 |0.30] 7900777
RDL = Reportable Detection Limit
Lab-Dup = Laboratory Initiated Duplicate
Maxxam ID MC7082 MC7083 MC7084 MC7085 MC7086 MC7087 MC7093
Sampling Date 2015/04/22 | 2015/04/22|2015/04/21 | 2015/04/21| 2015/04/21 | 2015/04/21| 2015/04/21
COC Number G079951 G079951 G079951 G079951 G079951 G079951 G079952
Units| CRAB7 CRAB 8 CLAM 1 CLAM 2 CLAM 3 CLAM 4 CLAM 5 RDL | QC Batch
Physical Properties
Moisture | % | 79 82 84 86 86 84 86 |0.30] 7900777
RDL = Reportable Detection Limit
Maxxam ID MC7094 MC7095 MC7096 MC7097 MC7098 MC7099
Sampling Date 2015/04/21|2015/04/22 2015/04/22|2015/04/21|2015/04/21 | 2015/04/21
COC Number G079952 G079952 G079952 G079952 G079952 G079952
Units| CLAM 6 CLAM 7 |QCBatch| CLAMS VEG 1 VEG 2 VEG 3 RDL | QC Batch
Physical Properties
Moisture | % 86 86 |7900777] 84 81 85 83 |0.30] 7899988
RDL = Reportable Detection Limit
Maxxam ID MC7100 MC7101 MC7102 MC7103 MC7104 MC7106 MC7106
Sampling Date 2015/04/21|2015/04/21|2015/04/22 | 2015/04/22 | 2015/04/22 [ 2015/04/21| 2015/04/21
COC Number G079952 G079952 G079952 G079952 G079952 G079953 G079953
CRAB REF
Units VEG 4 VEG 5 VEG 6 VEG 7 VEG 8 CRAE REF 1 RDL | QC Batch
Lab-Dup
Physical Properties
Moisture | % | 83 83 83 82 84 76 76 |0.30] 7899988
RDL = Reportable Detection Limit
Lab-Dup = Laboratory Initiated Duplicate
Page 5 of 13
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A Bureau Verllas Group Company

Maxxam Job #: B533315
Report Date: 2015/05/14

TETRA TECH EBA
Client Project #: ENVINDO3511-02.001
Site Location:

CONDRA

Sampler Initials: KA

PHYSICAL TESTING (TISSUE)

Maxxam Analytics International Corporation o/a Maxxam Analytics Burnaby: 4606 Canada Way V5G 1K5 Telephone(604) 734-7276 Fax(604) 731-2386

Maxxam ID MC7107 MC7110 MC7111 MC7114 MC7115 MC7130 MC7131
Sampling Date 2015/04/21| 2015/04/21| 2015/04/21| 2015/04/21| 2015/04/21 | 2015/04/21 | 2015/04/22
COC Number G079953 G079953 G079953 G079953 G079953 G079954 G079954

Units CRAB REF | CLAM REF | CLAM REF VEG REF VEG REF CLAMDUP | VEGDUP | RDL|QC Batch

2 1 2 1 2
Physical Properties
Moisture | % 79 85 85 82 85 84 80  [0.30] 7899988
RDL = Reportable Detection Limit
Page 6 of 13
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A Bureau Verllas Group Company

Maxxam Job #: B533315 TETRA TECH EBA

Report Date: 2015/05/14 Client Project #: ENVINDO3511-02.001
Site Location: CONDRA
Sampler Initials: KA

GENERAL COMMENTS
Each temperature is the average of up to three cooler temperatures taken at receipt
Package 1 1.0°C
Package 2 1.0°C
Package 3 1.7°C

Results relate only to the items tested.
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Maxxam Job #: B533315
Report Date: 2015/05/14

QUALITY ASSURANCE REPORT

TETRA TECH EBA
Client Project #: ENVINDO3511-02.001

Site Location:
Sampler Initials: KA

CONDRA

Method Blank RPD
QC Batch Parameter Date Value Units Value (%) QC Limits
7897465 Lipid Content 2015/05/13 <0.10 %
7899504 Lipid Content 2015/05/14 <0.10 % 29 50
7899988 Moisture 2015/05/13 <0.30 % 0.26 20
7900147 Lipid Content 2015/05/14 <0.10 % 16 50
7900777 Moisture 2015/05/14 <0.30 % 0.12 20

Duplicate: Paired analysis of a separate portion of the same sample. Used to evaluate the variance in the measurement.

Method Blank: A blank matrix containing all reagents used in the analytical procedure. Used to identify laboratory contamination.
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A Bureau Verllas Group Company

Maxxam Job #: B533315 TETRA TECH EBA

Report Date: 2015/05/14 Client Project #: ENVINDO3511-02.001
Site Location: CONDRA
Sampler Initials: KA

VALIDATION SIGNATURE PAGE

The analytical data and all QC contained in this report were reviewed and validated by the following individual(s).

Andy Lu, Data Validation Coordinator

Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC
17025:2005(E), signing the reports. For Service Group specific validation please refer to the Validation Signature Page.
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A Bureau Verllas Group Company

Your Project #: ENVINDO3511-02.001
Site Location: CONDRA

Attention:Kristy Gabelhouse

Tetra Tech EBA Inc.
Nanaimo

#1 - 4376 Boban Drive
Nanaimo, BC

Canada VIT 6A7

Report Date: 2015/05/13
Report #: R3427208
Version: 1 - Final

CERTIFICATE OF ANALYSIS

MAXXAM JOB #: B576434
Received: 2015/04/28, 09:25

Sample Matrix: TISSUE
# Samples Received: 26

Date Date
Analyses Quantity Extracted Analyzed Laboratory Method Reference
Polycyclic Aromatic Hydrocarbons (PAH) 11 2015/05/07 2015/05/09 BBY4SOP-00108 SOPPOPWSB,ENVCAN.04
Polycyclic Aromatic Hydrocarbons (PAH) 15 2015/05/07 2015/05/10 BBY4SOP-00108 SOPPOPWSB,ENVCAN.04

Reference Method suffix “m” indicates test methods incorporate validated modifications from specific reference methods to improve performance.
* RPDs calculated using raw data. The rounding of final results may result in the apparent difference.

Encryption Key

Please direct all questions regarding this Certificate of Analysis to your Project Manager.
Brian Jang, B.Sc., CS Rep-Food Science and Safety Division

Email: BJang@maxxam.ca

Phonett (604)639-2604

Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC 17025:2005(E),
signing the reports. For Service Group specific validation please refer to the Validation Signature Page.

Total Cover Pages : 1
Page 1 of 14
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A Bureau Verllas Group Company

Maxxam Job #: B576434
Report Date: 2015/05/13

Tetra Tech EBA Inc.

Client Project #: ENVINDO3511-02.001

Maxxam Analytics International Corporation o/a Maxxam Analytics 4606 Canada Way, Burnaby, BC V5G 1K5 Tel: (604) 734-7276, Toll Free 1-800-665-8566, Fax: (604) 731-2386 www.maxxamanalytics.com

Site Location: CONDRA
RESULTS OF ANALYSES OF TISSUE

Maxxam ID AEJ242 AEJ243 AEJ244
Sampling Date 2015/04/20 2015/04/20 2015/04/21

Units MC7076-(;.1R/ CRAB MC7077-(;1R/ CRAB MC7078-(;1R/ CRAB RDL |MDL|QcC Batch
Polyaromatic Hydrocarbons
Naphthalene ug/g <0.0025 <0.0025 <0.0025 0.0025| N/A | 4014546
Acenaphthylene ug/g <0.0025 <0.0025 <0.0025 0.0025( N/A | 4014546
Acenaphthene ug/g <0.0025 <0.0025 <0.0025 0.0025| N/A | 4014546
Fluorene ug/g <0.0025 <0.0025 <0.0025 0.0025| N/A | 4014546
Phenanthrene ug/g <0.0025 <0.0025 <0.0025 0.0025( N/A | 4014546
Anthracene ug/g <0.0025 <0.0025 <0.0025 0.0025| N/A | 4014546
Fluoranthene ug/s <0.0025 <0.0025 <0.0025 0.0025| N/A | 4014546
Pyrene ug/g <0.0025 <0.0025 <0.0025 0.0025| N/A | 4014546
Benzo(a)anthracene ug/g <0.0025 <0.0025 <0.0025 0.0025| N/A | 4014546
Chrysene ug/g <0.0025 <0.0025 <0.0025 0.0025| N/A | 4014546
Benzo(b)fluoranthene ug/g <0.0025 <0.0025 <0.0025 0.0025| N/A | 4014546
Benzo(k)fluoranthene ug/g <0.0025 <0.0025 <0.0025 0.0025| N/A | 4014546
Benzo(a)pyrene ug/g <0.0050 <0.0050 <0.0050 0.0050| N/A | 4014546
Indeno(1,2,3-cd)pyrene ug/g <0.0050 <0.0050 <0.0050 0.0050| N/A | 4014546
Dibenz(a,h)anthracene ug/g <0.0050 <0.0050 <0.0050 0.0050( N/A | 4014546
Benzo(g,h,i)perylene ug/g <0.0050 <0.0050 <0.0050 0.0050| N/A | 4014546
Surrogate Recovery (%)
D10-Acenaphthene % 75 56 77 4014546
D10-Phenanthrene % 77 59 77 4014546
D12-Chrysene % 82 64 86 4014546
D12-Perylene % 100 100 100 4014546
D8-Naphthalene % 64 46 64 4014546
RDL = Reportable Detection Limit
QC Batch = Quality Control Batch
N/A = Not Applicable
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A Bureau Verllas Group Company

Maxxam Job #: B576434
Report Date: 2015/05/13

Tetra Tech EBA Inc.

Client Project #: ENVINDO3511-02.001

Maxxam Analytics International Corporation o/a Maxxam Analytics 4606 Canada Way, Burnaby, BC V5G 1K5 Tel: (604) 734-7276, Toll Free 1-800-665-8566, Fax: (604) 731-2386 www.maxxamanalytics.com

Site Location: CONDRA
RESULTS OF ANALYSES OF TISSUE

Maxxam ID AEJ245 AEJ246 AEJ247
Sampling Date 2015/04/21 2015/04/21 2015/04/21

Units MC7079-(£)‘1R/ CRAB MC7080-(;1R/ CRAB MC7081-(:51R/ CRAB RDL |MDL|QcC Batch
Polyaromatic Hydrocarbons
Naphthalene ug/g <0.0025 <0.0025 <0.0025 0.0025| N/A | 4014546
Acenaphthylene ug/g <0.0025 <0.0025 <0.0025 0.0025( N/A | 4014546
Acenaphthene ug/g <0.0025 <0.0025 <0.0025 0.0025| N/A | 4014546
Fluorene ug/g <0.0025 <0.0025 <0.0025 0.0025| N/A | 4014546
Phenanthrene ug/g <0.0025 <0.0025 <0.0025 0.0025( N/A | 4014546
Anthracene ug/g <0.0025 <0.0025 <0.0025 0.0025| N/A | 4014546
Fluoranthene ug/s <0.0025 <0.0025 <0.0025 0.0025| N/A | 4014546
Pyrene ug/g <0.0025 <0.0025 <0.0025 0.0025| N/A | 4014546
Benzo(a)anthracene ug/g <0.0025 <0.0025 <0.0025 0.0025| N/A | 4014546
Chrysene ug/g <0.0025 <0.0025 <0.0025 0.0025| N/A | 4014546
Benzo(b)fluoranthene ug/g <0.0025 <0.0025 <0.0025 0.0025| N/A | 4014546
Benzo(k)fluoranthene ug/g <0.0025 <0.0025 <0.0025 0.0025| N/A | 4014546
Benzo(a)pyrene ug/g <0.0050 <0.0050 <0.0050 0.0050| N/A | 4014546
Indeno(1,2,3-cd)pyrene ug/g <0.0050 <0.0050 <0.0050 0.0050| N/A | 4014546
Dibenz(a,h)anthracene ug/g <0.0050 <0.0050 <0.0050 0.0050( N/A | 4014546
Benzo(g,h,i)perylene ug/g <0.0050 <0.0050 <0.0050 0.0050| N/A | 4014546
Surrogate Recovery (%)
D10-Acenaphthene % 68 63 64 4014546
D10-Phenanthrene % 71 67 67 4014546
D12-Chrysene % 70 71 72 4014546
D12-Perylene % 100 100 100 4014546
D8-Naphthalene % 55 51 53 4014546
RDL = Reportable Detection Limit
QC Batch = Quality Control Batch
N/A = Not Applicable
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A Bureau Verllas Group Company

Maxxam Job #: B576434
Report Date: 2015/05/13

Tetra Tech EBA Inc.

Client Project #: ENVINDO3511-02.001

Maxxam Analytics International Corporation o/a Maxxam Analytics 4606 Canada Way, Burnaby, BC V5G 1K5 Tel: (604) 734-7276, Toll Free 1-800-665-8566, Fax: (604) 731-2386 www.maxxamanalytics.com

Site Location: CONDRA
RESULTS OF ANALYSES OF TISSUE

Maxxam ID AEJ248 AEJ249 AEJ250
Sampling Date 2015/04/22 2015/04/22 2015/04/21

Units MC7082-(;1R/ CRAB MC7083-(;1R/ CRAB MC7084-(;.1R/ CLAM RDL |MDL|QcC Batch
Polyaromatic Hydrocarbons
Naphthalene ug/g <0.0025 <0.0025 <0.0025 0.0025( N/A | 4014546
Acenaphthylene ug/g <0.0025 <0.0025 <0.0025 0.0025( N/A | 4014546
Acenaphthene ug/g <0.0025 <0.0025 <0.0025 0.0025| N/A | 4014546
Fluorene ug/g <0.0025 <0.0025 <0.0025 0.0025| N/A | 4014546
Phenanthrene ug/g <0.0025 <0.0025 0.0040 0.0025| N/A | 4014546
Anthracene ug/g <0.0025 <0.0025 <0.0025 0.0025( N/A | 4014546
Fluoranthene ug/g <0.0025 <0.0025 0.0072 0.0025( N/A | 4014546
Pyrene ug/g <0.0025 <0.0025 0.0049 0.0025( N/A | 4014546
Benzo(a)anthracene ug/g <0.0025 <0.0025 0.0039 0.0025( N/A | 4014546
Chrysene ug/g <0.0025 <0.0025 0.0064 0.0025| N/A | 4014546
Benzo(b)fluoranthene ug/s <0.0025 <0.0025 <0.0025 0.0025| N/A | 4014546
Benzo(k)fluoranthene ug/g <0.0025 <0.0025 <0.0025 0.0025| N/A | 4014546
Benzo(a)pyrene ug/g <0.0050 <0.0050 <0.0050 0.0050| N/A | 4014546
Indeno(1,2,3-cd)pyrene ug/g <0.0050 <0.0050 <0.0050 0.0050| N/A | 4014546
Dibenz(a,h)anthracene ug/g <0.0050 <0.0050 <0.0050 0.0050( N/A | 4014546
Benzo(g,h,i)perylene ug/g <0.0050 <0.0050 <0.0050 0.0050( N/A | 4014546
Surrogate Recovery (%)
D10-Acenaphthene % 56 72 76 4014546
D10-Phenanthrene % 61 77 79 4014546
D12-Chrysene % 61 85 83 4014546
D12-Perylene % 100 100 100 4014546
D8-Naphthalene % 45 58 62 4014546
RDL = Reportable Detection Limit
QC Batch = Quality Control Batch
N/A = Not Applicable
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A Bureau Verllas Group Company

Maxxam Job #: B576434
Report Date: 2015/05/13

Tetra Tech EBA Inc.

Client Project #: ENVINDO3511-02.001

Site Location: CONDRA
RESULTS OF ANALYSES OF TISSUE

Maxxam ID AEJ251 AEJ252 AEJ253
Sampling Date 2015/04/21 2015/04/21 2015/04/21

Units MC7085-021R/ CLAM MC7086-031R/ CLAM MC7087-(21R/ CLAM RDL |MDL|QcC Batch
Polyaromatic Hydrocarbons
Naphthalene ug/g <0.0025 <0.0025 <0.0025 0.0025| N/A | 4014546
Acenaphthylene ug/g <0.0025 <0.0025 <0.0025 0.0025( N/A | 4014546
Acenaphthene ug/g <0.0025 <0.0025 <0.0025 0.0025| N/A | 4014546
Fluorene ug/g <0.0025 <0.0025 <0.0025 0.0025| N/A | 4014546
Phenanthrene ug/g 0.0049 0.0031 0.0055 0.0025| N/A | 4014546
Anthracene ug/g <0.0025 <0.0025 0.0059 0.0025| N/A | 4014546
Fluoranthene ug/g 0.0075 0.0044 0.0096 0.0025| N/A | 4014546
Pyrene ug/g 0.0059 0.0031 0.0065 0.0025| N/A | 4014546
Benzo(a)anthracene ug/g 0.0034 <0.0025 0.0031 0.0025| N/A | 4014546
Chrysene ug/g 0.0054 <0.0025 0.0043 0.0025| N/A | 4014546
Benzo(b)fluoranthene ug/g 0.0033 <0.0025 <0.0025 0.0025| N/A | 4014546
Benzo(k)fluoranthene ug/g 0.0030 <0.0025 <0.0025 0.0025| N/A | 4014546
Benzo(a)pyrene ug/g <0.0050 <0.0050 <0.0050 0.0050| N/A | 4014546
Indeno(1,2,3-cd)pyrene ug/g <0.0050 <0.0050 <0.0050 0.0050| N/A | 4014546
Dibenz(a,h)anthracene ug/g <0.0050 <0.0050 <0.0050 0.0050( N/A | 4014546
Benzo(g,h,i)perylene ug/g <0.0050 <0.0050 <0.0050 0.0050| N/A | 4014546
Surrogate Recovery (%)
D10-Acenaphthene % 67 74 71 4014546
D10-Phenanthrene % 70 77 76 4014546
D12-Chrysene % 78 76 81 4014546
D12-Perylene % 100 100 100 4014546
D8-Naphthalene % 56 62 56 4014546
RDL = Reportable Detection Limit
QC Batch = Quality Control Batch
N/A = Not Applicable
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A Bureau Verllas Group Company

Maxxam Job #: B576434
Report Date: 2015/05/13

Tetra Tech EBA Inc.

Client Project #: ENVINDO3511-02.001

Site Location: CONDRA
RESULTS OF ANALYSES OF TISSUE

Maxxam ID AEJ254 AEJ255 AEJ256
Sampling Date 2015/04/21 2015/04/21 2015/04/22

Units MC7093-051R/ CLAM MC7094-061R/ CLAM MC7095-071R/ CLAM RDL |MDL|QcC Batch
Polyaromatic Hydrocarbons
Naphthalene ug/g <0.0025 <0.0025 <0.0025 0.0025| N/A | 4014546
Acenaphthylene ug/g <0.0025 <0.0025 <0.0025 0.0025( N/A | 4014546
Acenaphthene ug/g <0.0025 <0.0025 <0.0025 0.0025| N/A | 4014546
Fluorene ug/g <0.0025 <0.0025 <0.0025 0.0025| N/A | 4014546
Phenanthrene ug/g <0.0025 0.0036 0.0068 0.0025| N/A | 4014546
Anthracene ug/g <0.0025 <0.0025 <0.0025 0.0025| N/A | 4014546
Fluoranthene ug/g <0.0025 0.0049 0.0118 0.0025| N/A | 4014546
Pyrene ug/g <0.0025 0.0040 0.0077 0.0025| N/A | 4014546
Benzo(a)anthracene ug/g <0.0025 <0.0025 0.0043 0.0025| N/A | 4014546
Chrysene ug/g <0.0025 0.0028 0.0051 0.0025| N/A | 4014546
Benzo(b)fluoranthene ug/g <0.0025 <0.0025 <0.0025 0.0025( N/A | 4014546
Benzo(k)fluoranthene ug/g <0.0025 <0.0025 <0.0025 0.0025| N/A | 4014546
Benzo(a)pyrene ug/g <0.0050 <0.0050 <0.0050 0.0050| N/A | 4014546
Indeno(1,2,3-cd)pyrene ug/g <0.0050 <0.0050 <0.0050 0.0050| N/A | 4014546
Dibenz(a,h)anthracene ug/g <0.0050 <0.0050 <0.0050 0.0050( N/A | 4014546
Benzo(g,h,i)perylene ug/g <0.0050 <0.0050 <0.0050 0.0050| N/A | 4014546
Surrogate Recovery (%)
D10-Acenaphthene % 64 76 74 4014546
D10-Phenanthrene % 69 77 76 4014546
D12-Chrysene % 69 76 80 4014546
D12-Perylene % 100 100 100 4014546
D8-Naphthalene % 52 63 57 4014546
RDL = Reportable Detection Limit
QC Batch = Quality Control Batch
N/A = Not Applicable
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A Bureau Verllas Group Company

Maxxam Job #: B576434
Report Date: 2015/05/13

Tetra Tech EBA Inc.
Client Project #: ENVINDO3511-02.001

Site Location: CONDRA
RESULTS OF ANALYSES OF TISSUE

Maxxam ID AEJ257 AEJ258 AEJ259
Sampling Date 2015/04/22 2015/04/21 2015/04/21

Units MC7096-081R/ CLAM QcC Batch MC7097-;)1R/ VEG MC7098-;)1R/ VEG RDL |MDL| QcC Batch
Polyaromatic Hydrocarbons
Naphthalene ug/g <0.0025 4014546 <0.0025 <0.0025 0.0025| N/A | 4009777
Acenaphthylene ug/g <0.0025 4014546 <0.0025 <0.0025 0.0025( N/A | 4009777
Acenaphthene ug/g <0.0025 4014546 <0.0025 <0.0025 0.0025| N/A | 4009777
Fluorene ug/g <0.0025 4014546 <0.0025 <0.0025 0.0025| N/A | 4009777
Phenanthrene ug/g 0.0039 4014546 <0.0025 <0.0025 0.0025| N/A | 4009777
Anthracene ug/g <0.0025 4014546 <0.0025 <0.0025 0.0025| N/A | 4009777
Fluoranthene ug/g 0.0045 4014546 <0.0025 <0.0025 0.0025| N/A | 4009777
Pyrene ug/g 0.0026 4014546 <0.0025 <0.0025 0.0025| N/A | 4009777
Benzo(a)anthracene ug/g <0.0025 4014546 <0.0025 <0.0025 0.0025| N/A | 4009777
Chrysene ug/g <0.0025 4014546 <0.0025 <0.0025 0.0025( N/A | 4009777
Benzo(b)fluoranthene ug/g <0.0025 4014546 <0.0025 <0.0025 0.0025( N/A | 4009777
Benzo(k)fluoranthene ug/g <0.0025 4014546 <0.0025 <0.0025 0.0025| N/A | 4009777
Benzo(a)pyrene ug/g <0.0050 4014546 <0.0050 <0.0050 0.0050( N/A | 4009777
Indeno(1,2,3-cd)pyrene ug/g <0.0050 4014546 <0.0050 <0.0050 0.0050( N/A | 4009777
Dibenz(a,h)anthracene ug/g <0.0050 4014546 <0.0050 <0.0050 0.0050( N/A | 4009777
Benzo(g,h,i)perylene ug/g <0.0050 4014546 <0.0050 <0.0050 0.0050( N/A | 4009777
Surrogate Recovery (%)
D10-Acenaphthene % 66 4014546 91 90 4009777
D10-Phenanthrene % 69 4014546 89 89 4009777
D12-Chrysene % 71 4014546 93 104 4009777
D12-Perylene % 100 4014546 100 100 4009777
D8-Naphthalene % 56 4014546 82 84 4009777
RDL = Reportable Detection Limit
QC Batch = Quality Control Batch
N/A = Not Applicable
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A Bureau Verllas Group Company

Maxxam Job #: B576434
Report Date: 2015/05/13

Tetra Tech EBA Inc.
Client Project #: ENVINDO3511-02.001

Site Location: CONDRA
RESULTS OF ANALYSES OF TISSUE

Maxxam ID AEJ260 AEJ261 AEJ262 AEJ263
Sampling Date 2015/04/21 2015/04/21 2015/04/21 2015/04/22

Units MC7099-;)1R/ VEG MC7100-‘(‘)1R/ VEG MC7101-;)1R/ VEG MC7102-§1R/ VEG RDL |MDL|QcC Batch
Polyaromatic Hydrocarbons
Naphthalene ug/g <0.0025 <0.0025 <0.0025 <0.0025 0.0025( N/A | 4009777
Acenaphthylene ug/g <0.0025 <0.0025 <0.0025 <0.0025 0.0025( N/A | 4009777
Acenaphthene ug/g <0.0025 <0.0025 <0.0025 <0.0025 0.0025| N/A | 4009777
Fluorene ug/g <0.0025 <0.0025 <0.0025 <0.0025 0.0025| N/A | 4009777
Phenanthrene ug/g <0.0025 <0.0025 <0.0025 <0.0025 0.0025| N/A | 4009777
Anthracene ug/g <0.0025 <0.0025 <0.0025 <0.0025 0.0025( N/A | 4009777
Fluoranthene ug/g <0.0025 <0.0025 <0.0025 <0.0025 0.0025( N/A | 4009777
Pyrene ug/g <0.0025 <0.0025 <0.0025 <0.0025 0.0025( N/A | 4009777
Benzo(a)anthracene ug/g <0.0025 <0.0025 <0.0025 <0.0025 0.0025( N/A | 4009777
Chrysene ug/g <0.0025 <0.0025 <0.0025 <0.0025 0.0025| N/A | 4009777
Benzo(b)fluoranthene ug/g <0.0025 <0.0025 <0.0025 <0.0025 0.0025| N/A | 4009777
Benzo(k)fluoranthene ug/g <0.0025 <0.0025 <0.0025 <0.0025 0.0025| N/A | 4009777
Benzo(a)pyrene ug/g <0.0050 <0.0050 <0.0050 <0.0050 0.0050| N/A | 4009777
Indeno(1,2,3-cd)pyrene ug/g <0.0050 <0.0050 <0.0050 <0.0050 0.0050( N/A | 4009777
Dibenz(a,h)anthracene ug/g <0.0050 <0.0050 <0.0050 <0.0050 0.0050( N/A | 4009777
Benzo(g,h,i)perylene ug/g <0.0050 <0.0050 <0.0050 <0.0050 0.0050( N/A | 4009777
Surrogate Recovery (%)
D10-Acenaphthene % 90 86 93 93 4009777
D10-Phenanthrene % 87 86 89 91 4009777
D12-Chrysene % 101 98 104 104 4009777
D12-Perylene % 100 100 100 100 4009777
D8-Naphthalene % 85 80 85 84 4009777
RDL = Reportable Detection Limit
QC Batch = Quality Control Batch
N/A = Not Applicable
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A Bureau Verllas Group Company

Maxxam Job #: B576434
Report Date: 2015/05/13

RESULTS OF ANALYSES OF TISSUE

Tetra Tech EBA Inc.
Client Project #: ENVINDO3511-02.001
Site Location: CONDRA

Maxxam ID AEJ264 AEJ265 AEJ272
Sampling Date 2015/04/22 2015/04/22 2015/04/21

Units MC7103-;)1R/ VEG MC7104-:1R/ VEG Qc Batch MC7130|-)(3.:/ CLAM RDL |MDL|QC Batch
Polyaromatic Hydrocarbons
Naphthalene ug/g <0.0025 <0.0025 4009777 <0.0025 0.0025( N/A | 4014546
Acenaphthylene ug/g <0.0025 <0.0025 4009777 <0.0025 0.0025( N/A | 4014546
Acenaphthene ug/g <0.0025 <0.0025 4009777 <0.0025 0.0025| N/A | 4014546
Fluorene ug/g <0.0025 <0.0025 4009777 <0.0025 0.0025| N/A | 4014546
Phenanthrene ug/g 0.0034 <0.0025 4009777 0.0140 0.0025( N/A | 4014546
Anthracene ug/g <0.0025 <0.0025 4009777 0.0062 0.0025( N/A | 4014546
Fluoranthene ug/g 0.0100 0.0054 4009777 0.0287 0.0025( N/A | 4014546
Pyrene ug/g 0.0072 0.0040 4009777 0.0243 0.0025( N/A | 4014546
Benzo(a)anthracene ug/g 0.0031 <0.0025 4009777 0.0116 0.0025( N/A | 4014546
Chrysene ug/g 0.0056 <0.0025 4009777 0.0137 0.0025( N/A | 4014546
Benzo(b)fluoranthene ug/g 0.0050 <0.0025 4009777 0.0061 0.0025| N/A | 4014546
Benzo(k)fluoranthene ug/g 0.0045 <0.0025 4009777 0.0072 0.0025| N/A | 4014546
Benzo(a)pyrene ug/g <0.0050 <0.0050 4009777 0.0077 0.0050( N/A | 4014546
Indeno(1,2,3-cd)pyrene ug/e <0.0050 <0.0050 4009777 <0.0050 0.0050| N/A | 4014546
Dibenz(a,h)anthracene ug/g <0.0050 <0.0050 4009777 <0.0050 0.0050( N/A | 4014546
Benzo(g,h,i)perylene ug/g <0.0050 <0.0050 4009777 <0.0050 0.0050| N/A | 4014546
Surrogate Recovery (%)
D10-Acenaphthene % 91 90 4009777 76 4014546
D10-Phenanthrene % 89 87 4009777 78 4014546
D12-Chrysene % 105 98 4009777 87 4014546
D12-Perylene % 100 100 4009777 100 4014546
D8-Naphthalene % 84 85 4009777 64 4014546
RDL = Reportable Detection Limit
QC Batch = Quality Control Batch
N/A = Not Applicable
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A Bureau Verllas Group Company

Maxxam Job #: B576434 Tetra Tech EBA Inc.
Report Date: 2015/05/13 Client Project #: ENVINDO3511-02.001
Site Location: CONDRA

RESULTS OF ANALYSES OF TISSUE

Maxxam ID AEJ273
Sampling Date 2015/04/21

Units Mcn"';'S;R/ VEG RDL |MDL|QC Batch
Polyaromatic Hydrocarbons
Naphthalene ug/g <0.0025 0.0025| N/A | 4009777
Acenaphthylene ug/g <0.0025 0.0025| N/A | 4009777
Acenaphthene ug/g <0.0025 0.0025| N/A | 4009777
Fluorene ug/g <0.0025 0.0025| N/A | 4009777
Phenanthrene ug/g <0.0025 0.0025| N/A | 4009777
Anthracene ug/g <0.0025 0.0025( N/A | 4009777
Fluoranthene ug/g 0.0040 0.0025| N/A | 4009777
Pyrene ug/g 0.0030 0.0025( N/A | 4009777
Benzo(a)anthracene ug/g <0.0025 0.0025 [ N/A | 4009777
Chrysene ug/g 0.0033 0.0025| N/A | 4009777
Benzo(b)fluoranthene ug/s <0.0025 0.0025| N/A | 4009777
Benzo(k)fluoranthene ug/g <0.0025 0.0025| N/A | 4009777
Benzo(a)pyrene ug/g <0.0050 0.0050( N/A | 4009777
Indeno(1,2,3-cd)pyrene ug/g <0.0050 0.0050( N/A | 4009777
Dibenz(a,h)anthracene ug/g <0.0050 0.0050( N/A | 4009777
Benzo(g,h,i)perylene ug/g <0.0050 0.0050( N/A | 4009777
Surrogate Recovery (%)
D10-Acenaphthene % 89 4009777
D10-Phenanthrene % 88 4009777
D12-Chrysene % 104 4009777
D12-Perylene % 100 4009777
D8-Naphthalene % 81 4009777
RDL = Reportable Detection Limit
QC Batch = Quality Control Batch
N/A = Not Applicable
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A Bureau Verllas Group Company

Maxxam Job #: B576434 Tetra Tech EBA Inc.
Report Date: 2015/05/13 Client Project #: ENVINDO3511-02.001
Site Location: CONDRA

GENERAL COMMENTS

Each temperature is the average of up to three cooler temperatures taken at receipt

Package 1 5.7°C

Results relate only to the items tested.
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Tetra Tech EBA Inc.
Maxxam Job #: B576434 QUALITY ASSURANCE REPORT Client Project #: ENVINDO3511-02.001
Report Date: 2015/05/13 Site Location:  CONDRA

Spiked Blank Method Blank RPD Reagent Blank
QC Batch Parameter Date % Recovery | QC Limits Value Units Value (%) QC Limits Value Units
4009777 D10-Acenaphthene 2015/05/09 102 33-124 78 % 79 %
4009777 D10-Phenanthrene 2015/05/09 101 39-123 77 % 80 %
4009777 D12-Chrysene 2015/05/09 94 37-121 70 % 77 %
4009777 D12-Perylene 2015/05/09 100 36-126 100 % 100 %
4009777 D8-Naphthalene 2015/05/09 96 22 -117 73 % 71 %
4014546 D10-Acenaphthene 2015/05/09 78 33-124 76 % 89 %
4014546 D10-Phenanthrene 2015/05/09 82 39-123 79 % 91 %
4014546 D12-Chrysene 2015/05/09 89 37-121 83 % 96 %
4014546 D12-Perylene 2015/05/09 100 36-126 100 % 100 %
4014546 D8-Naphthalene 2015/05/09 66 22 -117 62 % 75 %
4009777 Acenaphthene 2015/05/09 97 30-130 <0.0025 ug/g NC 35 <0.0025 ug/g
4009777 | Acenaphthylene 2015/05/09 96 30-130 <0.0025 ug/g NC 35 <0.0025 ug/g
4009777 Anthracene 2015/05/09 96 25-130 <0.0025 ug/g NC 35 <0.0025 ug/g
4009777 Benzo(a)anthracene 2015/05/09 89 30- 140 <0.0025 ug/g NC 35 <0.0025 ug/g
4009777 Benzo(a)pyrene 2015/05/09 96 30-130 <0.0050 ug/g NC 35 <0.0050 ug/g
4009777 Benzo(b)fluoranthene 2015/05/09 98 30-130 <0.0025 ug/g NC 35 <0.0025 ug/g
4009777 Benzo(g,h,i)perylene 2015/05/09 97 30-130 <0.0050 ug/g NC 35 <0.0050 ug/g
4009777 Benzo(k)fluoranthene 2015/05/09 97 30-130 <0.0025 ug/g NC 35 <0.0025 ug/g
4009777 Chrysene 2015/05/09 89 30-130 <0.0025 ug/g NC 35 <0.0025 ug/g
4009777 Dibenz(a,h)anthracene 2015/05/09 96 30-130 <0.0050 ug/g NC 35 <0.0050 ug/g
4009777 | Fluoranthene 2015/05/09 97 30-130 <0.0025 ug/g NC 35 <0.0025 ug/g
4009777 | Fluorene 2015/05/09 96 30-130 <0.0025 ug/g NC 35 <0.0025 ug/g
4009777 Indeno(1,2,3-cd)pyrene 2015/05/09 96 30-130 <0.0050 ug/g NC 35 <0.0050 ug/g
4009777 Naphthalene 2015/05/09 100 20-130 <0.0025 ug/g NC 35 <0.0025 ug/g
4009777 Phenanthrene 2015/05/09 98 30-130 <0.0025 ug/g NC 35 <0.0025 ug/g
4009777 Pyrene 2015/05/09 96 30-130 <0.0025 ug/g NC 35 <0.0025 ug/g
4014546 Acenaphthene 2015/05/09 77 30-130 <0.0025 ug/g NC 35 <0.0025 ug/g
4014546 | Acenaphthylene 2015/05/09 76 30-130 <0.0025 ug/g NC 35 <0.0025 ug/g
4014546 | Anthracene 2015/05/09 80 25-130 <0.0025 ug/g NC 35 <0.0025 ug/g
4014546 Benzo(a)anthracene 2015/05/09 92 30- 140 <0.0025 ug/g NC 35 <0.0025 ug/g
4014546 Benzo(a)pyrene 2015/05/09 87 30-130 <0.0050 ug/g NC 35 <0.0050 ug/g
4014546 Benzo(b)fluoranthene 2015/05/09 88 30-130 <0.0025 ug/g NC 35 <0.0025 ug/g
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A Bureau Verllas Group Company

Maxxam Job #: B576434
Report Date: 2015/05/13

QUALITY ASSURANCE REPORT(CONT'D)

Tetra Tech EBA Inc.

Client Project #: ENVINDO3511-02.001

Site Location: CONDRA
Spiked Blank Method Blank RPD Reagent Blank
QC Batch Parameter Date % Recovery | QC Limits Value Units Value (%) QC Limits Value Units
4014546 Benzo(g,h,i)perylene 2015/05/09 88 30-130 <0.0050 ug/g NC 35 <0.0050 ug/g
4014546 Benzo(k)fluoranthene 2015/05/09 88 30-130 <0.0025 ug/g NC 35 <0.0025 ug/g
4014546 Chrysene 2015/05/09 90 30-130 <0.0025 ug/g NC 35 <0.0025 ug/g
4014546 Dibenz(a,h)anthracene 2015/05/09 88 30-130 <0.0050 ug/g NC 35 <0.0050 ug/g
4014546 | Fluoranthene 2015/05/09 87 30-130 <0.0025 ug/g NC 35 <0.0025 ug/g
4014546 | Fluorene 2015/05/09 78 30-130 <0.0025 ug/g NC 35 <0.0025 ug/g
4014546 Indeno(1,2,3-cd)pyrene 2015/05/09 88 30-130 <0.0050 ug/g NC 35 <0.0050 ug/g
4014546 Naphthalene 2015/05/09 68 20-130 <0.0025 ug/g NC 35 <0.0025 ug/g
4014546 Phenanthrene 2015/05/09 84 30-130 <0.0025 ug/g NC 35 <0.0025 ug/g
4014546 Pyrene 2015/05/09 85 30-130 <0.0025 ug/g NC 35 <0.0025 ug/g

Duplicate: Paired analysis of a separate portion of the same sample. Used to evaluate the variance in the measurement.

Reagent Blank: A blank matrix containing all reagents used in the analytical procedure. Used to determine any analytical contamination.

Spiked Blank: A blank matrix sample to which a known amount of the analyte, usually from a second source, has been added. Used to evaluate method accuracy.

Method Blank: A blank matrix containing all reagents used in the analytical procedure. Used to identify laboratory contamination.

Surrogate: A pure or isotopically labeled compound whose behavior mirrors the analytes of interest. Used to evaluate extraction efficiency.

NC (Duplicate RPD): The duplicate RPD was not calculated. The concentration in the sample and/or duplicate was too low to permit a reliable RPD calculation (one or both samples < 5x RDL).
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A Bureau Verllas Group Company

Maxxam Job #: B576434 Tetra Tech EBA Inc.
Report Date: 2015/05/13 Client Project #: ENVINDO3511-02.001
Site Location: CONDRA

VALIDATION SIGNATURE PAGE

The analytical data and all QC contained in this report were reviewed and validated by the following individual(s).

3

T~
Heather White, Lab Supervisor

-

Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC
17025:2005(E), signing the reports. For Service Group specific validation please refer to the Validation Signature Page.
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DSl Statistical ProUCL Output

A | B | C D | E | F | G | H | I | J | K L

1 UCL Statistics for Data Sets with Non-Detects

2

3 User Selected Options

4 Date/Time of Computation 8/10/2015 7:18:04 AM

5 From File | proucl dsi.xls

6 Full Precision |OFF

7 Confidence Coefficient |95%

8 Number of Bootstrap Operations 2000

9

10

1 2-methylnaphthalene

12

13 General Statistics

14 Total Number of Observations| 28 Number of Distinct Observations| 26

15 Number of Missing Observations 0

16 Minimum 0.18 Mean 2.04
17 Maximum 6 Median 1.35
18 SD 1.67 Std. Error of Mean 0.316
19 Coefficient of Variation 0.819 Skewness 1.289
20

21 Normal GOF Test

29 Shapiro Wilk Test Statistic 0.827 Shapiro Wilk GOF Test

23 5% Shapiro Wilk Critical Value 0.924 Data Not Normal at 5% Significance Level

24 Lilliefors Test Statistic 0.212 Lilliefors GOF Test

o5 5% Lilliefors Critical Value 0.167 Data Not Normal at 5% Significance Level

26 Data Not Normal at 5% Significance Level

27

28 Assuming Normal Distribution

29 95% Normal UCL 95% UCLs (Adjusted for Skewness)

30 95% Student's-t UCL 2.578 95% Adjusted-CLT UCL (Chen-1995) 2.641
31 95% Modified-t UCL (Johnson-1978) 2.59
32

33 Gamma GOF Test

34 A-D Test Statistic 0.538 Anderson-Darling Gamma GOF Test

35 5% A-D Critical Value 0.76 Detected data appear Gamma Distributed at 5% Significance Level
36 K-S Test Statistic 0.127 Kolmogrov-Smirnoff Gamma GOF Test

37 5% K-S Critical Value 0.168 Detected data appear Gamma Distributed at 5% Significance Level
38 Detected data appear Gamma Distributed at 5% Significance Level

39
40 Gamma Statistics
41 k hat (MLE) 1.746 k star (bias corrected MLE) 1.583
42 Theta hat (MLE) 1.169 Theta star (bias corrected MLE) 1.289
43 nu hat (MLE),  97.76 nu star (bias corrected)  88.62
44 MLE Mean (bias corrected) 2.04 MLE Sd (bias corrected) 1.622
45 Approximate Chi Square Value (0.05)  67.92
46 Adjusted Level of Significance| 0.0404 Adjusted Chi Square Value  66.8
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47
48 Assuming Gamma Distribution
49 95% Approximate Gamma UCL (use when n>=50)‘ 2.662 ‘ 95% Adjusted Gamma UCL (use when n<50) ‘ 2.707
50
51 Lognormal GOF Test
50 Shapiro Wilk Test Statistic 0.97 Shapiro Wilk Lognormal GOF Test
53 5% Shapiro Wilk Critical Value 0.924 Data appear Lognormal at 5% Significance Level
54 Lilliefors Test Statistic.  0.0844 Lilliefors Lognormal GOF Test
55 5% Lilliefors Critical Value 0.167 Data appear Lognormal at 5% Significance Level
56 Data appear Lognormal at 5% Significance Level
57
58 Lognormal Statistics
59 Minimum of Logged Data| -1.715 Mean of logged Data 0.4
60 Maximum of Logged Data 1.792 SD of logged Data 0.833
61
62 Assuming Lognormal Distribution
63 95% H-UCL 3.033 90% Chebyshev (MVUE) UCL 3.163
64 95% Chebyshev (MVUE) UCL 3.655 97.5% Chebyshev (MVUE) UCL 4.338
65 99% Chebyshev (MVUE) UCL 5.679
66
67 Nonparametric Distribution Free UCL Statistics
68 Data appear to follow a Discernible Distribution at 5% Significance Level
69
70 Nonparametric Distribution Free UCLs
71 95% CLT UCL 2.559 95% Jackknife UCL 2.578
72 95% Standard Bootstrap UCL 2.562 95% Bootstrap-t UCL 2.693
73 95% Hall's Bootstrap UCL 2.61 95% Percentile Bootstrap UCL 2.585
74 95% BCA Bootstrap UCL 2.619
75 90% Chebyshev(Mean, Sd) UCL 2.987 95% Chebyshev(Mean, Sd) UCL 3.416
76 97.5% Chebyshev(Mean, Sd) UCL 4.011 99% Chebyshev(Mean, Sd) UCL 5.18
77
78 Suggested UCL to Use
79 95% Adjusted Gamma UCL 2.707
80
81 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
82 These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
83 and Singh and Singh (2003). However, simulations results will not cover all Real World data sets.
84 For additional insight the user may want to consult a statistician.
85

86




A | B | C | D | E | F G | H | I | J | K L
87 Acenaphthene
38
89 General Statistics
90 Total Number of Observations| 28 Number of Distinct Observations| 25
91 Number of Missing Observations 0
92 Minimum| 0.04 Mean 0.528
93 Maximum 1.1 Median 0.495
94 SD 0.27 Std. Error of Mean|  0.051
95 Coefficient of Variation 0.511 Skewness 0.301
96
97 Normal GOF Test
08 Shapiro Wilk Test Statistic 0.972 Shapiro Wilk GOF Test
99 5% Shapiro Wilk Critical Value 0.924 Data appear Normal at 5% Significance Level
100 Lilliefors Test Statistic 0.125 Lilliefors GOF Test
101 5% Lilliefors Critical Value 0.167 Data appear Normal at 5% Significance Level
102 Data appear Normal at 5% Significance Level
103
104 Assuming Normal Distribution
105 95% Normal UCL 95% UCLs (Adjusted for Skewness)
106 95% Student's-t UCL 0.615 95% Adjusted-CLT UCL (Chen-1995) 0.615
107 95% Modified-t UCL (Johnson-1978) 0.616
108
109 Gamma GOF Test
110 A-D Test Statistic 0.451 Anderson-Darling Gamma GOF Test
11 5% A-D Critical Value 0.754 Detected data appear Gamma Distributed at 5% Significance Level
112 K-S Test Statistic 0.144 Kolmogrov-Smirnoff Gamma GOF Test
113 5% K-S Critical Value 0.167 Detected data appear Gamma Distributed at 5% Significance Level
114 Detected data appear Gamma Distributed at 5% Significance Level
115
116 Gamma Statistics
117 k hat (MLE) 2.927 k star (bias corrected MLE) 2.637
118 Theta hat (MLE) 0.18 Theta star (bias corrected MLE) 0.2
119 nu hat (MLE) 163.9 nu star (bias corrected) 147.7
120 MLE Mean (bias corrected) 0.528 MLE Sd (bias corrected) 0.325
121 Approximate Chi Square Value (0.05) 120.6
122 Adjusted Level of Significance‘ 0.0404 Adjusted Chi Square Value 119.1
123
124 Assuming Gamma Distribution
125 95% Approximate Gamma UCL (use when n>=50))‘ 0.647 95% Adjusted Gamma UCL (use when n<50) 0.655

126
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127 Lognormal GOF Test
128 Shapiro Wilk Test Statistic 0.873 Shapiro Wilk Lognormal GOF Test
129 5% Shapiro Wilk Critical Value 0.924 Data Not Lognormal at 5% Significance Level
130 Lilliefors Test Statistic 0.179 Lilliefors Lognormal GOF Test
131 5% Lilliefors Critical Value 0.167 Data Not Lognormal at 5% Significance Level
132 Data Not Lognormal at 5% Significance Level
133
134 Lognormal Statistics
135 Minimum of Logged Data| -3.219 Mean of logged Data, -0.819
136 Maximum of Logged Data|  0.0953 SD of logged Data 0.711
137
138 Assuming Lognormal Distribution
139 95% H-UCL 0.76 90% Chebyshev (MVUE) UCL 0.806
140 95% Chebyshev (MVUE) UCL 0.917 97.5% Chebyshev (MVUE) UCL 1.071
141 99% Chebyshev (MVUE) UCL 1.374
142
143 Nonparametric Distribution Free UCL Statistics
144 Data appear to follow a Discernible Distribution at 5% Significance Level
145
146 Nonparametric Distribution Free UCLs
147 95% CLT UCL 0.612 95% Jackknife UCL 0.615
148 95% Standard Bootstrap UCL 0.61 95% Bootstrap-t UCL 0.62
149 95% Hall's Bootstrap UCL 0.616 95% Percentile Bootstrap UCL 0.607
150 95% BCA Bootstrap UCL 0.616
151 90% Chebyshev(Mean, Sd) UCL 0.681 95% Chebyshev(Mean, Sd) UCL 0.751
152 97.5% Chebyshev(Mean, Sd) UCL 0.847 99% Chebyshev(Mean, Sd) UCL 1.036
153
154 Suggested UCL to Use
155 95% Student's-t UCL 0.615
156
157 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
158 These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
159 and Singh and Singh (2003). However, simulations results will not cover all Real World data sets.
160 For additional insight the user may want to consult a statistician.
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162 Acenaphthylene
163
164 General Statistics
165 Total Number of Observations| 28 Number of Distinct Observations 14
166 Number of Detects| 10 Number of Non-Detects 18
167 Number of Distinct Detects 9 Number of Distinct Non-Detects 5
168 Minimum Detect| 0.034 Minimum Non-Detect|  0.01
169 Maximum Detect 0.16 Maximum Non-Detect 0.2
170 Variance Detects| 0.00263 Percent Non-Detects| 64.29%
171 Mean Detects| 0.0806 SD Detects| 0.0513
172 Median Detects|  0.059 CV Detects 0.636
173 Skewness Detects 0.896 Kurtosis Detects| -1.227
174 Mean of Logged Detects| -2.688 SD of Logged Detects 0.601
175
176 Normal GOF Test on Detects Only
177 Shapiro Wilk Test Statistic 0.768 Shapiro Wilk GOF Test
178 5% Shapiro Wilk Critical Value 0.842 Detected Data Not Normal at 5% Significance Level
179 Lilliefors Test Statistic 0.327 Lilliefors GOF Test
180 5% Lilliefors Critical Value 0.28 Detected Data Not Normal at 5% Significance Level
181 Detected Data Not Normal at 5% Significance Level
182
183 Kaplan-Meier (KM) Statistics using Normal Critical Values and other Nonparametric UCLs
184 Mean| 0.0493 Standard Error of Mean| 0.00931
185 SD  0.0404 95% KM (BCA) UCL|  0.065
186 95% KM (t) UCL|  0.0651 95% KM (Percentile Bootstrap) UCL|  0.0655
187 95% KM (z) UCL| 0.0646 95% KM Bootstrapt UCL|  0.0691
188 90% KM Chebyshev UCL|  0.0772 95% KM Chebyshev UCL ~ 0.0898
189 97.5% KM Chebyshev UCL 0.107 99% KM Chebyshev UCL 0.142
190
191 Gamma GOF Tests on Detected Observations Only
192 A-D Test Statistic 0.839 Anderson-Darling GOF Test
193 5% A-D Critical Value 0.732 Detected Data Not Gamma Distributed at 5% Significance Level
194 K-S Test Statistic 0.278 Kolmogrov-Smirnoff GOF
195 5% K-S Critical Value 0.268 Detected Data Not Gamma Distributed at 5% Significance Level
196 Detected Data Not Gamma Distributed at 5% Significance Level
197
198 Gamma Statistics on Detected Data Only
199 k hat (MLE) 3.105 k star (bias corrected MLE) 2.24
200 Theta hat (MLE),  0.026 Theta star (bias corrected MLE)  0.036
201 nu hat (MLE),  62.09 nu star (bias corrected)  44.8
202 MLE Mean (bias corrected)|  0.0806 MLE Sd (bias corrected)  0.0539
203
204 Gamma Kaplan-Meier (KM) Statistics
205 k hat (KM) 1.485 nu hat (KM)|  83.15
206 Approximate Chi Square Value (83.15,a)  63.13 Adjusted Chi Square Value (83.15, )  62.06
207 95% Gamma Approximate KM-UCL (use when n>=50)  0.0649 95% Gamma Adjusted KM-UCL (use when n<50)  0.066
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Gamma ROS Statistics using Imputed Non-Detects

2(1)2 GROS may not be used when data set has > 50% NDs with many tied observations at multiple DLs

211 GROS may not be used when kstar of detected data is small such as < 0.1

212 For such situations, GROS method tends to yield inflated values of UCLs and BTVs

213 For gamma distributed detected data, BTVs and UCLs may be computed using gamma distribution on KM estimates

214 Minimum| 0.01 Mean| 0.0441
215 Maximum 0.16 Median| 0.0337
216 SD  0.0424 cv 0.963
217 k hat (MLE) 1.491 k star (bias corrected MLE) 1.355
218 Theta hat (MLE),  0.0296 Theta star (bias corrected MLE) | 0.0325
219 nu hat (MLE),  83.52 nu star (bias corrected)  75.9
220 MLE Mean (bias corrected)|  0.0441 MLE Sd (bias corrected)  0.0379
291 Adjusted Level of Significance ()  0.0404
299 Approximate Chi Square Value (75.90, a)  56.83 Adjusted Chi Square Value (75.90, )  55.81
293 95% Gamma Approximate UCL (use when n>=50)|  0.0589 95% Gamma Adjusted UCL (use when n<50)  0.0599
224

295 Lognormal GOF Test on Detected Observations Only

296 Shapiro Wilk Test Statistic 0.855 Shapiro Wilk GOF Test

297 5% Shapiro Wilk Critical Value 0.842 Detected Data appear Lognormal at 5% Significance Level

208 Lilliefors Test Statistic 0.24 Lilliefors GOF Test

299 5% Lilliefors Critical Value 0.28 Detected Data appear Lognormal at 5% Significance Level

230 Detected Data appear Lognormal at 5% Significance Level

231

232 Lognormal ROS Statistics Using Imputed Non-Detects

233 Mean in Original Scale,  0.0485 Mean in Log Scale| -3.261
234 SD in Original Scale|  0.0397 SD in Log Scale 0.665
235 95% t UCL (assumes normality of ROS data)| 0.0612 95% Percentile Bootstrap UCL | 0.0619
236 95% BCA Bootstrap UCL|  0.0639 95% Bootstrapt UCL|  0.0671
237 95% H-UCL (Log ROS)  0.0625

238

239 UCLs using Lognormal Distribution and KM Estimates when Detected data are Lognormally Distributed

240 KM Mean (logged)  -3.292 95% H-UCL (KM -Log) ~ 0.0685
241 KM SD (logged) 0.762 95% Critical H Value (KM-Log) 2.185
242 KM Standard Error of Mean (logged) 0.248

243

244 DL/2 Statistics

245 DL/2 Normal DL/2 Log-Transformed

246 Mean in Original Scale,  0.0509 Mean in Log Scale| -3.248
247 SD in Original Scale|  0.0423 SD in Log Scale 0.745
248 95% t UCL (Assumes normality)|  0.0645 95% H-Stat UCL|  0.0699
249 DL/2 is not a recommended method, provided for comparisons and historical reasons

250

251 Nonparametric Distribution Free UCL Statistics

252 Detected Data appear Lognormal Distributed at 5% Significance Level

253

254 Suggested UCL to Use

255 95% KM (t) UCL|  0.0651 95% KM (% Bootstrap) UCL|  0.0655
256

257 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

258 Recommendations are based upon data size, data distribution, and skewness.

259 These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

260 However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.
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262
263 Anthracene
264
265 General Statistics
266 Total Number of Observations| 28 Number of Distinct Observations| 23
267 Number of Missing Observations 0
268 Minimum| 0.03 Mean 0.575
269 Maximum 1.7 Median 0.42
270 SD 0.452 Std. Error of Mean|  0.0855
271 Coefficient of Variation 0.787 Skewness 1.231
272
273 Normal GOF Test
274 Shapiro Wilk Test Statistic 0.859 Shapiro Wilk GOF Test
275 5% Shapiro Wilk Critical Value 0.924 Data Not Normal at 5% Significance Level
276 Lilliefors Test Statistic 0.193 Lilliefors GOF Test
277 5% Lilliefors Critical Value 0.167 Data Not Normal at 5% Significance Level
278 Data Not Normal at 5% Significance Level
279
280 Assuming Normal Distribution
281 95% Normal UCL 95% UCLs (Adjusted for Skewness)
282 95% Student's-t UCL 0.72 95% Adjusted-CLT UCL (Chen-1995) 0.737
283 95% Modified-t UCL (Johnson-1978) 0.724
284
285 Gamma GOF Test
286 A-D Test Statistic 0.29 Anderson-Darling Gamma GOF Test
287 5% A-D Critical Value 0.761 Detected data appear Gamma Distributed at 5% Significance Level
288 K-S Test Statistic|  0.0945 Kolmogrov-Smirnoff Gamma GOF Test
289 5% K-S Critical Value 0.168 Detected data appear Gamma Distributed at 5% Significance Level
290 Detected data appear Gamma Distributed at 5% Significance Level
291
292 Gamma Statistics
293 k hat (MLE) 1.661 k star (bias corrected MLE) 1.506
294 Theta hat (MLE) 0.346 Theta star (bias corrected MLE) 0.381
295 nu hat (MLE),  92.99 nu star (bias corrected)  84.36
296 MLE Mean (bias corrected) 0.575 MLE Sd (bias corrected) 0.468
297 Approximate Chi Square Value (0.05)  64.19
298 Adjusted Level of Significance| 0.0404 Adjusted Chi Square Value,  63.1
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Assuming Gamma Distribution

22? 95% Approximate Gamma UCL (use when n>=50)‘ 0.755 ‘ 95% Adjusted Gamma UCL (use when n<50) ‘ 0.768
302

303 Lognormal GOF Test

304 Shapiro Wilk Test Statistic 0.947 Shapiro Wilk Lognormal GOF Test

305 5% Shapiro Wilk Critical Value 0.924 Data appear Lognormal at 5% Significance Level

306 Lilliefors Test Statistic 0.118 Lilliefors Lognormal GOF Test

307 5% Lilliefors Critical Value 0.167 Data appear Lognormal at 5% Significance Level

308 Data appear Lognormal at 5% Significance Level

309

310 Lognormal Statistics

311 Minimum of Logged Data| -3.507 Mean of logged Data| -0.884
312 Maximum of Logged Data 0.531 SD of logged Data 0.915
313

314 Assuming Lognormal Distribution

315 95% H-UCL 0.95 90% Chebyshev (MVUE) UCL 0.974
316 95% Chebyshev (MVUE) UCL 1.136 97.5% Chebyshev (MVUE) UCL 1.362
317 99% Chebyshev (MVUE) UCL 1.805

318

319 Nonparametric Distribution Free UCL Statistics

320 Data appear to follow a Discernible Distribution at 5% Significance Level

321

322 Nonparametric Distribution Free UCLs

393 95% CLT UCL 0.715 95% Jackknife UCL 0.72
394 95% Standard Bootstrap UCL 0.714 95% Bootstrap-t UCL 0.76
395 95% Hall's Bootstrap UCL 0.734 95% Percentile Bootstrap UCL 0.707
396 95% BCA Bootstrap UCL 0.736

397 90% Chebyshev(Mean, Sd) UCL 0.831 95% Chebyshev(Mean, Sd) UCL 0.947
398 97.5% Chebyshev(Mean, Sd) UCL 1.109 99% Chebyshev(Mean, Sd) UCL 1.425
329

330 Suggested UCL to Use

331 95% Adjusted Gamma UCL 0.768

332

333 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

334 These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)

335 and Singh and Singh (2003). However, simulations results will not cover all Real World data sets.

336 For additional insight the user may want to consult a statistician.

337
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339 Benz(a)anthracene
340
341 General Statistics
342 Total Number of Observations| 28 Number of Distinct Observations| 25
343 Number of Missing Observations 0
344 Minimum| 0.03 Mean 0.56
345 Maximum 1.9 Median 0.435
346 SD 0.429 Std. Error of Mean|  0.081
347 Coefficient of Variation 0.766 Skewness 1.48
348
349 Normal GOF Test
350 Shapiro Wilk Test Statistic 0.875 Shapiro Wilk GOF Test
351 5% Shapiro Wilk Critical Value 0.924 Data Not Normal at 5% Significance Level
350 Lilliefors Test Statistic 0.208 Lilliefors GOF Test
353 5% Lilliefors Critical Value 0.167 Data Not Normal at 5% Significance Level
354 Data Not Normal at 5% Significance Level
355
356 Assuming Normal Distribution
357 95% Normal UCL 95% UCLs (Adjusted for Skewness)
358 95% Student's-t UCL 0.698 95% Adjusted-CLT UCL (Chen-1995) 0.718
359 95% Modified-t UCL (Johnson-1978) 0.702
360
361 Gamma GOF Test
362 A-D Test Statistic 0.291 Anderson-Darling Gamma GOF Test
363 5% A-D Critical Value 0.76 Detected data appear Gamma Distributed at 5% Significance Level
364 K-S Test Statistic 0.115 Kolmogrov-Smirnoff Gamma GOF Test
365 5% K-S Critical Value 0.168 Detected data appear Gamma Distributed at 5% Significance Level
366 Detected data appear Gamma Distributed at 5% Significance Level
367
368 Gamma Statistics
369 k hat (MLE) 1.732 k star (bias corrected MLE) 1.57
370 Theta hat (MLE) 0.323 Theta star (bias corrected MLE) 0.357
371 nu hat (MLE),  96.98 nu star (bias corrected)  87.93
372 MLE Mean (bias corrected) 0.56 MLE Sd (bias corrected) 0.447
373 Approximate Chi Square Value (0.05)  67.31
374 Adjusted Level of Significance‘ 0.0404 Adjusted Chi Square Value  66.19
375
376 Assuming Gamma Distribution
377 95% Approximate Gamma UCL (use when n>=50)‘ 0.732 95% Adjusted Gamma UCL (use when n<50) 0.744

378




| B | ¢ | o [T e [T °fF T & T[T v T v T g T « T L
379 Lognormal GOF Test
380 Shapiro Wilk Test Statistic 0.937 Shapiro Wilk Lognormal GOF Test
381 5% Shapiro Wilk Critical Value 0.924 Data appear Lognormal at 5% Significance Level
382 Lilliefors Test Statistic 0.166 Lilliefors Lognormal GOF Test
383 5% Lilliefors Critical Value 0.167 Data appear Lognormal at 5% Significance Level
384 Data appear Lognormal at 5% Significance Level
385
386 Lognormal Statistics
387 Minimum of Logged Data| -3.507 Mean of logged Data| -0.895
388 Maximum of Logged Data 0.642 SD of logged Data 0.909
389
390 Assuming Lognormal Distribution
391 95% H-UCL 0.931 90% Chebyshev (MVUE) UCL 0.955
392 95% Chebyshev (MVUE) UCL 1.114 97.5% Chebyshev (MVUE) UCL 1.334
393 99% Chebyshev (MVUE) UCL 1.767
394
395 Nonparametric Distribution Free UCL Statistics
396 Data appear to follow a Discernible Distribution at 5% Significance Level
397
398 Nonparametric Distribution Free UCLs
399 95% CLT UCL 0.693 95% Jackknife UCL 0.698
400 95% Standard Bootstrap UCL 0.689 95% Bootstrap-t UCL 0.735
401 95% Hall's Bootstrap UCL 0.755 95% Percentile Bootstrap UCL 0.701
402 95% BCA Bootstrap UCL 0.722
403 90% Chebyshev(Mean, Sd) UCL 0.803 95% Chebyshev(Mean, Sd) UCL 0.913
404 97.5% Chebyshev(Mean, Sd) UCL 1.066 99% Chebyshev(Mean, Sd) UCL 1.366
405
406 Suggested UCL to Use
407 95% Adjusted Gamma UCL 0.744
408
409 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
410 These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
411 and Singh and Singh (2003). However, simulations results will not cover all Real World data sets.
412 For additional insight the user may want to consult a statistician.
413
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415 Chrysene
416
417 General Statistics
418 Total Number of Observations| 28 Number of Distinct Observations| 26
419 Number of Missing Observations 0
420 Minimum| 0.03 Mean 0.765
421 Maximum 29 Median 0.48
422 SD 0.718 Std. Error of Mean 0.136
423 Coefficient of Variation 0.938 Skewness 1.677
424
425 Normal GOF Test
426 Shapiro Wilk Test Statistic 0.802 Shapiro Wilk GOF Test
427 5% Shapiro Wilk Critical Value 0.924 Data Not Normal at 5% Significance Level
498 Lilliefors Test Statistic 0.209 Lilliefors GOF Test
429 5% Lilliefors Critical Value 0.167 Data Not Normal at 5% Significance Level
430 Data Not Normal at 5% Significance Level
431
432 Assuming Normal Distribution
433 95% Normal UCL 95% UCLs (Adjusted for Skewness)
434 95% Student's-t UCL 0.997 95% Adjusted-CLT UCL (Chen-1995) 1.035
435 95% Modified-t UCL (Johnson-1978) 1.004
436
437 Gamma GOF Test
438 A-D Test Statistic 0.431 Anderson-Darling Gamma GOF Test
439 5% A-D Critical Value 0.767 Detected data appear Gamma Distributed at 5% Significance Level
440 K-S Test Statistic 0.11 Kolmogrov-Smirnoff Gamma GOF Test
441 5% K-S Critical Value 0.169 Detected data appear Gamma Distributed at 5% Significance Level
442 Detected data appear Gamma Distributed at 5% Significance Level
443
444 Gamma Statistics
445 k hat (MLE) 1.302 k star (bias corrected MLE) 1.186
446 Theta hat (MLE) 0.588 Theta star (bias corrected MLE) 0.645
447 nu hat (MLE),  72.89 nu star (bias corrected)  66.42
448 MLE Mean (bias corrected) 0.765 MLE Sd (bias corrected) 0.703
449 Approximate Chi Square Value (0.05)  48.66
450 Adjusted Level of Significance| 0.0404 Adjusted Chi Square Value K  47.72
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452 Assuming Gamma Distribution
453 95% Approximate Gamma UCL (use when n>=50)‘ 1.045 ‘ 95% Adjusted Gamma UCL (use when n<50) ‘ 1.065
454
455 Lognormal GOF Test
456 Shapiro Wilk Test Statistic 0.95 Shapiro Wilk Lognormal GOF Test
457 5% Shapiro Wilk Critical Value 0.924 Data appear Lognormal at 5% Significance Level
458 Lilliefors Test Statistic 0.164 Lilliefors Lognormal GOF Test
459 5% Lilliefors Critical Value 0.167 Data appear Lognormal at 5% Significance Level
460 Data appear Lognormal at 5% Significance Level
461
462 Lognormal Statistics
463 Minimum of Logged Data| -3.507 Mean of logged Data| -0.698
464 Maximum of Logged Data 1.065 SD of logged Data 1.043
465
466 Assuming Lognormal Distribution
467 95% H-UCL 1.417 90% Chebyshev (MVUE) UCL 1.401
468 95% Chebyshev (MVUE) UCL 1.658 97.5% Chebyshev (MVUE) UCL 2.015
469 99% Chebyshev (MVUE) UCL 2.716
470
471 Nonparametric Distribution Free UCL Statistics
472 Data appear to follow a Discernible Distribution at 5% Significance Level
473
474 Nonparametric Distribution Free UCLs
475 95% CLT UCL 0.989 95% Jackknife UCL 0.997
476 95% Standard Bootstrap UCL 0.987 95% Bootstrap-t UCL 1.064
477 95% Hall's Bootstrap UCL 1.065 95% Percentile Bootstrap UCL 1
478 95% BCA Bootstrap UCL 1.025
479 90% Chebyshev(Mean, Sd) UCL 1.173 95% Chebyshev(Mean, Sd) UCL 1.357
480 97.5% Chebyshev(Mean, Sd) UCL 1.613 99% Chebyshev(Mean, Sd) UCL 2.116
481
482 Suggested UCL to Use
483 95% Adjusted Gamma UCL 1.065
484
485 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
486 These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
487 and Singh and Singh (2003). However, simulations results will not cover all Real World data sets.
488 For additional insight the user may want to consult a statistician.
489

490
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491 Fluoranthene
492
493 General Statistics
494 Total Number of Observations| 28 Number of Distinct Observations| 24
495 Number of Missing Observations 0
496 Minimum 0.12 Mean 2.941
497 Maximum 17 Median 1.6
498 SD 3.676 Std. Error of Mean 0.695
499 Coefficient of Variation 1.25 Skewness 2.693
500
501 Normal GOF Test
502 Shapiro Wilk Test Statistic 0.658 Shapiro Wilk GOF Test
503 5% Shapiro Wilk Critical Value 0.924 Data Not Normal at 5% Significance Level
504 Lilliefors Test Statistic 0.293 Lilliefors GOF Test
505 5% Lilliefors Critical Value 0.167 Data Not Normal at 5% Significance Level
506 Data Not Normal at 5% Significance Level
507
508 Assuming Normal Distribution
509 95% Normal UCL 95% UCLs (Adjusted for Skewness)
510 95% Student's-t UCL 4124 95% Adjusted-CLT UCL (Chen-1995) 4.462
511 95% Modified-t UCL (Johnson-1978) 4.183
512
513 Gamma GOF Test
514 A-D Test Statistic 0.826 Anderson-Darling Gamma GOF Test
515 5% A-D Critical Value 0.772 Data Not Gamma Distributed at 5% Significance Level
516 K-S Test Statistic 0.17 Kolmogrov-Smirnoff Gamma GOF Test
517 5% K-S Critical Value 0.17 Data Not Gamma Distributed at 5% Significance Level
518 Data Not Gamma Distributed at 5% Significance Level
519
520 Gamma Statistics
591 k hat (MLE) 1.083 k star (bias corrected MLE) 0.991
592 Theta hat (MLE) 2.716 Theta star (bias corrected MLE) 2.969
523 nu hat (MLE),  60.65 nu star (bias corrected)  55.48
594 MLE Mean (bias corrected) 2.941 MLE Sd (bias corrected) 2.955
595 Approximate Chi Square Value (0.05)  39.36
596 Adjusted Level of Significance‘ 0.0404 Adjusted Chi Square Value '  38.52
527
508 Assuming Gamma Distribution
599 95% Approximate Gamma UCL (use when n>=50))‘ 4.145 95% Adjusted Gamma UCL (use when n<50) 4.236
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Lognormal GOF Test

:; Shapiro Wilk Test Statistic 0.976 Shapiro Wilk Lognormal GOF Test

533 5% Shapiro Wilk Critical Value 0.924 Data appear Lognormal at 5% Significance Level

534 Lilliefors Test Statistic 0.103 Lilliefors Lognormal GOF Test

535 5% Lilliefors Critical Value 0.167 Data appear Lognormal at 5% Significance Level

536 Data appear Lognormal at 5% Significance Level

537

538 Lognormal Statistics

539 Minimum of Logged Data| -2.12 Mean of logged Data 0.551
540 Maximum of Logged Data 2.833 SD of logged Data 1.061
541

542 Assuming Lognormal Distribution

543 95% H-UCL 5.105 90% Chebyshev (MVUE) UCL 5.014
544 95% Chebyshev (MVUE) UCL 5.946 97.5% Chebyshev (MVUE) UCL 7.24

545 99% Chebyshev (MVUE) UCL 9.782

546

547 Nonparametric Distribution Free UCL Statistics

548 Data appear to follow a Discernible Distribution at 5% Significance Level

549

550 Nonparametric Distribution Free UCLs

551 95% CLT UCL 4.084 95% Jackknife UCL 4124
552 95% Standard Bootstrap UCL 4.058 95% Bootstrap-t UCL 5.069
553 95% Hall's Bootstrap UCL 5.757 95% Percentile Bootstrap UCL 4.129
554 95% BCA Bootstrap UCL 4.618

555 90% Chebyshev(Mean, Sd) UCL 5.025 95% Chebyshev(Mean, Sd) UCL 5.97

556 97.5% Chebyshev(Mean, Sd) UCL 7.28 99% Chebyshev(Mean, Sd) UCL 9.854
557

558 Suggested UCL to Use

559 95% H-UCL 5.105

560

561 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

562 These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)

563 and Singh and Singh (2003). However, simulations results will not cover all Real World data sets.

564 For additional insight the user may want to consult a statistician.

565

566 ProUCL computes and outputs H-statistic based UCLs for historical reasons only.

567 H-statistic often results in unstable (both high and low) values of UCL95 as shown in examples in the Technical Guide.

568 It is therefore recommended to avoid the use of H-statistic based 95% UCLs.

569 Use of nonparametric methods are preferred to compute UCL95 for skewed data sets which do not follow a gamma distribution.

570
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572 Fluorene
573
574 General Statistics
575 Total Number of Observations| 28 Number of Distinct Observations| 23
576 Number of Missing Observations 0
577 Minimum| 0.04 Mean 0.528
578 Maximum 1.2 Median 0.475
579 SD 0.305 Std. Error of Mean|  0.0576
580 Coefficient of Variation 0.578 Skewness 0.781
581
582 Normal GOF Test
583 Shapiro Wilk Test Statistic 0.931 Shapiro Wilk GOF Test
584 5% Shapiro Wilk Critical Value 0.924 Data appear Normal at 5% Significance Level
585 Lilliefors Test Statistic 0.13 Lilliefors GOF Test
586 5% Lilliefors Critical Value 0.167 Data appear Normal at 5% Significance Level
587 Data appear Normal at 5% Significance Level
588
589 Assuming Normal Distribution
590 95% Normal UCL 95% UCLs (Adjusted for Skewness)
591 95% Student's-t UCL 0.626 95% Adjusted-CLT UCL (Chen-1995) 0.631
592 95% Modified-t UCL (Johnson-1978) 0.627
593
594 Gamma GOF Test
595 A-D Test Statistic 0.409 Anderson-Darling Gamma GOF Test
596 5% A-D Critical Value 0.756 Detected data appear Gamma Distributed at 5% Significance Level
597 K-S Test Statistic 0.146 Kolmogrov-Smirnoff Gamma GOF Test
598 5% K-S Critical Value 0.167 Detected data appear Gamma Distributed at 5% Significance Level
599 Detected data appear Gamma Distributed at 5% Significance Level
600
601 Gamma Statistics
602 k hat (MLE) 2.56 k star (bias corrected MLE) 2.309
603 Theta hat (MLE) 0.206 Theta star (bias corrected MLE) 0.228
604 nu hat (MLE) 143.3 nu star (bias corrected) 129.3
605 MLE Mean (bias corrected) 0.528 MLE Sd (bias corrected) 0.347
606 Approximate Chi Square Value (0.05) 104
607 Adjusted Level of Significance| 0.0404 Adjusted Chi Square Value 102.6
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Assuming Gamma Distribution

:?2 95% Approximate Gamma UCL (use when n>=50))‘ 0.656 ‘ 95% Adjusted Gamma UCL (use when n<50) ‘ 0.665
611

612 Lognormal GOF Test

613 Shapiro Wilk Test Statistic 0.895 Shapiro Wilk Lognormal GOF Test

614 5% Shapiro Wilk Critical Value 0.924 Data Not Lognormal at 5% Significance Level

615 Lilliefors Test Statistic 0.194 Lilliefors Lognormal GOF Test

616 5% Lilliefors Critical Value 0.167 Data Not Lognormal at 5% Significance Level

617 Data Not Lognormal at 5% Significance Level

618

619 Lognormal Statistics

620 Minimum of Logged Data| -3.219 Mean of logged Data|  -0.847
621 Maximum of Logged Data 0.182 SD of logged Data 0.75
622

623 Assuming Lognormal Distribution

624 95% H-UCL 0.777 90% Chebyshev (MVUE) UCL 0.82
625 95% Chebyshev (MVUE) UCL 0.938 97.5% Chebyshev (MVUE) UCL 1.101
626 99% Chebyshev (MVUE) UCL 1.422

627

628 Nonparametric Distribution Free UCL Statistics

629 Data appear to follow a Discernible Distribution at 5% Significance Level

630

631 Nonparametric Distribution Free UCLs

632 95% CLT UCL 0.622 95% Jackknife UCL 0.626
633 95% Standard Bootstrap UCL 0.62 95% Bootstrap-t UCL 0.631
634 95% Hall's Bootstrap UCL 0.644 95% Percentile Bootstrap UCL 0.625
635 95% BCA Bootstrap UCL 0.628

636 90% Chebyshev(Mean, Sd) UCL 0.7 95% Chebyshev(Mean, Sd) UCL 0.779
637 97.5% Chebyshev(Mean, Sd) UCL 0.887 99% Chebyshev(Mean, Sd) UCL 1.101
638

639 Suggested UCL to Use

640 95% Student's-t UCL 0.626

641

642 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

643 These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)

644 and Singh and Singh (2003). However, simulations results will not cover all Real World data sets.

645 For additional insight the user may want to consult a statistician.

646
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648 Naphthalene
649
650 General Statistics
651 Total Number of Observations| 28 Number of Distinct Observations| 23
652 Number of Missing Observations 0
653 Minimum 0.16 Mean 1.4
654 Maximum 3.6 Median 1.05
655 SD 0.947 Std. Error of Mean 0.179
656 Coefficient of Variation 0.676 Skewness 1.038
657
658 Normal GOF Test
659 Shapiro Wilk Test Statistic 0.88 Shapiro Wilk GOF Test
660 5% Shapiro Wilk Critical Value 0.924 Data Not Normal at 5% Significance Level
661 Lilliefors Test Statistic 0.196 Lilliefors GOF Test
662 5% Lilliefors Critical Value 0.167 Data Not Normal at 5% Significance Level
663 Data Not Normal at 5% Significance Level
664
665 Assuming Normal Distribution
666 95% Normal UCL 95% UCLs (Adjusted for Skewness)
667 95% Student's-t UCL 1.705 95% Adjusted-CLT UCL (Chen-1995) 1.732
668 95% Modified-t UCL (Johnson-1978) 1.711
669
670 Gamma GOF Test
671 A-D Test Statistic 0.355 Anderson-Darling Gamma GOF Test
672 5% A-D Critical Value 0.757 Detected data appear Gamma Distributed at 5% Significance Level
673 K-S Test Statistic 0.123 Kolmogrov-Smirnoff Gamma GOF Test
674 5% K-S Critical Value 0.167 Detected data appear Gamma Distributed at 5% Significance Level
675 Detected data appear Gamma Distributed at 5% Significance Level
676
677 Gamma Statistics
678 k hat (MLE) 2.333 k star (bias corrected MLE) 2.107
679 Theta hat (MLE) 0.6 Theta star (bias corrected MLE) 0.664
680 nu hat (MLE) 130.7 nu star (bias corrected) 118
681 MLE Mean (bias corrected) 14 MLE Sd (bias corrected) 0.964
682 Approximate Chi Square Value (0.05)  93.92
683 Adjusted Level of Significance‘ 0.0404 Adjusted Chi Square Value, 92.6
684
685 Assuming Gamma Distribution
686 95% Approximate Gamma UCL (use when n>=50)‘ 1.759 95% Adjusted Gamma UCL (use when n<50) 1.784

687
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688 Lognormal GOF Test
689 Shapiro Wilk Test Statistic 0.966 Shapiro Wilk Lognormal GOF Test
690 5% Shapiro Wilk Critical Value 0.924 Data appear Lognormal at 5% Significance Level
691 Lilliefors Test Statistic.  0.0779 Lilliefors Lognormal GOF Test
692 5% Lilliefors Critical Value 0.167 Data appear Lognormal at 5% Significance Level
693 Data appear Lognormal at 5% Significance Level
694
695 Lognormal Statistics
696 Minimum of Logged Data| -1.833 Mean of logged Data 0.107
697 Maximum of Logged Data 1.281 SD of logged Data 0.725
698
699 Assuming Lognormal Distribution
700 95% H-UCL 1.955 90% Chebyshev (MVUE) UCL 2.07
701 95% Chebyshev (MVUE) UCL 2.359 97.5% Chebyshev (MVUE) UCL 2.761
702 99% Chebyshev (MVUE) UCL 3.549
703
704 Nonparametric Distribution Free UCL Statistics
705 Data appear to follow a Discernible Distribution at 5% Significance Level
706
707 Nonparametric Distribution Free UCLs
708 95% CLT UCL 1.694 95% Jackknife UCL 1.705
709 95% Standard Bootstrap UCL 1.686 95% Bootstrap-t UCL 1.734
710 95% Hall's Bootstrap UCL 1.741 95% Percentile Bootstrap UCL 1.699
711 95% BCA Bootstrap UCL 1.715
712 90% Chebyshev(Mean, Sd) UCL 1.937 95% Chebyshev(Mean, Sd) UCL 2.18
713 97.5% Chebyshev(Mean, Sd) UCL 2.517 99% Chebyshev(Mean, Sd) UCL 3.18
714
715 Suggested UCL to Use
716 95% Adjusted Gamma UCL 1.784
717
718 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
719 These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
720 and Singh and Singh (2003). However, simulations results will not cover all Real World data sets.
721 For additional insight the user may want to consult a statistician.
722
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724 Phenanthrene
725
796 General Statistics
797 Total Number of Observations| 28 Number of Distinct Observations| 24
798 Number of Missing Observations 0
729 Minimum 0.1 Mean 1.8
730 Maximum 7.4 Median 1.3
731 SD 1.603 Std. Error of Mean 0.303
732 Coefficient of Variation 0.891 Skewness 2.097
733
734 Normal GOF Test
735 Shapiro Wilk Test Statistic 0.788 Shapiro Wilk GOF Test
736 5% Shapiro Wilk Critical Value 0.924 Data Not Normal at 5% Significance Level
737 Lilliefors Test Statistic 0.225 Lilliefors GOF Test
738 5% Lilliefors Critical Value 0.167 Data Not Normal at 5% Significance Level
739 Data Not Normal at 5% Significance Level
740
741 Assuming Normal Distribution
742 95% Normal UCL 95% UCLs (Adjusted for Skewness)
743 95% Student's-t UCL 2.316 95% Adjusted-CLT UCL (Chen-1995) 2.426
744 95% Modified-t UCL (Johnson-1978) 2.336
745
746 Gamma GOF Test
747 A-D Test Statistic 0.383 Anderson-Darling Gamma GOF Test
748 5% A-D Critical Value 0.762 Detected data appear Gamma Distributed at 5% Significance Level
749 K-S Test Statistic 0.119 Kolmogrov-Smirnoff Gamma GOF Test
750 5% K-S Critical Value 0.168 Detected data appear Gamma Distributed at 5% Significance Level
751 Detected data appear Gamma Distributed at 5% Significance Level
752
753 Gamma Statistics
754 k hat (MLE) 1.597 k star (bias corrected MLE) 1.45
755 Theta hat (MLE) 1.127 Theta star (bias corrected MLE) 1.241
756 nu hat (MLE),  89.43 nu star (bias corrected)  81.18
757 MLE Mean (bias corrected) 1.8 MLE Sd (bias corrected) 1.495
758 Approximate Chi Square Value (0.05)  61.42
759 Adjusted Level of Significance| 0.0404 Adjusted Chi Square Value,  60.35
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760
761 Assuming Gamma Distribution
762 95% Approximate Gamma UCL (use when n>=50)‘ 2.379 ‘ 95% Adjusted Gamma UCL (use when n<50) ‘ 2.421
763
764 Lognormal GOF Test
765 Shapiro Wilk Test Statistic 0.96 Shapiro Wilk Lognormal GOF Test
766 5% Shapiro Wilk Critical Value 0.924 Data appear Lognormal at 5% Significance Level
767 Lilliefors Test Statistic 0.132 Lilliefors Lognormal GOF Test
768 5% Lilliefors Critical Value 0.167 Data appear Lognormal at 5% Significance Level
769 Data appear Lognormal at 5% Significance Level
770
771 Lognormal Statistics
772 Minimum of Logged Data| -2.303 Mean of logged Data 0.243
773 Maximum of Logged Data 2.001 SD of logged Data 0.908
774
775 Assuming Lognormal Distribution
776 95% H-UCL 2.901 90% Chebyshev (MVUE) UCL 2.979
777 95% Chebyshev (MVUE) UCL 3.474 97.5% Chebyshev (MVUE) UCL 4.16
778 99% Chebyshev (MVUE) UCL 5.508
779
780 Nonparametric Distribution Free UCL Statistics
781 Data appear to follow a Discernible Distribution at 5% Significance Level
782
783 Nonparametric Distribution Free UCLs
784 95% CLT UCL 2.298 95% Jackknife UCL 2.316
785 95% Standard Bootstrap UCL 2.28 95% Bootstrap-t UCL 2.564
786 95% Hall's Bootstrap UCL 2.734 95% Percentile Bootstrap UCL 2.301
787 95% BCA Bootstrap UCL 2.46
788 90% Chebyshev(Mean, Sd) UCL 2.709 95% Chebyshev(Mean, Sd) UCL 3.12
789 97.5% Chebyshev(Mean, Sd) UCL 3.692 99% Chebyshev(Mean, Sd) UCL 4.814
790
791 Suggested UCL to Use
792 95% Adjusted Gamma UCL 2421
793
794 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
795 These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
796 and Singh and Singh (2003). However, simulations results will not cover all Real World data sets.
797 For additional insight the user may want to consult a statistician.
798
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800 Pyrene
801
802 General Statistics
803 Total Number of Observations| 28 Number of Distinct Observations| 22
804 Number of Missing Observations 0
805 Minimum 0.11 Mean 2.322
806 Maximum 9.1 Median 1.5
807 SD 2.214 Std. Error of Mean 0.418
808 Coefficient of Variation 0.953 Skewness 1.822
809
810 Normal GOF Test
811 Shapiro Wilk Test Statistic 0.77 Shapiro Wilk GOF Test
812 5% Shapiro Wilk Critical Value 0.924 Data Not Normal at 5% Significance Level
813 Lilliefors Test Statistic 0.237 Lilliefors GOF Test
814 5% Lilliefors Critical Value 0.167 Data Not Normal at 5% Significance Level
815 Data Not Normal at 5% Significance Level
816
817 Assuming Normal Distribution
818 95% Normal UCL 95% UCLs (Adjusted for Skewness)
819 95% Student's-t UCL 3.034 95% Adjusted-CLT UCL (Chen-1995) 3.164
820 95% Modified-t UCL (Johnson-1978) 3.058
821
892 Gamma GOF Test
823 A-D Test Statistic 0.627 Anderson-Darling Gamma GOF Test
824 5% A-D Critical Value 0.765 Detected data appear Gamma Distributed at 5% Significance Level
825 K-S Test Statistic 0.133 Kolmogrov-Smirnoff Gamma GOF Test
896 5% K-S Critical Value 0.169 Detected data appear Gamma Distributed at 5% Significance Level
807 Detected data appear Gamma Distributed at 5% Significance Level
828
829 Gamma Statistics
830 k hat (MLE) 1.407 k star (bias corrected MLE) 1.28
831 Theta hat (MLE) 1.651 Theta star (bias corrected MLE) 1.814
832 nu hat (MLE) ~ 78.77 nu star (bias corrected)  71.66
833 MLE Mean (bias corrected) 2.322 MLE Sd (bias corrected) 2.052
834 Approximate Chi Square Value (0.05)  53.17
835 Adjusted Level of Significance‘ 0.0404 Adjusted Chi Square Value, 52.18
836
837 Assuming Gamma Distribution
838 95% Approximate Gamma UCL (use when n>=50)‘ 3.129 95% Adjusted Gamma UCL (use when n<50) 3.188
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840 Lognormal GOF Test
841 Shapiro Wilk Test Statistic 0.957 Shapiro Wilk Lognormal GOF Test
842 5% Shapiro Wilk Critical Value 0.924 Data appear Lognormal at 5% Significance Level
843 Lilliefors Test Statistic 0.139 Lilliefors Lognormal GOF Test
844 5% Lilliefors Critical Value 0.167 Data appear Lognormal at 5% Significance Level
845 Data appear Lognormal at 5% Significance Level
846
847 Lognormal Statistics
848 Minimum of Logged Data| -2.207 Mean of logged Data 0.446
849 Maximum of Logged Data 2.208 SD of logged Data 0.961
850
851 Assuming Lognormal Distribution
852 95% H-UCL 3.871 90% Chebyshev (MVUE) UCL 3.922
853 95% Chebyshev (MVUE) UCL 4.601 97.5% Chebyshev (MVUE) UCL 5.543
854 99% Chebyshev (MVUE) UCL 7.394
855
856 Nonparametric Distribution Free UCL Statistics
857 Data appear to follow a Discernible Distribution at 5% Significance Level
858
859 Nonparametric Distribution Free UCLs
860 95% CLT UCL 3.01 95% Jackknife UCL 3.034
861 95% Standard Bootstrap UCL 2.994 95% Bootstrap-t UCL 3.29
862 95% Hall's Bootstrap UCL 3.2 95% Percentile Bootstrap UCL 3.045
863 95% BCA Bootstrap UCL 3.182
864 90% Chebyshev(Mean, Sd) UCL 3.577 95% Chebyshev(Mean, Sd) UCL 4.145
865 97.5% Chebyshev(Mean, Sd) UCL 4.934 99% Chebyshev(Mean, Sd) UCL 6.484
866
867 Suggested UCL to Use
868 95% Adjusted Gamma UCL 3.188
869
870 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
871 These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
872 and Singh and Singh (2003). However, simulations results will not cover all Real World data sets.
873 For additional insight the user may want to consult a statistician.
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875 Benzo(a)pyrene
876
877 General Statistics
878 Total Number of Observations| 28 Number of Distinct Observations| 23
879 Number of Detects| 25 Number of Non-Detects 3
880 Number of Distinct Detects| 21 Number of Distinct Non-Detects 2
881 Minimum Detect|  0.067 Minimum Non-Detect|  0.01
882 Maximum Detect 1.2 Maximum Non-Detect| 0.05
883 Variance Detects,  0.0671 Percent Non-Detects 10.71%
884 Mean Detects 0.323 SD Detects 0.259
885 Median Detects 0.22 CV Detects 0.803
886 Skewness Detects 2.005 Kurtosis Detects 4.588
887 Mean of Logged Detects| -1.374 SD of Logged Detects 0.69
888
889 Normal GOF Test on Detects Only
890 Shapiro Wilk Test Statistic 0.784 Shapiro Wilk GOF Test
891 5% Shapiro Wilk Critical Value 0.918 Detected Data Not Normal at 5% Significance Level
892 Lilliefors Test Statistic 0.214 Lilliefors GOF Test
893 5% Lilliefors Critical Value 0.177 Detected Data Not Normal at 5% Significance Level
894 Detected Data Not Normal at 5% Significance Level
895
896 Kaplan-Meier (KM) Statistics using Normal Critical Values and other Nonparametric UCLs
897 Mean 0.289 Standard Error of Mean|  0.0499
898 SD 0.259 95% KM (BCA) UCL 0.377
899 95% KM (t) UCL 0.374 95% KM (Percentile Bootstrap) UCL 0.373
900 95% KM (z) UCL 0.371 95% KM Bootstrap t UCL 0.411
901 90% KM Chebyshev UCL 0.439 95% KM Chebyshev UCL 0.506
902 97.5% KM Chebyshev UCL 0.601 99% KM Chebyshev UCL 0.785
903
904 Gamma GOF Tests on Detected Observations Only
905 A-D Test Statistic 0.672 Anderson-Darling GOF Test
906 5% A-D Critical Value 0.755 Detected data appear Gamma Distributed at 5% Significance Level
907 K-S Test Statistic 0.179 Kolmogrov-Smirnoff GOF
908 5% K-S Critical Value 0.177 Detected Data Not Gamma Distributed at 5% Significance Level
909 Detected data follow Appr. Gamma Distribution at 5% Significance Level
910
911 Gamma Statistics on Detected Data Only
912 k hat (MLE) 2.219 k star (bias corrected MLE) 1.979
913 Theta hat (MLE) 0.145 Theta star (bias corrected MLE) 0.163
914 nu hat (MLE), 110.9 nu star (bias corrected)  98.95
915 MLE Mean (bias corrected) 0.323 MLE Sd (bias corrected) 0.229
916
917 Gamma Kaplan-Meier (KM) Statistics
918 k hat (KM) 1.249 nu hat (KM)|  69.96
919 Approximate Chi Square Value (69.96, a) 51.7 Adjusted Chi Square Value (69.96, )  50.73
920 95% Gamma Approximate KM-UCL (use when n>=50) 0.391 95% Gamma Adjusted KM-UCL (use when n<50) 0.399
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Gamma ROS Statistics using Imputed Non-Detects

zz GROS may not be used when data set has > 50% NDs with many tied observations at multiple DLs

924 GROS may not be used when kstar of detected data is small such as < 0.1

925 For such situations, GROS method tends to yield inflated values of UCLs and BTVs

926 For gamma distributed detected data, BTVs and UCLs may be computed using gamma distribution on KM estimates

927 Minimum|  0.01 Mean 0.289
928 Maximum 1.2 Median 0.19
929 SD 0.263 cv 0.911
930 k hat (MLE) 1.184 k star (bias corrected MLE) 1.081
931 Theta hat (MLE) 0.244 Theta star (bias corrected MLE) 0.267
932 nu hat (MLE),  66.28 nu star (bias corrected)  60.51
933 MLE Mean (bias corrected) 0.289 MLE Sd (bias corrected) 0.278
934 Adjusted Level of Significance ()  0.0404
935 Approximate Chi Square Value (60.51, a)  43.62 Adjusted Chi Square Value (60.51, )  42.74
936 95% Gamma Approximate UCL (use when n>=50) 0.401 95% Gamma Adjusted UCL (use when n<50) 0.409
937

038 Lognormal GOF Test on Detected Observations Only

939 Shapiro Wilk Test Statistic 0.973 Shapiro Wilk GOF Test

940 5% Shapiro Wilk Critical Value 0.918 Detected Data appear Lognormal at 5% Significance Level

941 Lilliefors Test Statistic 0.141 Lilliefors GOF Test

942 5% Lilliefors Critical Value 0.177 Detected Data appear Lognormal at 5% Significance Level

943 Detected Data appear Lognormal at 5% Significance Level

944

045 Lognormal ROS Statistics Using Imputed Non-Detects

946 Mean in Original Scale 0.294 Mean in Log Scale| -1.544
947 SD in Original Scale 0.259 SD in Log Scale 0.822
948 95% t UCL (assumes normality of ROS data) 0.377 95% Percentile Bootstrap UCL 0.377
949 95% BCA Bootstrap UCL 0.392 95% Bootstrap t UCL 0.408
950 95% H-UCL (Log ROS) 0.427

951

952 UCLs using Lognormal Distribution and KM Estimates when Detected data are Lognormally Distributed

053 KM Mean (logged) -1.72 95% H-UCL (KM -Log) 0.669
054 KM SD (logged) 1.186 95% Critical H Value (KM-Log) 2.693
955 KM Standard Error of Mean (logged) 0.229

956

957 DL/2 Statistics

958 DL/2 Normal DL/2 Log-Transformed

959 Mean in Original Scale 0.29 Mean in Log Scale| -1.679
960 SD in Original Scale 0.262 SD in Log Scale 1.138
961 95% t UCL (Assumes normality) 0.374 95% H-Stat UCL 0.634
962 DL/2 is not a recommended method, provided for comparisons and historical reasons

963

064 Nonparametric Distribution Free UCL Statistics

965 Detected Data appear Approximate Gamma Distributed at 5% Significance Level

966

967 Suggested UCL to Use

068 95% KM (BCA) UCL 0.377 95% GROS Adjusted Gamma UCL 0.409
969 95% Adjusted Gamma KM-UCL 0.399

970

971 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

972 Recommendations are based upon data size, data distribution, and skewness.

973 These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

974 However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.
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976
977 Total PAHs
978
979 General Statistics
980 Total Number of Observations| 22 Number of Distinct Observations 19
981 Number of Missing Observations 0
982 Minimum 21 Mean 12.74
983 Maximum| 41 Median 10.85
984 SD 9.389 Std. Error of Mean 2.002
985 Coefficient of Variation 0.737 Skewness 1.901
986
987 Normal GOF Test
088 Shapiro Wilk Test Statistic 0.8 Shapiro Wilk GOF Test
989 5% Shapiro Wilk Critical Value 0.911 Data Not Normal at 5% Significance Level
990 Lilliefors Test Statistic 0.197 Lilliefors GOF Test
991 5% Lilliefors Critical Value 0.189 Data Not Normal at 5% Significance Level
992 Data Not Normal at 5% Significance Level
993
994 Assuming Normal Distribution
995 95% Normal UCL 95% UCLs (Adjusted for Skewness)
996 95% Student's-t UCL|  16.18 95% Adjusted-CLT UCL (Chen-1995)  16.9
097 95% Modified-t UCL (Johnson-1978)  16.32
998
999 Gamma GOF Test
1000 A-D Test Statistic 0.393 Anderson-Darling Gamma GOF Test
1001 5% A-D Critical Value 0.754 Detected data appear Gamma Distributed at 5% Significance Level
1002 K-S Test Statistic 0.128 Kolmogrov-Smirnoff Gamma GOF Test
1003 5% K-S Ciritical Value 0.187 Detected data appear Gamma Distributed at 5% Significance Level
1004 Detected data appear Gamma Distributed at 5% Significance Level
1005
1006 Gamma Statistics
1007 k hat (MLE) 2.353 k star (bias corrected MLE) 2.062
1008 Theta hat (MLE) 5.413 Theta star (bias corrected MLE) 6.176
1009 nu hat (MLE), 103.5 nu star (bias corrected)  90.74
1010 MLE Mean (bias corrected) 12.74 MLE Sd (bias corrected) 8.869
1011 Approximate Chi Square Value (0.05)  69.77
1012 Adjusted Level of Significance‘ 0.0386 Adjusted Chi Square Value '  68.4
1013
1014 Assuming Gamma Distribution
1015 95% Approximate Gamma UCL (use when n>=50)‘ 16.56 95% Adjusted Gamma UCL (use when n<50) 16.9
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1017 Lognormal GOF Test
1018 Shapiro Wilk Test Statistic 0.965 Shapiro Wilk Lognormal GOF Test
1019 5% Shapiro Wilk Critical Value 0.911 Data appear Lognormal at 5% Significance Level
1020 Lilliefors Test Statistic 0.118 Lilliefors Lognormal GOF Test
1021 5% Lilliefors Critical Value 0.189 Data appear Lognormal at 5% Significance Level
1022 Data appear Lognormal at 5% Significance Level
1023
1024 Lognormal Statistics
1025 Minimum of Logged Data 0.742 Mean of logged Data 2.317
1026 Maximum of Logged Data 3.714 SD of logged Data 0.708
1027
1028 Assuming Lognormal Distribution
1029 95% H-UCL,  18.34 90% Chebyshev (MVUE) UCL|  19.09
1030 95% Chebyshev (MVUE) UCL| 21.92 97.5% Chebyshev (MVUE) UCL| 25.84
1031 99% Chebyshev (MVUE) UCL|  33.54
1032
1033 Nonparametric Distribution Free UCL Statistics
1034 Data appear to follow a Discernible Distribution at 5% Significance Level
1035
1036 Nonparametric Distribution Free UCLs
1037 95% CLT UCL| 16.03 95% Jackknife UCL|  16.18
1038 95% Standard Bootstrap UCL|  15.91 95% Bootstrap-t UCL|  18.34
1039 95% Hall's Bootstrap UCL|  34.28 95% Percentile Bootstrap UCL  16.16
1040 95% BCA Bootstrap UCL| 16.8
1041 90% Chebyshev(Mean, Sd) UCL| 18.74 95% Chebyshev(Mean, Sd) UCL | 21.46
1042 97.5% Chebyshev(Mean, Sd) UCL|  25.24 99% Chebyshev(Mean, Sd) UCL | 32.65
1043
1044 Suggested UCL to Use
1045 95% Adjusted Gamma UCL|,  16.9
1046
1047 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
1048 These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
1049 and Singh and Singh (2003). However, simulations results will not cover all Real World data sets.
1050 For additional insight the user may want to consult a statistician.
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DSl and DRA Statistical ProUCL Output

A | B | C D | E | F | G | H | | | J | K | L

1 UCL Statistics for Data Sets with Non-Detects

2

3 User Selected Options

4 Date/Time of Computation |8/10/2015 7:25:48 AM

5 From File |proucl dsi and dra.xls

6 Full Precision |OFF

7 Confidence Coefficient 95%

8 Number of Bootstrap Operations 2000

9

10

1 2-methylnaphthalene

12

13 General Statistics

14 Total Number of Observations| 37 Number of Distinct Observations| 29

15 Number of Missing Observations 0

16 Minimum 0.18 Mean 1.915
17 Maximum 6 Median 1.4
18 SD 1.487 Std. Error of Mean 0.244
19 Coefficient of Variation 0.777 Skewness 1.565
20
21 Normal GOF Test
22 Shapiro Wilk Test Statistic 0.813 Shapiro Wilk GOF Test
23 5% Shapiro Wilk Critical Value 0.936 Data Not Normal at 5% Significance Level
24 Lilliefors Test Statistic 0.207 Lilliefors GOF Test
o5 5% Lilliefors Critical Value 0.146 Data Not Normal at 5% Significance Level
26 Data Not Normal at 5% Significance Level
27
28 Assuming Normal Distribution
29 95% Normal UCL 95% UCLs (Adjusted for Skewness)
30 95% Student's-t UCL 2.328 95% Adjusted-CLT UCL (Chen-1995) 2.384
31 95% Modified-t UCL (Johnson-1978) 2.338
32
33 Gamma GOF Test
34 A-D Test Statistic 0.614 Anderson-Darling Gamma GOF Test
35 5% A-D Critical Value 0.759 Detected data appear Gamma Distributed at 5% Significance Level
36 K-S Test Statistic 0.113 Kolmogrov-Smirnoff Gamma GOF Test
37 5% K-S Critical Value 0.147 Detected data appear Gamma Distributed at 5% Significance Level
38 Detected data appear Gamma Distributed at 5% Significance Level
39
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40 Gamma Statistics
41 k hat (MLE) 2.067 k star (bias corrected MLE) 1.918
42 Theta hat (MLE) 0.926 Theta star (bias corrected MLE) 0.998
43 nu hat (MLE)| 153 nu star (bias corrected)| 141.9
44 MLE Mean (bias corrected) 1.915 MLE Sd (bias corrected) 1.383
45 Approximate Chi Square Value (0.05) 115.4
46 Adjusted Level of Significance‘ 0.0431 Adjusted Chi Square Value 114.4
47
48 Assuming Gamma Distribution
49 95% Approximate Gamma UCL (use when n>=50)‘ 2.355 95% Adjusted Gamma UCL (use when n<50) 2.376
50
51 Lognormal GOF Test
50 Shapiro Wilk Test Statistic 0.975 Shapiro Wilk Lognormal GOF Test
53 5% Shapiro Wilk Critical Value 0.936 Data appear Lognormal at 5% Significance Level
54 Lilliefors Test Statistic.  0.0715 Lilliefors Lognormal GOF Test
55 5% Lilliefors Critical Value 0.146 Data appear Lognormal at 5% Significance Level
56 Data appear Lognormal at 5% Significance Level
57
58 Lognormal Statistics
59 Minimum of Logged Data| -1.715 Mean of logged Data 0.389
60 Maximum of Logged Data 1.792 SD of logged Data 0.747
61
62 Assuming Lognormal Distribution
63 95% H-UCL 2.539 90% Chebyshev (MVUE) UCL 2.713
64 95% Chebyshev (MVUE) UCL 3.066 97.5% Chebyshev (MVUE) UCL 3.558
65 99% Chebyshev (MVUE) UCL 4.522
66
67 Nonparametric Distribution Free UCL Statistics
68 Data appear to follow a Discernible Distribution at 5% Significance Level
69
70 Nonparametric Distribution Free UCLs
71 95% CLT UCL 2.317 95% Jackknife UCL 2.328
72 95% Standard Bootstrap UCL 2.312 95% Bootstrap-t UCL 2.427
73 95% Hall's Bootstrap UCL 2.416 95% Percentile Bootstrap UCL 2.333
74 95% BCA Bootstrap UCL 2.395
75 90% Chebyshev(Mean, Sd) UCL 2.648 95% Chebyshev(Mean, Sd) UCL 2.981
76 97.5% Chebyshev(Mean, Sd) UCL 3.442 99% Chebyshev(Mean, Sd) UCL 4.347
77
78 Suggested UCL to Use
79 95% Adjusted Gamma UCL 2.376
80
81 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
82 These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
83 and Singh and Singh (2003). However, simulations results will not cover all Real World data sets.
84 For additional insight the user may want to consult a statistician.
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86
87 Acenaphthene
88
89 General Statistics
90 Total Number of Observations| 37 Number of Distinct Observations| 33
91 Number of Missing Observations 0
92 Minimum| 0.04 Mean 0.545
93 Maximum 1.2 Median 0.51
94 SD 0.264 Std. Error of Mean|  0.0435
95 Coefficient of Variation 0.485 Skewness 0.507
96
97 Normal GOF Test
98 Shapiro Wilk Test Statistic 0.971 Shapiro Wilk GOF Test
99 5% Shapiro Wilk Critical Value 0.936 Data appear Normal at 5% Significance Level
100 Lilliefors Test Statistic 0.115 Lilliefors GOF Test
101 5% Lilliefors Critical Value 0.146 Data appear Normal at 5% Significance Level
102 Data appear Normal at 5% Significance Level
103
104 Assuming Normal Distribution
105 95% Normal UCL 95% UCLs (Adjusted for Skewness)
106 95% Student's-t UCL 0.618 95% Adjusted-CLT UCL (Chen-1995) 0.62
107 95% Modified-t UCL (Johnson-1978) 0.619
108
109 Gamma GOF Test
110 A-D Test Statistic 0.468 Anderson-Darling Gamma GOF Test
11 5% A-D Critical Value 0.753 Detected data appear Gamma Distributed at 5% Significance Level
112 K-S Test Statistic 0.125 Kolmogrov-Smirnoff Gamma GOF Test
113 5% K-S Critical Value 0.146 Detected data appear Gamma Distributed at 5% Significance Level
114 Detected data appear Gamma Distributed at 5% Significance Level
115
116 Gamma Statistics
117 k hat (MLE) 3.399 k star (bias corrected MLE) 3.142
118 Theta hat (MLE) 0.16 Theta star (bias corrected MLE) 0.173
119 nu hat (MLE)| 251.6 nu star (bias corrected)| 232.5
120 MLE Mean (bias corrected) 0.545 MLE Sd (bias corrected) 0.307
121 Approximate Chi Square Value (0.05) 198.2
122 Adjusted Level of Significance‘ 0.0431 Adjusted Chi Square Value 196.8
123
124 Assuming Gamma Distribution
125 95% Approximate Gamma UCL (use when n>=50))‘ 0.639 95% Adjusted Gamma UCL (use when n<50) 0.643
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127 Lognormal GOF Test

128 Shapiro Wilk Test Statistic 0.877 Shapiro Wilk Lognormal GOF Test

129 5% Shapiro Wilk Critical Value 0.936 Data Not Lognormal at 5% Significance Level

130 Lilliefors Test Statistic 0.166 Lilliefors Lognormal GOF Test

131 5% Lilliefors Critical Value 0.146 Data Not Lognormal at 5% Significance Level

132 Data Not Lognormal at 5% Significance Level

133

134 Lognormal Statistics

135 Minimum of Logged Data| -3.219 Mean of logged Data -0.762
136 Maximum of Logged Data 0.182 SD of logged Data 0.649
137

138 Assuming Lognormal Distribution

139 95% H-UCL 0.718 90% Chebyshev (MVUE) UCL 0.769
140 95% Chebyshev (MVUE) UCL 0.858 97.5% Chebyshev (MVUE) UCL 0.982
141 99% Chebyshev (MVUE) UCL 1.226

142

143 Nonparametric Distribution Free UCL Statistics

144 Data appear to follow a Discernible Distribution at 5% Significance Level

145

146 Nonparametric Distribution Free UCLs

147 95% CLT UCL 0.616 95% Jackknife UCL 0.618
148 95% Standard Bootstrap UCL 0.615 95% Bootstrap-t UCL 0.62
149 95% Hall's Bootstrap UCL 0.625 95% Percentile Bootstrap UCL 0.617
150 95% BCA Bootstrap UCL 0.614

151 90% Chebyshev(Mean, Sd) UCL 0.675 95% Chebyshev(Mean, Sd) UCL 0.734
152 97.5% Chebyshev(Mean, Sd) UCL 0.816 99% Chebyshev(Mean, Sd) UCL 0.977
153

154 Suggested UCL to Use

155 95% Student's-t UCL 0.618

156

157 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

158 These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)

159 and Singh and Singh (2003). However, simulations results will not cover all Real World data sets.

160 For additional insight the user may want to consult a statistician.
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162 Acenaphthylene
163
164 General Statistics
165 Total Number of Observations| 37 Number of Distinct Observations 19
166 Number of Detects 17 Number of Non-Detects| 20
167 Number of Distinct Detects 14 Number of Distinct Non-Detects 6
168 Minimum Detect| 0.034 Minimum Non-Detect, 0.0052
169 Maximum Detect 0.16 Maximum Non-Detect 0.2
170 Variance Detects| 0.00199 Percent Non-Detects|  54.05%
171 Mean Detects| 0.0829 SD Detects| 0.0446
172 Median Detects| 0.064 CV Detects 0.538
173 Skewness Detects 0.884 Kurtosis Detects| -0.693
174 Mean of Logged Detects| -2.619 SD of Logged Detects 0.517
175
176 Normal GOF Test on Detects Only
177 Shapiro Wilk Test Statistic 0.837 Shapiro Wilk GOF Test
178 5% Shapiro Wilk Critical Value 0.892 Detected Data Not Normal at 5% Significance Level
179 Lilliefors Test Statistic 0.223 Lilliefors GOF Test
180 5% Lilliefors Critical Value 0.215 Detected Data Not Normal at 5% Significance Level
181 Detected Data Not Normal at 5% Significance Level
182
183 Kaplan-Meier (KM) Statistics using Normal Critical Values and other Nonparametric UCLs
184 Mean| 0.0538 Standard Error of Mean| 0.00839
185 SD| 0.0433 95% KM (BCA) UCL  0.0685
186 95% KM (t) UCL|  0.068 95% KM (Percentile Bootstrap) UCL|  0.0681
187 95% KM (z) UCL| 0.0676 95% KM Bootstrapt UCL|  0.0697
188 90% KM Chebyshev UCL|  0.079 95% KM Chebyshev UCL|  0.0904
189 97.5% KM Chebyshev UCL 0.106 99% KM Chebyshev UCL 0.137
190
191 Gamma GOF Tests on Detected Observations Only
192 A-D Test Statistic 0.651 Anderson-Darling GOF Test
193 5% A-D Critical Value 0.743 Detected data appear Gamma Distributed at 5% Significance Level
194 K-S Test Statistic 0.166 Kolmogrov-Smirnoff GOF
195 5% K-S Critical Value 0.21 Detected data appear Gamma Distributed at 5% Significance Level
196 Detected data appear Gamma Distributed at 5% Significance Level
197
198 Gamma Statistics on Detected Data Only
199 k hat (MLE) 4.049 k star (bias corrected MLE) 3.374
200 Theta hat (MLE),  0.0205 Theta star (bias corrected MLE)  0.0246
201 nu hat (MLE)| 137.7 nu star (bias corrected)| 114.7
202 MLE Mean (bias corrected)|  0.0829 MLE Sd (bias corrected)  0.0451
203
204 Gamma Kaplan-Meier (KM) Statistics
205 k hat (KM) 1.543 nu hat (KM)  114.2
206 Approximate Chi Square Value (114.15,a)  90.49 Adjusted Chi Square Value (114.15,8)|  89.57
207 95% Gamma Approximate KM-UCL (use when n>=50)  0.0679 95% Gamma Adjusted KM-UCL (use when n<50)|  0.0686
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209 Gamma ROS Statistics using Imputed Non-Detects
210 GROS may not be used when data set has > 50% NDs with many tied observations at multiple DLs
211 GROS may not be used when kstar of detected data is small such as < 0.1
212 For such situations, GROS method tends to yield inflated values of UCLs and BTVs
213 For gamma distributed detected data, BTVs and UCLs may be computed using gamma distribution on KM estimates
214 Minimum/|  0.01 Mean  0.0516
215 Maximum 0.16 Median| 0.0403
216 SD| 0.0433 cv 0.84
217 k hat (MLE) 1.618 k star (bias corrected MLE) 1.505
218 Theta hat (MLE),  0.0319 Theta star (bias corrected MLE)  0.0343
219 nu hat (MLE)| 119.7 nu star (bias corrected)| 111.4
220 MLE Mean (bias corrected)| 0.0516 MLE Sd (bias corrected)  0.042
291 Adjusted Level of Significance (8)  0.0431
292 Approximate Chi Square Value (111.37,a)  88.01 Adjusted Chi Square Value (111.37,8)| 87.11
223 95% Gamma Approximate UCL (use when n>=50)  0.0653 95% Gamma Adjusted UCL (use when n<50)|  0.0659
224
25 Lognormal GOF Test on Detected Observations Only
296 Shapiro Wilk Test Statistic 0.924 Shapiro Wilk GOF Test
297 5% Shapiro Wilk Critical Value 0.892 Detected Data appear Lognormal at 5% Significance Level
298 Lilliefors Test Statistic 0.154 Lilliefors GOF Test
299 5% Lilliefors Critical Value 0.215 Detected Data appear Lognormal at 5% Significance Level
230 Detected Data appear Lognormal at 5% Significance Level
231
232 Lognormal ROS Statistics Using Imputed Non-Detects
233 Mean in Original Scale|  0.0554 Mean in Log Scale, -3.107
234 SD in Original Scale,  0.0404 SD in Log Scale 0.65
235 95% t UCL (assumes normality of ROS data)| 0.0666 95% Percentile Bootstrap UCL | 0.0667
236 95% BCA Bootstrap UCL|  0.0685 95% Bootstrap t UCL 0.0691
237 95% H-UCL (Log ROS)|  0.0689
238
239 UCLs using Lognormal Distribution and KM Estimates when Detected data are Lognormally Distributed
240 KM Mean (logged)| -3.346 95% H-UCL (KM -Log) |  0.0966
241 KM SD (logged) 1.068 95% Critical H Value (KM-Log) 2.467
242 KM Standard Error of Mean (logged) 0.28
243
244 DL/2 Statistics
245 DL/2 Normal DL/2 Log-Transformed
246 Mean in Original Scale|  0.0556 Mean in Log Scale, -3.196
247 SD in Original Scale,  0.0432 SD in Log Scale 0.866
248 95% t UCL (Assumes normality),  0.0676 95% H-Stat UCL | 0.0823
249 DL/2 is not a recommended method, provided for comparisons and historical reasons
250
251 Nonparametric Distribution Free UCL Statistics
252 Detected Data appear Gamma Distributed at 5% Significance Level
253
254 Suggested UCL to Use
255 95% KM (t) UCL|  0.068 95% GROS Adjusted Gamma UCL ~ 0.0659
256 95% Adjusted Gamma KM-UCL| 0.0686
257
258 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
259 Recommendations are based upon data size, data distribution, and skewness.
260 These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).
261 However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.
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263
264 Anthracene
265
266 General Statistics
267 Total Number of Observations| 37 Number of Distinct Observations| 30
268 Number of Missing Observations 0
269 Minimum| 0.03 Mean 0.719
270 Maximum 4.8 Median 0.5
271 SD 0.814 Std. Error of Mean 0.134
272 Coefficient of Variation 1.133 Skewness 3.716
273
274 Normal GOF Test
275 Shapiro Wilk Test Statistic 0.636 Shapiro Wilk GOF Test
276 5% Shapiro Wilk Critical Value 0.936 Data Not Normal at 5% Significance Level
277 Lilliefors Test Statistic 0.214 Lilliefors GOF Test
278 5% Lilliefors Critical Value 0.146 Data Not Normal at 5% Significance Level
279 Data Not Normal at 5% Significance Level
280
281 Assuming Normal Distribution
282 95% Normal UCL 95% UCLs (Adjusted for Skewness)
283 95% Student's-t UCL 0.945 95% Adjusted-CLT UCL (Chen-1995) 1.027
284 95% Modified-t UCL (Johnson-1978) 0.959
285
286 Gamma GOF Test
287 A-D Test Statistic 0.538 Anderson-Darling Gamma GOF Test
288 5% A-D Critical Value 0.769 Detected data appear Gamma Distributed at 5% Significance Level
289 K-S Test Statistic 0.114 Kolmogrov-Smirnoff Gamma GOF Test
290 5% K-S Critical Value 0.148 Detected data appear Gamma Distributed at 5% Significance Level
291 Detected data appear Gamma Distributed at 5% Significance Level
292
293 Gamma Statistics
294 k hat (MLE) 1.373 k star (bias corrected MLE) 1.28
295 Theta hat (MLE) 0.523 Theta star (bias corrected MLE) 0.562
296 nu hat (MLE)| 101.6 nu star (bias corrected)| 94.73
297 MLE Mean (bias corrected) 0.719 MLE Sd (bias corrected) 0.635
298 Approximate Chi Square Value (0.05) 73.28
299 Adjusted Level of Significance‘ 0.0431 Adjusted Chi Square Value,  72.46
300
301 Assuming Gamma Distribution
302 95% Approximate Gamma UCL (use when n>=50)‘ 0.929 95% Adjusted Gamma UCL (use when n<50) 0.94
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304 Lognormal GOF Test
305 Shapiro Wilk Test Statistic 0.975 Shapiro Wilk Lognormal GOF Test
306 5% Shapiro Wilk Critical Value 0.936 Data appear Lognormal at 5% Significance Level
307 Lilliefors Test Statistic 0.11 Lilliefors Lognormal GOF Test
308 5% Lilliefors Critical Value 0.146 Data appear Lognormal at 5% Significance Level
309 Data appear Lognormal at 5% Significance Level
310
311 Lognormal Statistics
312 Minimum of Logged Data| -3.507 Mean of logged Data, -0.736
313 Maximum of Logged Data 1.569 SD of logged Data 0.942
314
315 Assuming Lognormal Distribution
316 95% H-UCL 1.075 90% Chebyshev (MVUE) UCL 1.125
317 95% Chebyshev (MVUE) UCL 1.302 97.5% Chebyshev (MVUE) UCL 1.547
318 99% Chebyshev (MVUE) UCL 2.03
319
320 Nonparametric Distribution Free UCL Statistics
321 Data appear to follow a Discernible Distribution at 5% Significance Level
322
323 Nonparametric Distribution Free UCLs
394 95% CLT UCL 0.939 95% Jackknife UCL 0.945
325 95% Standard Bootstrap UCL 0.935 95% Bootstrap-t UCL 1.104
326 95% Hall's Bootstrap UCL 1.903 95% Percentile Bootstrap UCL 0.959
397 95% BCA Bootstrap UCL 1.08
308 90% Chebyshev(Mean, Sd) UCL 1.121 95% Chebyshev(Mean, Sd) UCL 1.303
329 97.5% Chebyshev(Mean, Sd) UCL 1.555 99% Chebyshev(Mean, Sd) UCL 2.051
330
331 Suggested UCL to Use
332 95% Adjusted Gamma UCL 0.94
333
334 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
335 These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
336 and Singh and Singh (2003). However, simulations results will not cover all Real World data sets.
337 For additional insight the user may want to consult a statistician.
338
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340 Benz(a)anthracene
341
342 General Statistics
343 Total Number of Observations| 37 Number of Distinct Observations| 30
344 Number of Missing Observations 0
345 Minimum|  0.03 Mean 0.737
346 Maximum 6.1 Median 0.45
347 SD 0.991 Std. Error of Mean 0.163
348 Coefficient of Variation 1.344 Skewness 4.655
349
350 Normal GOF Test
351 Shapiro Wilk Test Statistic 0.515 Shapiro Wilk GOF Test
352 5% Shapiro Wilk Critical Value 0.936 Data Not Normal at 5% Significance Level
353 Lilliefors Test Statistic 0.268 Lilliefors GOF Test
354 5% Lilliefors Critical Value 0.146 Data Not Normal at 5% Significance Level
355 Data Not Normal at 5% Significance Level
356
357 Assuming Normal Distribution
358 95% Normal UCL 95% UCLs (Adjusted for Skewness)
359 95% Student's-t UCL 1.012 95% Adjusted-CLT UCL (Chen-1995) 1.138
360 95% Modified-t UCL (Johnson-1978) 1.033
361
362 Gamma GOF Test
363 A-D Test Statistic 0.888 Anderson-Darling Gamma GOF Test
364 5% A-D Critical Value 0.771 Data Not Gamma Distributed at 5% Significance Level
365 K-S Test Statistic 0.129 Kolmogrov-Smirnoff Gamma GOF Test
366 5% K-S Critical Value 0.148 Detected data appear Gamma Distributed at 5% Significance Level
367 Detected data follow Appr. Gamma Distribution at 5% Significance Level
368
369 Gamma Statistics
370 k hat (MLE) 1.286 k star (bias corrected MLE) 1.2
371 Theta hat (MLE) 0.573 Theta star (bias corrected MLE) 0.614
372 nu hat (MLE)| 95.19 nu star (bias corrected)|  88.81
373 MLE Mean (bias corrected) 0.737 MLE Sd (bias corrected) 0.673
374 Approximate Chi Square Value (0.05)  68.08
375 Adjusted Level of Significance| 0.0431 Adjusted Chi Square Value| 67.29
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Assuming Gamma Distribution

z;; 95% Approximate Gamma UCL (use when n>=50)‘ 0.962 ‘ 95% Adjusted Gamma UCL (use when n<50) ‘ 0.973
379

380 Lognormal GOF Test

381 Shapiro Wilk Test Statistic 0.959 Shapiro Wilk Lognormal GOF Test

382 5% Shapiro Wilk Critical Value 0.936 Data appear Lognormal at 5% Significance Level

383 Lilliefors Test Statistic 0.137 Lilliefors Lognormal GOF Test

384 5% Lilliefors Critical Value 0.146 Data appear Lognormal at 5% Significance Level

385 Data appear Lognormal at 5% Significance Level

386

387 Lognormal Statistics

388 Minimum of Logged Data| -3.507 Mean of logged Data| -0.741
389 Maximum of Logged Data 1.808 SD of logged Data 0.955
390

391 Assuming Lognormal Distribution

392 95% H-UCL 1.09 90% Chebyshev (MVUE) UCL 1.139
393 95% Chebyshev (MVUE) UCL 1.32 97.5% Chebyshev (MVUE) UCL 1.571
394 99% Chebyshev (MVUE) UCL 2.065

395

396 Nonparametric Distribution Free UCL Statistics

397 Data appear to follow a Discernible Distribution at 5% Significance Level

398

399 Nonparametric Distribution Free UCLs

400 95% CLT UCL 1.005 95% Jackknife UCL 1.012
401 95% Standard Bootstrap UCL 1.006 95% Bootstrap-t UCL 1.365
402 95% Hall's Bootstrap UCL 2.109 95% Percentile Bootstrap UCL 1.033
403 95% BCA Bootstrap UCL 1.169

404 90% Chebyshev(Mean, Sd) UCL 1.226 95% Chebyshev(Mean, Sd) UCL 1.447
405 97.5% Chebyshev(Mean, Sd) UCL 1.754 99% Chebyshev(Mean, Sd) UCL 2.358
406

407 Suggested UCL to Use

408 95% Adjusted Gamma UCL 0.973

409

410 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

411 These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)

412 and Singh and Singh (2003). However, simulations results will not cover all Real World data sets.

413 For additional insight the user may want to consult a statistician.

414
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416 Chrysene
417
418 General Statistics
419 Total Number of Observations| 37 Number of Distinct Observations| 32
420 Number of Missing Observations 0
421 Minimum|  0.03 Mean 1.037
422 Maximum 9.3 Median 0.56
423 SD 1.547 Std. Error of Mean 0.254
424 Coefficient of Variation 1.491 Skewness 4.499
425
426 Normal GOF Test
497 Shapiro Wilk Test Statistic 0.523 Shapiro Wilk GOF Test
428 5% Shapiro Wilk Critical Value 0.936 Data Not Normal at 5% Significance Level
429 Lilliefors Test Statistic 0.27 Lilliefors GOF Test
430 5% Lilliefors Critical Value 0.146 Data Not Normal at 5% Significance Level
431 Data Not Normal at 5% Significance Level
432
433 Assuming Normal Distribution
434 95% Normal UCL 95% UCLs (Adjusted for Skewness)
435 95% Student's-t UCL 1.466 95% Adjusted-CLT UCL (Chen-1995) 1.656
436 95% Modified-t UCL (Johnson-1978) 1.498
437
438 Gamma GOF Test
439 A-D Test Statistic 0.77 Anderson-Darling Gamma GOF Test
440 5% A-D Critical Value 0.776 Detected data appear Gamma Distributed at 5% Significance Level
441 K-S Test Statistic 0.124 Kolmogrov-Smirnoff Gamma GOF Test
442 5% K-S Critical Value 0.149 Detected data appear Gamma Distributed at 5% Significance Level
443 Detected data appear Gamma Distributed at 5% Significance Level
444
445 Gamma Statistics
446 k hat (MLE) 1.029 k star (bias corrected MLE) 0.964
447 Theta hat (MLE) 1.007 Theta star (bias corrected MLE) 1.076
448 nu hat (MLE)| 76.18 nu star (bias corrected)| 71.34
449 MLE Mean (bias corrected) 1.037 MLE Sd (bias corrected) 1.056
450 Approximate Chi Square Value (0.05)  52.89
451 Adjusted Level of Significance| 0.0431 Adjusted Chi Square Value| 52.2
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453 Assuming Gamma Distribution
454 95% Approximate Gamma UCL (use when n>=50)‘ 1.399 ‘ 95% Adjusted Gamma UCL (use when n<50) ‘ 1.417
455
456 Lognormal GOF Test
457 Shapiro Wilk Test Statistic 0.975 Shapiro Wilk Lognormal GOF Test
458 5% Shapiro Wilk Critical Value 0.936 Data appear Lognormal at 5% Significance Level
459 Lilliefors Test Statistic 0.134 Lilliefors Lognormal GOF Test
460 5% Lilliefors Critical Value 0.146 Data appear Lognormal at 5% Significance Level
461 Data appear Lognormal at 5% Significance Level
462
463 Lognormal Statistics
464 Minimum of Logged Data| -3.507 Mean of logged Data| -0.522
465 Maximum of Logged Data 2.23 SD of logged Data 1.089
466
467 Assuming Lognormal Distribution
468 95% H-UCL 1.688 90% Chebyshev (MVUE) UCL 1.715
469 95% Chebyshev (MVUE) UCL 2.017 97.5% Chebyshev (MVUE) UCL 2.436
470 99% Chebyshev (MVUE) UCL 3.26
471
472 Nonparametric Distribution Free UCL Statistics
473 Data appear to follow a Discernible Distribution at 5% Significance Level
474
475 Nonparametric Distribution Free UCLs
476 95% CLT UCL 1.455 95% Jackknife UCL 1.466
477 95% Standard Bootstrap UCL 1.454 95% Bootstrap-t UCL 1.997
478 95% Hall's Bootstrap UCL 3.147 95% Percentile Bootstrap UCL 1.503
479 95% BCA Bootstrap UCL 1.732
480 90% Chebyshev(Mean, Sd) UCL 1.8 95% Chebyshev(Mean, Sd) UCL 2.146
481 97.5% Chebyshev(Mean, Sd) UCL 2.625 99% Chebyshev(Mean, Sd) UCL 3.567
482
483 Suggested UCL to Use
484 95% Adjusted Gamma UCL 1.417
485
486 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
487 These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
488 and Singh and Singh (2003). However, simulations results will not cover all Real World data sets.
489 For additional insight the user may want to consult a statistician.
490
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Fluoranthene

492

493

494 General Statistics

495 Total Number of Observations| 37 Number of Distinct Observations| 28
496 Number of Missing Observations 0
497 Minimum 0.12 Mean 3.466
498 Maximum| 25 Median 2
499 SD 4.86 Std. Error of Mean 0.799
500 Coefficient of Variation 1.402 Skewness 3.257
501

502 Normal GOF Test

503 Shapiro Wilk Test Statistic 0.585 Shapiro Wilk GOF Test

504 5% Shapiro Wilk Critical Value 0.936 Data Not Normal at 5% Significance Level

505 Lilliefors Test Statistic 0.327 Lilliefors GOF Test

506 5% Lilliefors Critical Value 0.146 Data Not Normal at 5% Significance Level

507 Data Not Normal at 5% Significance Level

508

509 Assuming Normal Distribution

510 95% Normal UCL 95% UCLs (Adjusted for Skewness)

511 95% Student's-t UCL 4.815 95% Adjusted-CLT UCL (Chen-1995) 5.238
512 95% Modified-t UCL (Johnson-1978) 4.886
513

514 Gamma GOF Test

515 A-D Test Statistic 1.39 Anderson-Darling Gamma GOF Test

516 5% A-D Critical Value 0.776 Data Not Gamma Distributed at 5% Significance Level

517 K-S Test Statistic 0.194 Kolmogrov-Smirnoff Gamma GOF Test

518 5% K-S Critical Value 0.149 Data Not Gamma Distributed at 5% Significance Level

519 Data Not Gamma Distributed at 5% Significance Level

520

521 Gamma Statistics

522 k hat (MLE) 1.04 k star (bias corrected MLE) 0.974
523 Theta hat (MLE) 3.332 Theta star (bias corrected MLE) 3.559
524 nu hat (MLE)| 76.98 nu star (bias corrected)| 72.07
595 MLE Mean (bias corrected) 3.466 MLE Sd (bias corrected) 3.512
526 Approximate Chi Square Value (0.05)  53.53
597 Adjusted Level of Significance| 0.0431 Adjusted Chi Square Value| 52.83

528
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Assuming Gamma Distribution

529

530 95% Approximate Gamma UCL (use when n>=50))‘ 4.667 ‘ 95% Adjusted Gamma UCL (use when n<50)‘ 4.729
531

532 Lognormal GOF Test

533 Shapiro Wilk Test Statistic 0.971 Shapiro Wilk Lognormal GOF Test

534 5% Shapiro Wilk Critical Value 0.936 Data appear Lognormal at 5% Significance Level

535 Lilliefors Test Statistic 0.124 Lilliefors Lognormal GOF Test

536 5% Lilliefors Critical Value 0.146 Data appear Lognormal at 5% Significance Level

537 Data appear Lognormal at 5% Significance Level

538

539 Lognormal Statistics

540 Minimum of Logged Data| -2.12 Mean of logged Data 0.691
541 Maximum of Logged Data 3.219 SD of logged Data 1.045
542

543 Assuming Lognormal Distribution

544 95% H-UCL 5.266 90% Chebyshev (MVUE) UCL 5.404
545 95% Chebyshev (MVUE) UCL 6.326 97.5% Chebyshev (MVUE) UCL 7.606
546 99% Chebyshev (MVUE) UCL|  10.12

547

548 Nonparametric Distribution Free UCL Statistics

549 Data appear to follow a Discernible Distribution at 5% Significance Level

550

551 Nonparametric Distribution Free UCLs

552 95% CLT UCL 4.78 95% Jackknife UCL 4815
553 95% Standard Bootstrap UCL 4.774 95% Bootstrap-t UCL 6.142
554 95% Hall's Bootstrap UCL 9.991 95% Percentile Bootstrap UCL 4.885
555 95% BCA Bootstrap UCL 5.335

556 90% Chebyshev(Mean, Sd) UCL 5.863 95% Chebyshev(Mean, Sd) UCL 6.949
557 97.5% Chebyshev(Mean, Sd) UCL 8.456 99% Chebyshev(Mean, Sd) UCL 11.42
558

559 Suggested UCL to Use

560 95% H-UCL 5.266

561

562 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

563 These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)

564 and Singh and Singh (2003). However, simulations results will not cover all Real World data sets.

565 For additional insight the user may want to consult a statistician.

566

567 ProUCL computes and outputs H-statistic based UCLs for historical reasons only.

568 H-statistic often results in unstable (both high and low) values of UCL95 as shown in examples in the Technical Guide.

569 It is therefore recommended to avoid the use of H-statistic based 95% UCLs.

570 Use of nonparametric methods are preferred to compute UCL95 for skewed data sets which do not follow a gamma distribution.

571
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573 Fluorene
574
575 General Statistics
576 Total Number of Observations| 37 Number of Distinct Observations| 30
577 Number of Missing Observations 0
578 Minimum| 0.04 Mean 0.528
579 Maximum 1.2 Median 0.51
580 SD 0.281 Std. Error of Mean|  0.0463
581 Coefficient of Variation 0.533 Skewness 0.781
582
583 Normal GOF Test
584 Shapiro Wilk Test Statistic 0.938 Shapiro Wilk GOF Test
585 5% Shapiro Wilk Critical Value 0.936 Data appear Normal at 5% Significance Level
586 Lilliefors Test Statistic 0.132 Lilliefors GOF Test
587 5% Lilliefors Critical Value 0.146 Data appear Normal at 5% Significance Level
588 Data appear Normal at 5% Significance Level
589
590 Assuming Normal Distribution
591 95% Normal UCL 95% UCLs (Adjusted for Skewness)
592 95% Student's-t UCL 0.606 95% Adjusted-CLT UCL (Chen-1995) 0.61
593 95% Modified-t UCL (Johnson-1978) 0.607
594
595 Gamma GOF Test
596 A-D Test Statistic 0.454 Anderson-Darling Gamma GOF Test
597 5% A-D Critical Value 0.754 Detected data appear Gamma Distributed at 5% Significance Level
598 K-S Test Statistic/  0.096 Kolmogrov-Smirnoff Gamma GOF Test
599 5% K-S Critical Value 0.146 Detected data appear Gamma Distributed at 5% Significance Level
600 Detected data appear Gamma Distributed at 5% Significance Level
601
602 Gamma Statistics
603 k hat (MLE) 3.03 k star (bias corrected MLE) 2.802
604 Theta hat (MLE) 0.174 Theta star (bias corrected MLE) 0.188
605 nu hat (MLE)| 224.2 nu star (bias corrected)| 207.4
606 MLE Mean (bias corrected) 0.528 MLE Sd (bias corrected) 0.315
607 Approximate Chi Square Value (0.05) 175
608 Adjusted Level of Significance| 0.0431 Adjusted Chi Square Value| 173.8

609
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Assuming Gamma Distribution

21? 95% Approximate Gamma UCL (use when n>=50))‘ 0.625 ‘ 95% Adjusted Gamma UCL (use when n<50) ‘ 0.63

612

613 Lognormal GOF Test

614 Shapiro Wilk Test Statistic 0.895 Shapiro Wilk Lognormal GOF Test

615 5% Shapiro Wilk Critical Value 0.936 Data Not Lognormal at 5% Significance Level

616 Lilliefors Test Statistic 0.136 Lilliefors Lognormal GOF Test

617 5% Lilliefors Critical Value 0.146 Data appear Lognormal at 5% Significance Level

618 Data appear Approximate Lognormal at 5% Significance Level

619

620 Lognormal Statistics

621 Minimum of Logged Data| -3.219 Mean of logged Data, -0.813
622 Maximum of Logged Data 0.182 SD of logged Data 0.679
623

624 Assuming Lognormal Distribution

625 95% H-UCL 0.705 90% Chebyshev (MVUE) UCL 0.755
626 95% Chebyshev (MVUE) UCL 0.846 97.5% Chebyshev (MVUE) UCL 0.972
627 99% Chebyshev (MVUE) UCL 1.22

628

629 Nonparametric Distribution Free UCL Statistics

630 Data appear to follow a Discernible Distribution at 5% Significance Level

631

632 Nonparametric Distribution Free UCLs

633 95% CLT UCL 0.604 95% Jackknife UCL 0.606
634 95% Standard Bootstrap UCL 0.603 95% Bootstrap-t UCL 0.611
635 95% Hall's Bootstrap UCL 0.611 95% Percentile Bootstrap UCL 0.602
636 95% BCA Bootstrap UCL 0.604

637 90% Chebyshev(Mean, Sd) UCL 0.667 95% Chebyshev(Mean, Sd) UCL 0.73

638 97.5% Chebyshev(Mean, Sd) UCL 0.817 99% Chebyshev(Mean, Sd) UCL 0.988
639

640 Suggested UCL to Use

641 95% Student's-t UCL 0.606

642

643 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

644 These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)

645 and Singh and Singh (2003). However, simulations results will not cover all Real World data sets.

646 For additional insight the user may want to consult a statistician.

647
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649 Naphthalene
650
651 General Statistics
652 Total Number of Observations| 37 Number of Distinct Observations| 28
653 Number of Missing Observations 0
654 Minimum 0.16 Mean 1.38
655 Maximum 3.6 Median 1.1
656 SD 0.911 Std. Error of Mean 0.15
657 Coefficient of Variation 0.66 Skewness 1.2
658
659 Normal GOF Test
660 Shapiro Wilk Test Statistic 0.851 Shapiro Wilk GOF Test
661 5% Shapiro Wilk Critical Value 0.936 Data Not Normal at 5% Significance Level
662 Lilliefors Test Statistic 0.2 Lilliefors GOF Test
663 5% Lilliefors Critical Value 0.146 Data Not Normal at 5% Significance Level
664 Data Not Normal at 5% Significance Level
665
666 Assuming Normal Distribution
667 95% Normal UCL 95% UCLs (Adjusted for Skewness)
668 95% Student's-t UCL 1.633 95% Adjusted-CLT UCL (Chen-1995) 1.658
669 95% Modified-t UCL (Johnson-1978) 1.638
670
671 Gamma GOF Test
672 A-D Test Statistic 0.653 Anderson-Darling Gamma GOF Test
673 5% A-D Critical Value 0.756 Detected data appear Gamma Distributed at 5% Significance Level
674 K-S Test Statistic 0.125 Kolmogrov-Smirnoff Gamma GOF Test
675 5% K-S Critical Value 0.146 Detected data appear Gamma Distributed at 5% Significance Level
676 Detected data appear Gamma Distributed at 5% Significance Level
677
678 Gamma Statistics
679 k hat (MLE) 2.595 k star (bias corrected MLE) 2.403
680 Theta hat (MLE) 0.532 Theta star (bias corrected MLE) 0.575
681 nu hat (MLE)| 192 nu star (bias corrected) 177.8
682 MLE Mean (bias corrected) 1.38 MLE Sd (bias corrected) 0.89
683 Approximate Chi Square Value (0.05) 147.9
684 Adjusted Level of Significance| 0.0431 Adjusted Chi Square Value| 146.8

685
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686 Assuming Gamma Distribution
687 95% Approximate Gamma UCL (use when n>=50)‘ 1.659 ‘ 95% Adjusted Gamma UCL (use when n<50) ‘ 1.672
688
689 Lognormal GOF Test
690 Shapiro Wilk Test Statistic 0.962 Shapiro Wilk Lognormal GOF Test
691 5% Shapiro Wilk Critical Value 0.936 Data appear Lognormal at 5% Significance Level
692 Lilliefors Test Statistic/  0.0831 Lilliefors Lognormal GOF Test
693 5% Lilliefors Critical Value 0.146 Data appear Lognormal at 5% Significance Level
694 Data appear Lognormal at 5% Significance Level
695
696 Lognormal Statistics
697 Minimum of Logged Data| -1.833 Mean of logged Data 0.117
698 Maximum of Logged Data 1.281 SD of logged Data 0.671
699
700 Assuming Lognormal Distribution
701 95% H-UCL 1.772 90% Chebyshev (MVUE) UCL 1.898
702 95% Chebyshev (MVUE) UCL 2.124 97.5% Chebyshev (MVUE) UCL 2439
703 99% Chebyshev (MVUE) UCL 3.056
704
705 Nonparametric Distribution Free UCL Statistics
706 Data appear to follow a Discernible Distribution at 5% Significance Level
707
708 Nonparametric Distribution Free UCLs
709 95% CLT UCL 1.627 95% Jackknife UCL 1.633
710 95% Standard Bootstrap UCL 1.621 95% Bootstrap-t UCL 1.681
711 95% Hall's Bootstrap UCL 1.662 95% Percentile Bootstrap UCL 1.635
712 95% BCA Bootstrap UCL 1.648
713 90% Chebyshev(Mean, Sd) UCL 1.83 95% Chebyshev(Mean, Sd) UCL 2.033
714 97.5% Chebyshev(Mean, Sd) UCL 2.316 99% Chebyshev(Mean, Sd) UCL 2.87
715
716 Suggested UCL to Use
717 95% Adjusted Gamma UCL 1.672
718
719 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
720 These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
721 and Singh and Singh (2003). However, simulations results will not cover all Real World data sets.
792 For additional insight the user may want to consult a statistician.
723

724
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795 Phenanthrene
726
797 General Statistics
728 Total Number of Observations| 37 Number of Distinct Observations| 27
729 Number of Missing Observations 0
730 Minimum 0.1 Mean 1.943
731 Maximum 11 Median 1.4
732 SD 2.084 Std. Error of Mean 0.343
733 Coefficient of Variation 1.072 Skewness 3.002
734
735 Normal GOF Test
736 Shapiro Wilk Test Statistic 0.655 Shapiro Wilk GOF Test
737 5% Shapiro Wilk Critical Value 0.936 Data Not Normal at 5% Significance Level
738 Lilliefors Test Statistic 0.292 Lilliefors GOF Test
739 5% Lilliefors Critical Value 0.146 Data Not Normal at 5% Significance Level
740 Data Not Normal at 5% Significance Level
741
742 Assuming Normal Distribution
743 95% Normal UCL 95% UCLs (Adjusted for Skewness)
744 95% Student's-t UCL 2.522 95% Adjusted-CLT UCL (Chen-1995) 2.687
745 95% Modified-t UCL (Johnson-1978) 255
746
747 Gamma GOF Test
748 A-D Test Statistic 1.215 Anderson-Darling Gamma GOF Test
749 5% A-D Critical Value 0.766 Data Not Gamma Distributed at 5% Significance Level
750 K-S Test Statistic 0.186 Kolmogrov-Smirnoff Gamma GOF Test
751 5% K-S Critical Value 0.148 Data Not Gamma Distributed at 5% Significance Level
752 Data Not Gamma Distributed at 5% Significance Level
753
754 Gamma Statistics
755 k hat (MLE) 1.508 k star (bias corrected MLE) 1.404
756 Theta hat (MLE) 1.289 Theta star (bias corrected MLE) 1.385
757 nu hat (MLE)| 111.6 nu star (bias corrected)| 103.9
758 MLE Mean (bias corrected) 1.943 MLE Sd (bias corrected) 1.64
759 Approximate Chi Square Value (0.05) 81.35
760 Adjusted Level of Significance‘ 0.0431 Adjusted Chi Square Value, 80.48
761
762 Assuming Gamma Distribution
763 95% Approximate Gamma UCL (use when n>=50))‘ 2481 95% Adjusted Gamma UCL (use when n<50) 2.508
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764
765 Lognormal GOF Test
766 Shapiro Wilk Test Statistic 0.954 Shapiro Wilk Lognormal GOF Test
767 5% Shapiro Wilk Critical Value 0.936 Data appear Lognormal at 5% Significance Level
768 Lilliefors Test Statistic 0.131 Lilliefors Lognormal GOF Test
769 5% Lilliefors Critical Value 0.146 Data appear Lognormal at 5% Significance Level
770 Data appear Lognormal at 5% Significance Level
771
772 Lognormal Statistics
773 Minimum of Logged Data| -2.303 Mean of logged Data 0.297
774 Maximum of Logged Data 2.398 SD of logged Data 0.875
775
776 Assuming Lognormal Distribution
777 95% H-UCL 2.744 90% Chebyshev (MVUE) UCL 2.897
778 95% Chebyshev (MVUE) UCL 3.328 97.5% Chebyshev (MVUE) UCL 3.925
779 99% Chebyshev (MVUE) UCL 5.097
780
781 Nonparametric Distribution Free UCL Statistics
782 Data appear to follow a Discernible Distribution at 5% Significance Level
783
784 Nonparametric Distribution Free UCLs
785 95% CLT UCL 2.507 95% Jackknife UCL 2.522
786 95% Standard Bootstrap UCL 2.498 95% Bootstrap-t UCL 2.961
787 95% Hall's Bootstrap UCL 4.713 95% Percentile Bootstrap UCL 2.573
788 95% BCA Bootstrap UCL 2.718
789 90% Chebyshev(Mean, Sd) UCL 2971 95% Chebyshev(Mean, Sd) UCL 3.437
790 97.5% Chebyshev(Mean, Sd) UCL 4.083 99% Chebyshev(Mean, Sd) UCL 5.352
791
792 Suggested UCL to Use
793 95% H-UCL 2.744
794
795 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
796 These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
797 and Singh and Singh (2003). However, simulations results will not cover all Real World data sets.
798 For additional insight the user may want to consult a statistician.
799
800 ProUCL computes and outputs H-statistic based UCLs for historical reasons only.
801 H-statistic often results in unstable (both high and low) values of UCL95 as shown in examples in the Technical Guide.
802 It is therefore recommended to avoid the use of H-statistic based 95% UCLs.
803 Use of nonparametric methods are preferred to compute UCL95 for skewed data sets which do not follow a gamma distribution.
804

805
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806 Pyrene
807
808 General Statistics
809 Total Number of Observations| 37 Number of Distinct Observations| 29
810 Number of Missing Observations 0
811 Minimum 0.11 Mean 2.631
812 Maximum 13 Median 1.7
813 SD 2.652 Std. Error of Mean 0.436
814 Coefficient of Variation 1.008 Skewness 2.325
815
816 Normal GOF Test
817 Shapiro Wilk Test Statistic 0.745 Shapiro Wilk GOF Test
818 5% Shapiro Wilk Critical Value 0.936 Data Not Normal at 5% Significance Level
819 Lilliefors Test Statistic 0.224 Lilliefors GOF Test
820 5% Lilliefors Critical Value 0.146 Data Not Normal at 5% Significance Level
821 Data Not Normal at 5% Significance Level
822
823 Assuming Normal Distribution
824 95% Normal UCL 95% UCLs (Adjusted for Skewness)
825 95% Student's-t UCL 3.367 95% Adjusted-CLT UCL (Chen-1995) 3.526
826 95% Modified-t UCL (Johnson-1978) 3.395
827
828 Gamma GOF Test
829 A-D Test Statistic 0.638 Anderson-Darling Gamma GOF Test
830 5% A-D Critical Value 0.769 Detected data appear Gamma Distributed at 5% Significance Level
831 K-S Test Statistic 0.113 Kolmogrov-Smirnoff Gamma GOF Test
832 5% K-S Critical Value 0.148 Detected data appear Gamma Distributed at 5% Significance Level
833 Detected data appear Gamma Distributed at 5% Significance Level
834
835 Gamma Statistics
836 k hat (MLE) 1.387 k star (bias corrected MLE) 1.292
837 Theta hat (MLE) 1.897 Theta star (bias corrected MLE) 2.036
838 nu hat (MLE)| 102.6 nu star (bias corrected)| 95.63
839 MLE Mean (bias corrected) 2.631 MLE Sd (bias corrected) 2.314
840 Approximate Chi Square Value (0.05) 74.07
841 Adjusted Level of Significance‘ 0.0431 Adjusted Chi Square Value,  73.25
842
843 Assuming Gamma Distribution
844 95% Approximate Gamma UCL (use when n>=50)‘ 3.396 95% Adjusted Gamma UCL (use when n<50) 3.435

845
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846 Lognormal GOF Test
847 Shapiro Wilk Test Statistic 0.973 Shapiro Wilk Lognormal GOF Test
848 5% Shapiro Wilk Critical Value 0.936 Data appear Lognormal at 5% Significance Level
849 Lilliefors Test Statistic 0.11 Lilliefors Lognormal GOF Test
850 5% Lilliefors Critical Value 0.146 Data appear Lognormal at 5% Significance Level
851 Data appear Lognormal at 5% Significance Level
852
853 Lognormal Statistics
854 Minimum of Logged Data| -2.207 Mean of logged Data 0.565
855 Maximum of Logged Data 2.565 SD of logged Data 0.948
856
857 Assuming Lognormal Distribution
858 95% H-UCL 3.988 90% Chebyshev (MVUE) UCL 4.169
859 95% Chebyshev (MVUE) UCL 4.828 97.5% Chebyshev (MVUE) UCL 5.744
860 99% Chebyshev (MVUE) UCL 7.543
861
862 Nonparametric Distribution Free UCL Statistics
863 Data appear to follow a Discernible Distribution at 5% Significance Level
864
865 Nonparametric Distribution Free UCLs
866 95% CLT UCL 3.348 95% Jackknife UCL 3.367
867 95% Standard Bootstrap UCL 3.336 95% Bootstrap-t UCL 3.689
868 95% Hall's Bootstrap UCL 3.82 95% Percentile Bootstrap UCL 3.412
869 95% BCA Bootstrap UCL 3.505
870 90% Chebyshev(Mean, Sd) UCL 3.939 95% Chebyshev(Mean, Sd) UCL 4.531
871 97.5% Chebyshev(Mean, Sd) UCL 5.353 99% Chebyshev(Mean, Sd) UCL 6.968
872
873 Suggested UCL to Use
874 95% Adjusted Gamma UCL 3.435
875
876 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
877 These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
878 and Singh and Singh (2003). However, simulations results will not cover all Real World data sets.
879 For additional insight the user may want to consult a statistician.

880
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Benzo(a)pyrene

881

882

883 General Statistics

884 Total Number of Observations| 37 Number of Distinct Observations| 30
885 Number of Detects| 34 Number of Non-Detects 3
886 Number of Distinct Detects| 28 Number of Distinct Non-Detects 2
887 Minimum Detect| 0.067 Minimum Non-Detect,  0.01
888 Maximum Detect 2.7 Maximum Non-Detect| 0.05
889 Variance Detects 0.222 Percent Non-Detects 8.108%
890 Mean Detects 0.41 SD Detects 0.471
891 Median Detects 0.295 CV Detects 1.149
892 Skewness Detects 3.794 Kurtosis Detects 17.41
893 Mean of Logged Detects| -1.243 SD of Logged Detects 0.799
894

895 Normal GOF Test on Detects Only

896 Shapiro Wilk Test Statistic 0.599 Shapiro Wilk GOF Test

897 5% Shapiro Wilk Critical Value 0.933 Detected Data Not Normal at 5% Significance Level

898 Lilliefors Test Statistic 0.233 Lilliefors GOF Test

899 5% Lilliefors Critical Value 0.152 Detected Data Not Normal at 5% Significance Level

900 Detected Data Not Normal at 5% Significance Level

901

902 Kaplan-Meier (KM) Statistics using Normal Critical Values and other Nonparametric UCLs

903 Mean 0.377 Standard Error of Mean|  0.0764
904 SD 0.458 95% KM (BCA) UCL 0.53
905 95% KM (t) UCL 0.506 95% KM (Percentile Bootstrap) UCL 0.52
906 95% KM (z) UCL 0.503 95% KM Bootstrap t UCL 0.624
907 90% KM Chebyshev UCL 0.607 95% KM Chebyshev UCL 0.71
908 97.5% KM Chebyshev UCL 0.855 99% KM Chebyshev UCL 1.138
909

910 Gamma GOF Tests on Detected Observations Only

911 A-D Test Statistic 0.863 Anderson-Darling GOF Test

912 5% A-D Critical Value 0.765 Detected Data Not Gamma Distributed at 5% Significance Level
913 K-S Test Statistic 0.136 Kolmogrov-Smirnoff GOF

914 5% K-S Critical Value 0.154 Detected data appear Gamma Distributed at 5% Significance Level
915 Detected data follow Appr. Gamma Distribution at 5% Significance Level

916

917 Gamma Statistics on Detected Data Only

918 k hat (MLE) 1.572 k star (bias corrected MLE) 1.453
919 Theta hat (MLE) 0.261 Theta star (bias corrected MLE) 0.282
920 nu hat (MLE)| 106.9 nu star (bias corrected)| 98.78
921 MLE Mean (bias corrected) 0.41 MLE Sd (bias corrected) 0.34
922

923 Gamma Kaplan-Meier (KM) Statistics

924 k hat (KM) 0.679 nu hat (KM) ~ 50.23
925 Approximate Chi Square Value (50.23,a)| 34.96 Adjusted Chi Square Value (50.23, B)  34.4
926 95% Gamma Approximate KM-UCL (use when n>=50) 0.542 95% Gamma Adjusted KM-UCL (use when n<50) 0.551

927




B | c | D | E | F | G | H | I | J | K | L
928 Gamma ROS Statistics using Imputed Non-Detects
929 GROS may not be used when data set has > 50% NDs with many tied observations at multiple DLs
930 GROS may not be used when kstar of detected data is small such as < 0.1
931 For such situations, GROS method tends to yield inflated values of UCLs and BTVs
932 For gamma distributed detected data, BTVs and UCLs may be computed using gamma distribution on KM estimates
933 Minimum/|  0.01 Mean 0.377
934 Maximum 2.7 Median 0.22
935 SD 0.464 cv 1.23
936 k hat (MLE) 1.06 k star (bias corrected MLE) 0.992
937 Theta hat (MLE) 0.356 Theta star (bias corrected MLE) 0.38
938 nu hat (MLE)| 78.44 nu star (bias corrected)|  73.41
939 MLE Mean (bias corrected) 0.377 MLE Sd (bias corrected) 0.379
940 Adjusted Level of Significance (8)  0.0431
941 Approximate Chi Square Value (73.41,a) 54.68 Adjusted Chi Square Value (73.41,8)  53.98
942 95% Gamma Approximate UCL (use when n>=50) 0.507 95% Gamma Adjusted UCL (use when n<50) 0.513
943
944 Lognormal GOF Test on Detected Observations Only
945 Shapiro Wilk Test Statistic 0.971 Shapiro Wilk GOF Test
946 5% Shapiro Wilk Critical Value 0.933 Detected Data appear Lognormal at 5% Significance Level
947 Lilliefors Test Statistic 0.111 Lilliefors GOF Test
948 5% Lilliefors Critical Value 0.152 Detected Data appear Lognormal at 5% Significance Level
949 Detected Data appear Lognormal at 5% Significance Level
950
951 Lognormal ROS Statistics Using Imputed Non-Detects
952 Mean in Original Scale 0.38 Mean in Log Scale, -1.393
953 SD in Original Scale 0.462 SD in Log Scale 0.921
954 95% t UCL (assumes normality of ROS data) 0.508 95% Percentile Bootstrap UCL 0.516
955 95% BCA Bootstrap UCL 0.565 95% Bootstrap t UCL 0.624
956 95% H-UCL (Log ROS) 0.54
957
958 UCLs using Lognormal Distribution and KM Estimates when Detected data are Lognormally Distributed
959 KM Mean (logged)| -1.516 95% H-UCL (KM -Log) 0.747
960 KM SD (logged) 1.188 95% Critical H Value (KM-Log) 2.613
961 KM Standard Error of Mean (logged) 0.198
962
963 DL/2 Statistics
964 DL/2 Normal DL/2 Log-Transformed
965 Mean in Original Scale 0.378 Mean in Log Scale -1.485
966 SD in Original Scale 0.464 SD in Log Scale 1.147
967 95% t UCL (Assumes normality) 0.507 95% H-Stat UCL 0.713
968 DL/2 is not a recommended method, provided for comparisons and historical reasons
969
970 Nonparametric Distribution Free UCL Statistics
971 Detected Data appear Approximate Gamma Distributed at 5% Significance Level
972
973 Suggested UCL to Use
974 95% KM (Chebyshev) UCL 0.71 95% GROS Adjusted Gamma UCL 0.513
975 95% Adjusted Gamma KM-UCL 0.551
976
977 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
978 Recommendations are based upon data size, data distribution, and skewness.
979 These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

980

However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.
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981
982
983 Total PAHs
984
985 General Statistics
986 Total Number of Observations| 31 Number of Distinct Observations | 22
987 Number of Missing Observations 0
988 Minimum 2.1 Mean 14.89
989 Maximum 79 Median 13
990 SD 14.41 Std. Error of Mean 2.589
991 Coefficient of Variation 0.968 Skewness 3.334
992
993 Normal GOF Test
994 Shapiro Wilk Test Statistic 0.631 Shapiro Wilk GOF Test
995 5% Shapiro Wilk Critical Value 0.929 Data Not Normal at 5% Significance Level
996 Lilliefors Test Statistic 0.318 Lilliefors GOF Test
997 5% Lilliefors Critical Value 0.159 Data Not Normal at 5% Significance Level
998 Data Not Normal at 5% Significance Level
999
1000 Assuming Normal Distribution
1001 95% Normal UCL 95% UCLs (Adjusted for Skewness)
1002 95% Student's-t UCL|  19.29 95% Adjusted-CLT UCL (Chen-1995)  20.81
1003 95% Modified-t UCL (Johnson-1978)  19.55
1004
1005 Gamma GOF Test
1006 A-D Test Statistic 1.087 Anderson-Darling Gamma GOF Test
1007 5% A-D Critical Value 0.759 Data Not Gamma Distributed at 5% Significance Level
1008 K-S Test Statistic 0.208 Kolmogrov-Smirnoff Gamma GOF Test
1009 5% K-S Critical Value 0.16 Data Not Gamma Distributed at 5% Significance Level
1010 Data Not Gamma Distributed at 5% Significance Level
1011
1012 Gamma Statistics
1013 k hat (MLE) 1.985 k star (bias corrected MLE) 1.814
1014 Theta hat (MLE) 7.503 Theta star (bias corrected MLE) 8.208
1015 nu hat (MLE)| 123.1 nu star (bias corrected)| 112.5
1016 MLE Mean (bias corrected) 14.89 MLE Sd (bias corrected) 11.06
1017 Approximate Chi Square Value (0.05) 89.01
1018 Adjusted Level of Significance| 0.0413 Adjusted Chi Square Value,  87.85
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1020 Assuming Gamma Distribution
1021 95% Approximate Gamma UCL (use when n>=50))‘ 18.82 ‘ 95% Adjusted Gamma UCL (use when n<50) ‘ 19.07
1022
1023 Lognormal GOF Test
1024 Shapiro Wilk Test Statistic 0.955 Shapiro Wilk Lognormal GOF Test
1025 5% Shapiro Wilk Critical Value 0.929 Data appear Lognormal at 5% Significance Level
1026 Lilliefors Test Statistic 0.164 Lilliefors Lognormal GOF Test
1027 5% Lilliefors Critical Value 0.159 Data Not Lognormal at 5% Significance Level
1028 Data appear Approximate Lognormal at 5% Significance Level
1029
1030 Lognormal Statistics
1031 Minimum of Logged Data 0.742 Mean of logged Data 2.428
1032 Maximum of Logged Data 4.369 SD of logged Data 0.721
1033
1034 Assuming Lognormal Distribution
1035 95% H-UCL|  19.44 90% Chebyshev (MVUE) UCL| 20.7
1036 95% Chebyshev (MVUE) UCL|  23.48 97.5% Chebyshev (MVUE) UCL| 27.34
1037 99% Chebyshev (MVUE) UCL|  34.93
1038
1039 Nonparametric Distribution Free UCL Statistics
1040 Data appear to follow a Discernible Distribution at 5% Significance Level
1041
1042 Nonparametric Distribution Free UCLs
1043 95% CLTUCL, 19.15 95% Jackknife UCL|  19.29
1044 95% Standard Bootstrap UCL|  19.13 95% Bootstrap-t UCL|  23.6
1045 95% Hall's Bootstrap UCL|  38.63 95% Percentile Bootstrap UCL 19.64
1046 95% BCA Bootstrap UCL| 21.89
1047 90% Chebyshev(Mean, Sd) UCL|  22.66 95% Chebyshev(Mean, Sd) UCL|  26.18
1048 97.5% Chebyshev(Mean, Sd) UCL|  31.06 99% Chebyshev(Mean, Sd) UCL|  40.65
1049
1050 Suggested UCL to Use
1051 95% Chebyshev (Mean, Sd) UCL|  26.18
1052
1053 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
1054 These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
1055 and Singh and Singh (2003). However, simulations results will not cover all Real World data sets.
1056 For additional insight the user may want to consult a statistician.

1057
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1.0 Disclaimer

This report is limited to observations made on April 20-23, 2015 during a SCUBA survey of the
area. All efforts were made to place transects in the area to get a representation of the fish and
fish habitat in the area. The transects were also placed in importance to questionable areas
and limited in some areas due to manmade structures on site. The focus of the survey was to
collect video and habitat information of the subtidal in areas where sediment is being tested for
contamination and compared to other areas in the area.

Subtidal Habitat Survey by SSEA



2.0 Summary

Eelgrass was present in the shallows on transects 1 and 2. This habitat is limited and generally
protected due to its fish habitat value.

Food, social or ceremonial important fish in the area are:
Red rock crab, Dungeness crab, Giant sea cucumber, Rock scallop, Swimming scallop, Nuttalls
cockle, Pacific gaper clam, Fat gaper clam and Rock sole.

There was manmade debris on most transects during the survey ranging from tires to toilets.

All transects were surveyed with using video and underwater scribing. There were some issues
with vessel travel and scheduling but with good communication with the SEASPAN terminal we
were able to get short windows to cover the area fully.
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3.0 Introduction

Subtidal Surveying and Environmental Assessors (SSEA) has been contacted to complete a
subtidal fish and fish habitat survey of the marine area around the SEASPAN terminal at
Nanaimo Port 1 drive.

The goals of the survey are:

1. Provide a description of the physical and biological characteristics of the surveyed
habitats.

Find suitable shellfish and vegetation to collect for tissue analysis.

Provide video and photos of the survey.

Provide a habitat profile of the transects.

Provide written summary of fish and fish habitat observed during the survey.

arwbd

4.0 Methods

Prior to the fieldwork, transects were plotted to represent coverage of the area, ensure coverage
of areas of concern and limitations due to manmade structures.

In most cases the lead transect line was laid from the shore out to the deep end of the tenure for
the divers to follow. In some cases where the vessel could not get to the shore the divers would
swim the line into the shore. The SCUBA divers would go down the deep end and start the
survey. One diver collected video and the other scribed the fish habitat data. The transect line
is marked every 1m, 5m and 10m. The numbers on the transect line are used as a measuring
device and do not correspond to the data sheets.

5.0 Results from Underwater Survey
Transect 1

The substrate is a soft sediment characterized by mud and wood debris in the deep and turns to
sand with wood debris until you get close to the intertidal. The common animals in the area are:
Dungeness crab, red rock crab, leather stars, tubeworms and flatfish. Other macrofauna
included; unknown snails, nudibranchs, horseclams, hermit crabs, gunnel, giant anemones, and
barnacles. Eelgrass was present close to the intertidal with very little other macroflaura. A low
percentage of leafy algae and flat kelp was recorded. Other debris such as tires, electrical wire,
metal wire and chain was also observed.

Transect 2

The substrate is soft sediment characterized by mud and sand with woody debris found along
the majority of the transect. The common animals in the area are: Dungeness crab, red rock
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crab, tubeworms, hermit crab, and snails. Other macrofauna included; plumose anemone,
leather star, pacific gaper, Beggiatoa, pipefish, and decorator crab. Eelgrass was observed at
the intertidal/subtidal zone along with Sargassum, small amounts of fine red algae, and some
small leafy algae.

Transect 3

The substrate is soft sediment of mud, sand and shell in the subtidal turning to bolders in the
intertidal. The common animals in the area are: tubeworms, horse clams, and cockles. Other
macrofauna included; giant plumose anemone, Dungeness crab, snails, heath’s dorid, leather
star, nudibranchs, red rock crab, hermit crab, rock sole, giant pink star, white spotted greenling,
barnacles, shiner perch and northern spearnose poacher. The macroflora was mostly found in
the first 2m of water close to the intertidal was mostly leafy algae and stringy algae. There was
flat kelp present in the deep in one quadrat.

.Transect 4

The substrate is soft sediment in the deep until you get into 4.5m of water where it turns to
boulders with some cobble and gravel. The common animals in the area are: tubeworms.
Other macrofauna included; cockle, rock sole, Dungeness crab, chiton, snails, heaths dorid,
barnacles, leather star, decorator crab, shiner perch and kelp crab. Flat kelp started in 6 m of
water with leafy algae and stringy algae also being present. Rockweed was found up to 1.87 m
above datum.

Transect 5

The substrate is a mix of soft sediment with shell and gravel. There is woody debris also found
in the area. The common animals in the area are: tubeworms, snails, rock sole, piddock clam,
barnacles and perch. Other macrofauna observed are; orange finger sponge, kelp greenling,
swimming scallop, sea peach, purple sea star, blackeye goby and copper rockfish. A toilet and
metal pipe was observed on this transect. Leafy algae was found along the transect. Flat kelp
and leafy algae were also found at 6.43 m below datum.

Transect 6

The substrate in the area was mixed with mud in the deep turning to cobble then a mix of shell
and boulder closer to the shore. The common animals found in the area are: tubeworms,
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piddock clam, and barnacles. Other macrofauna found include; Dungeness crab, heaths dorid,
hermit crab, bryozoans, leather star, stalked vase sponge, rock sole, horse clam, cockle and
pile perch. A low amount of macroflora was observed for most of the transect. Leafy algae and
flat kelp were present. Old pilings were observed under the dock close to the shore.

Transect 7

The substrate in the area is mud in the deep and turns to primarily boulders in the intertidal.
The common animals in the area are: tubeworms, horse clam, cockle, barnacles, and snails.
Other macrofauna found include; heaths dorid, rock sole, giant sea anemone, giant sea
cucumber, brittle star, red rock crab, white spotted greenling and limpets. An old crab trap was
observed on this transect. A mix of stringy algae, leafy algae and flat kelp were found in the
intertidal area on this transect.

Transect 8

The substrate in the area is primarily mud with some woody debris. The substrate changes to
cobble and boulder in the intertidal. The common animals found are: tubeworms, snails,
cockles, giant sea anemone, and barnacles. Other macrofauna include; rock sole, red rock
crab, Dungeness crab, white spotted greenling, leather star, purple sea star and striped sea
perch. The vegetation was limited to the intertidal and included; stringy algae, leafy algae, flat
kelp and rockweed.

Transect 9

The substrate is primarily mud until you get into the intertidal where it turns to boulder. The
common animals observed include: tubeworms, snails and barnacles. Other macrofauna
include; cockle, English sole, white lined nudibranch, giant sea anemone, feather duster worm,
Dungeness crab, horse clam, pile perch, purple sea star, blackeye goby, broad based tunicate,
leather star and rock scallop. Leafy algae was the dominate form of vegetation and mostly in
the intertidal. There was bubbling sand close to the intertidal which looked like a liquid seeping
through as there were no bubbles.

Transect 10

The dominant substrate was mud then became boulders in the intertidal. The common animals
found were: tubeworms, snails, giant sea anemone, and barnacles. Other macrofauna were;
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gray brittle star, pipefish, hermit crab, and sand star. There was a mixture of vegetation found
along the transect with most of it found in the intertidal. The dominant vegetation was leafy and
stringy algae. Wooden piling were observed along the transect.

6.0 Discussion

The primary substrate in the area is a soft bottom of either mud or sand. There is areas
of shell and gravel in the subtidal with the primary substrate becoming boulder in the
intertidal. The common animals in the area are; tubeworms, snails, Dungeness crab,
red rock crab, horse clams, cockles, rock sole, leather star, giant sea anemone, purple
star, sand star, heath’s dorid, shiner perch, striped sea perch and pile perch. The
common seaweed in the area are: sea lettuce, rockweed, sugar wrack kelp and
Japanese weed. The leafy algae in either green (sea lettuce) or red (varies), stringy
algae is mostly red algae hard to determine with the short time allocated. The stringy
algae may also be green or brown. Flat kelp is brown seaweed and primarily Laminaria
saccharina but may consist of other species.
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Figures

Figure 1. Nanaimo British Columbia, Canada.
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Figure 2. Area of interest.
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Figure 3. Transect lines

SCALE 25m chart in Metres

noz 2
5 004
49 09.871 N
7| 12355733 W
A, 226777 km - 323 T
s 3

12

Subtidal Habitat Survey by SSEA



Photos

Photo 1 Nuttall’'s cockle.- Clinocardium nuttallii
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Photo 2 Dungeness crab - Cancer magister
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Fucus gardneri

Rock weed —

Photo 3
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Appendix 1 Habitat Profiles.
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Appendix 2 Species List

Species List for April 20-23, 2015
Subtidal Biological Survey

Percent cover of survey area: +=<5%, 1 = 6-25%, 2 = 26-50%, 3 = 51-75%, 4 = 76-100%

Biota Substrate
Diatoms
Bacteria
Seaweeds/Seagrasses
Invertebrates
Planktonic

Hard bottom

Soft bottom

Species Name

Bacillariophyta
Beggiatoa ssp

Ulva fenestrata
Laminaria
saccharina
Fucus gardneri
Sargassum
muticum
Zostera marina

Mitrocoma
cellularia
Metridium farcimen
Pisaster ochraceus
Evasterias
troschelii

Pisaster
brevispinus
Crassadoma
gigantea

Dirona albolineata
Geitodoris heathi
Leucilla nuttingi
Neoesperiopsis
rigida

Eudistylia
vancouveri
Telmessus
cheiragonus
Oregonia gracilis

Cancer producta
Cancer magister
Luidia foliolata
Dermasterias
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Common Name

Brown grunge

Beggiatoa

Sea lettuce

Sugar wrack kelp

Rockweed

Japanese weed
Eelgrass

Cross jellyfish

Giant plumose anemone
Ochre star

Mottled star

Giant pink star

Rock scallop

Frosted nudibranch
Heath’s dorid

Stalked Vase sponge
Orange finger sponge
Feather duster worm
Helmet crab

Graceful decorator crab
Red rock crab
Dungeness crab

Sand star

Leather star

Presence

B o+ P+
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Fish

Mammal

imbricata
Parastichopus
californicus
Zirfaea pilsbryi
Chlamys rubida
Clinocardium
nuttallii

Myxicola
infundibuluma
Cucumaria miniata
Tresus nuttallii
Tresus capax
Peltodoris nobilis
Ophiura lutkeni
Cymatogaster
aggregata
Embiotoca lateralis
Rhacochilus vacca
Coryphopterus
nicholsi

Sygnathus
leptorhynchus
Lepidopsetta
bilineata
Agonopsis vulsa

Hexagrammos
stelleri

Phoca vitulina
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Giant sea cucumber

Rough piddock
Swimming scallop

Nuttall’s cockle

Slime tube feather
duster

Red sea cucumber
Pacific gaper

Fat gaper

Noble sea lemon
Gray brittle star
Shiner perch

Striped sea perch
Pile perch
Blackeyed Goby
Bay pipefish

Rock sole

Northern spearnose
poacher
Whitespotted greenling

Harbor seal

+ o+ P e+

[N
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Location Site and Transect T1

Dive #3 - Date April 20th ,2015 Field Data Sheet

Deep Time start Time end

Shallow Video start Video end

Length (m) 147 Picture # deep Picture # shallow

Max depth (ft) 23 Visibility (ft) Total Time

Distance (m) Depth Time Substrate Seaweeds/Seagrasses Animals
(m) (PDT)
0 9.67 1516 m90wd10 rock sole, tube worms
10 -9.06 1518 wd55m45 metal debris red rock crab, Dungeness crab
20 -8.75 1521 m95wd5 unknown snail ¢, tube worms ¢
30 -7.53 1523 s95wd5 Dungeness crab f, tube worms ¢
40 -6.32 1525 s95wd5 lemon dorid nudibranch
50 -4.79 1527 s100 Dungeness crab f, horse clam f
60 -3.17 1531 s90wd10 Sargassum 5 hermit crab f, tube worms c
70 -2.56 1534 s80wd20 drift LA 5 leather stars f, barnacles
80 -2.25 1536 s70gg30 chain links LA 5 gunnel f, flatfish f
90 -2.25 1538 s70wd30 LA drift 10 Dungeness crab f, nudibranch f
100 -2.46 1541 s80wd10gg10 electrical wire giant anemone f, red rock crab f
110 2.76 1544 s90wd5gg5 leather star f, red rock crab f
120 1547 s50gg25wd25 KF5LA 10 giant anemone f, lemon dorid f, barnacles
-2.76 f, leather star f

130 -1.24 1550 s75c25 metal wire and chain red rock crab f, rock sole
140 -0.02 1553 s100 GR 10, KF 5 pipefish f, barnacle f
147 0.90 1554 ¢c90gg10 barnacle f, leather star f

% cover: + =<5%, 1 =6-25%, 2 = 26-50%, 3 = 51-75%, 4 = 76-100%

Substrate: BedRock Boulder Cobble Gravel Sand SHell Silt/Mud/Clay

Woody Debris in % covered.

Comments:

Wind

, sky

Abundance: 1-10 few, 11-20 common, 21- 50 abundant, 51-100 dominant

Vegetation: RockWeed, KelpFlat, KelpStanding, EelGRass, LeafyAlgae,

Stringy Algae, GrunGe

Depth corrected by 1.2-1.6m 1510 1.2, 1520 1.3, 1530 1.4, 1540 1.5 1550 1.6 m for datum

Water Temperature

Subtidal Surveying & Environmental Assessors (SSEA)

May 11, 2015
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Location Site and Transect Nanaimo port 1 T2 - Dive #1 - Date April 21st ,2015 Field Data Sheet
Deep Time start Time end
Shallow Video start Video end
Length (m) _145 Picture # deep Picture # shallow
Max depth (ft) 35 Visibility (ft) 20 Total Time
Distance (m) Depth Time Substrate Seaweeds/Seagrasses Animals
(m) | (PDT)
0 -9.67 1527 m75wd25 hermit crab f, snails f, tube worms f
10 -9.06 1529 m50wd50 tube worms ¢
20 -8.75 1531 m75wd25 plumose anemone, tubeworms c
30 -7.53 1534 m50wd50 Dungeness crab f, tubeworms f, hermit
40 -6.32 1537 m80wd10sh5gg5 hermit crab f, tubeworms f
50 -4.79 1539 m100 leather star, tubeworms f, pacific gaper
60 -3.17 1541 m90wd5sh5 burrowing shrimp hole
70 -2.56 1543 s50sh50 barnacles a, snails f
80 -2.25 1545 s90sh10 red rock crab
20 1547 s90sh10 eelgrass 5, sa + red rock crab, rock sole, leather star,
-2.25 tube worms f
100 -2.46 1549 s90wd5sh5 sa5,la+ shails f, Beggiatoa present
110 -2.76 1553 m85gg10w5 metal pipe, la 5 clam siphon, snails f, barnacles a
120 -2.76 1556 m75wd20c5 la 10 drift pipefish f, red rock crab f, barnacles a
130 1555 gg50m50 sa20, la 10, Sargassum 5 Dungeness crab, decorator crab,
-1.24 barnacles d
140 1600 m50wd50 eelgrass 5, Sargassum 20, rockweed barnacles f, rock sole
-0.02 drift
145 0.90 1602 p50c50 sa 5, Sargassum 5 barnacles a

% cover: + =<5%, 1 =6-25%, 2 = 26-50%, 3 = 51-75%, 4 = 76-100%

Substrate: BedRock Boulder Cobble Gravel Sand SHell Silt/Mud/Clay

Woody Debris in % covered.

Comments:

Wind

light

, Sky sunny

Stringy Algae, GrunGe

Abundance: 1-10 few, 11-20 common, 21- 50 abundant, 51-100 dominant

Vegetation: RockWeed, KelpFlat, KelpStanding, EelGRass, LeafyAlgae,

Depth corrected by 0.8-1.1m 1500 .8 1515 .9 1530 1.0 1545 1.1m for datum
Water Temperature  °C

White spotted greenling

Subtidal Surveying & Environmental Assessors (SSEA)

May 11, 2015




Location Site and Transect Nanaimo port 1 T3 - Dive #1 - Date April 22nd ,2015 Field Data Sheet

Deep Time start Time end
Shallow Video start Video end
Length (m) _126 Picture # deep Picture # shallow
Max depth (ft) 36 Visibility (ft) Total Time
Distance (m) Depth Time Substrate Seaweeds/Seagrasses Animals
(m) (PDT)
0 1523 M60WD40 SAS5 Dungeness crab, giant plumose
-10.07 anemone f, tube worms f
10 -9.46 1526 M60WD35GG5
20 -9.46 1528 M60WD30SH10
30 -8.55 1530 M85WD10SH5 snails f, heath’s dorid
40 -7.02 1535 WD90M10 leather star, nudibranch, tube worms f
50 -5.81 1537 WD50M45GG5 barnacles c, leather star
60 -4.28 1539 S60SH30WD10 KF 60 red rock crab
70 1542 S95WD5 hermit crab f, snails f, barnacles f,
-2.45 cockles f, horse clam, rock sole
80 1545 S95C5 horse clam f, snails f, barnacles f,
-1.23 tubeworms f
90 -1.13 1547 S95SH5 giant pink star
100 -2.05 1549 M95WD5 LAS horse clam
110 -2.05 1551 M80WD20 LA10 red rock crab f, cockle
120 -0.52 1554 M90C10 SA5 white spotted greenling, barnacle f
126 1556 C60B40 SA30LA 20 shiner perch f, barnacle f, northern
0.39 spearnose poacher
% cover: + =<5%, 1 =6-25%, 2 = 26-50%, 3 = 51-75%, 4 = 76-100% Abundance: 1-10 few, 11-20 common, 21- 50 abundant, 51-100 dominant
Substrate: BedRock Boulder Cobble Gravel Sand SHell Silt/Mud/Clay Vegetation: RockWeed, KelpFlat, KelpStanding, EelGRass, LeafyAlgae,
Woody Debris in % covered. Stringy Algae, GrunGe
Comments:
e Wind 10N , sky partly cloudy

e  Depth corrected by 1530 .9 1600 1.0m for datum
. Water Temperature  °C

Subtidal Surveying & Environmental Assessors (SSEA)
May 11, 2015



Location Site and Transect Nanaimo port 1 T4 - Dive #2 - Date April 23rd ,2015 Field Data Sheet
Deep Time start Time end
Shallow Video start Video end
Length (m) _100 Picture # deep Picture # shallow
Max depth (ft) 47 Visibility (ft) Total Time
Distance (m) Depth Time Substrate Seaweeds/Seagrasses Animals
(m) | (PDT)
0 -10.53 936 M95SH5
10 -10.53 937 M85SH10WD5S tubeworms f, cockle
20 -10.83 939 M75SH5WD20 rock sole
30 -10.83 941 M75SH5WD20 Dungeness crab
40 -10.53 944 M70WD20GG10 tubeworms f, chiton, clam shows
50 -9.92 946 M70WD30 shails f, tubeworms f
60 -9.10 948 WD90GG10 heaths dorid
70 -7.88 950 M25C25WD25SH25 squid eggs, rock sole
80 -6.05 952 SH40S40C20 KF 25 barnacles a
85 -4.53 954 B100 LA15KF30SA5 leather star, barnacles d
90 957 B20C15G15SH50 SA 15 KF 20 leather star, decorator crab, barnacles
-2.40 d, tubeworms f
100 1.87 959 B100 LA 20 RW30 SA 10 shiner perch f, barnacles d, kelp crab

% cover: +=<5%, 1 =6-25%, 2 = 26-50%, 3 = 51-75%, 4 = 76-100%

Substrate: BedRock Boulder Cobble Gravel Sand SHell Silt/Mud/Clay
Woody Debris in % covered.

Comments:

. Wind , sky

Abundance: 1-10 few, 11-20 common, 21- 50 abundant, 51-100 dominant

Vegetation: RockWeed, KelpFlat, KelpStanding, EelGRass, LeafyAlgae,

Stringy Algae, GrunGe

e  Depth corrected by 930 3.8 1000 3.7m for datum

. Water Temperature  °C

Subtidal Surveying & Environmental Assessors (SSEA)
May 11, 2015




Location Site and Transect Nanaimo port 1 T5 - Dive #1 - Date April 22nd ,2015 Field Data Sheet
Deep Time start Time end
Shallow Video start Video end
Length (m) 120 Picture # deep Picture # shallow
Max depth (ft) 41 Visibility (ft) 15 Total Time
Distance (m) Depth | Time Substrate Seaweeds/Seagrasses Animals
(m) | (PDT)
0 1212 M90C10 LA + rock sole, piddock clam, tubeworms
-10.30 c, snails ¢
10 1215 M75WD10SH10C5 piddock clam f, sponge f, hermit
-9.79 crab, rock sole
20 -9.48 | 1218 G80C10SH10 rock sole, snail f, tubeworms f
30 1221 G50M35SH10 LA + tubeworms f, sponge on woody
-9.18 debris
32 -9.18 1224 toilet bowl tubeworms f, sponge on cobble
40 -9.28 | 1224 M50C20SH20GG10
50 -8.97 1226 | WD40C30M5SH20GG5 KF 5 tubeworms f
60 -8.97 1229 C75SH25 sea star, tubeworms f
70 -8.77 1232 SH85C15 metal pipe, GG5, LA 5 tubeworms c, rock sole
80 -7.85 | 1234 SH75WD10C10GG5 barnacles d, tubeworms c
90 -7.85 | 1236 SH90C10 barnacles a, male kelp greenling
100 1238 B70SH30 LA 30, KF10 swimming scallop, sea peach,
barnacles d, orange finger sponge,
-6.43 purple sea star
110 1243 SH65WD20C15GG5 pile perch c, barnacles a, purple rock
-5.82 sponge
120 -4.60 | 1246 B95GG5 shrimp, barnacles d
shiner perch, pile perch a, male kelp
greenling, blackeye goby, sea peach,
purple sea star, rockfish

% cover: + =<5%, 1 =6-25%, 2 = 26-50%, 3 = 51-75%, 4 = 76-100% Abundance: 1-10 few, 11-20 common, 21- 50 abundant, 51-100 dominant

Substrate: BedRock Boulder Cobble Gravel Sand SHell Silt/Mud/Clay
Woody Debris in % covered.

Vegetation: RockWeed, KelpFlat, KelpStanding, EelGRass, LeafyAlgae,
Stringy Algae, GrunGe

Comments:
e Wind 5NW , sky partly cloudy
e  Depth corrected by 1200 2.3 1300 1.6m for datum
e  Water Temperature 50 °F

Subtidal Surveying & Environmental Assessors (SSEA)
May 11, 2015



Location Site and Transect Nanaimo port 1 T6 - Dive #1 - Date April 23rd ,2015 Field Data Sheet
Deep Time start Time end
Shallow Video start Video end
Length (m) 124 Picture # deep Picture # shallow
Max depth (ft) 49 Visibility (ft) Total Time
Distance (m) Depth Time Substrate Seaweeds/Seagrasses Animals
(m) | (PDT)
0 841 M85SH10GG5 tubeworms f, Dungeness crab, piddock
-10.30 clam f
10 -9.79 845 M40SH10C45GG5 LA + piddock clam, tubeworms f
20 -9.48 847 M80SH15C5 tubeworms f
30 -9.18 849 M65SH20WD10C5 piddock clam f, heaths dorid
40 -9.18 851 C75R5SH10GG10 piddock clam, hermit crab, bryozoan
50 -9.28 854 C50M30SH20 tubeworms f, bryozoans, red rock crab
60 855 C70SH20WD10 KF 5, LAS5 leather star, barnacles a, stalked vase
-8.97 sponge
70 -8.97 858 SH70GG15B10WD5 SA 5 barnacles a
80 -8.77 900 B30C30SH20GG20 LA+ barnacles a, tubeworms f
90 -7.85 903 SH90C10 LAS barnacles c
100 -7.85 904 B40C30SH30 rock sole, tubeworms c, barnacles d
110 -6.43 907 SH85C10GG5 horse clam, cockle
120 910 B60SH30GG10 LA 5, KF5 barnacles d, tubeworms c, pink
-5.82 bryozoan
124 -4.60 912 B90SH10 pilings under dock pile perch f

% cover: + =<5%, 1 =6-25%, 2 = 26-50%, 3 = 51-75%, 4 = 76-100%

Substrate: BedRock Boulder Cobble Gravel Sand SHell Silt/Mud/Clay
Woody Debris in % covered.

Comments:
e  Wind , sky partly cloudy,rain
e  Depth corrected by 3.9m for datum
. Water Temperature 50 °F

Subtidal Surveying & Environmental Assessors (SSEA)
May 11, 2015

Abundance: 1-10 few, 11-20 common, 21- 50 abundant, 51-100 dominant

Vegetation: RockWeed, KelpFlat, KelpStanding, EelGRass, LeafyAlgae,

Stringy Algae, GrunGe




Location Site and Transect Nanaimo port 1 T7 - Dive #3 - Date April 23rd ,2015 Field Data Sheet

Deep Time start Time end
Shallow Video start Video end
Length (m) _40 Picture # deep Picture # shallow
Max depth (ft) 35 Visibility (ft) Total Time
Distance (m) Depth Time Substrate Seaweeds/Seagrasses Animals
(m) (PDT)
0 -7.27 1037 M90 heaths dorid, snails ¢, tubeworms c
5 1039 M90SH10 snails c, tubeworms f, horse clam,
-6.66 cockle, giant sea anemone
10 1040 M90SH10 horse clam, cockle, barnacles a, snails
-6.05 c, rock sole
15 1043 M85SH10C5 SA5 horse clam f, cockle, red rock crab,
-5.13 barnacles a
20 1045 M75SH15WD5GG5 cockles f, horse clam, snalils c,
-3.92 tubeworms f, barnacles a
25 1048 M70GG30 old crab trap giant sea anemones c, giant sea
-2.39 cucumber f
30 -0.56 1050 M95C5 SAS barnacles a, snails c, brittle star
35 1052 B90GG10 SA30 LA15 KF 10 barnacles d, red rock crab, white
0.66 spotted greenling
40 2.49 1054 B70C30 LA 30 SA 30 RW10 limpets f, barnacles a
% cover: +=<5%, 1 =6-25%, 2 = 26-50%, 3 = 51-75%, 4 = 76-100% Abundance: 1-10 few, 11-20 common, 21- 50 abundant, 51-100 dominant
Substrate: BedRock Boulder Cobble Gravel Sand SHell Silt/Mud/Clay Vegetation: RockWeed, KelpFlat, KelpStanding, EelGRass, LeafyAlgae,
Woody Debris in % covered. Stringy Algae, GrunGe
Comments:
e Wind , sky partly cloudy,rain

e  Depth corrected by 3.4m for datum
. Water Temperature 50 °F

Subtidal Surveying & Environmental Assessors (SSEA)
May 11, 2015



Location Site and Transect Nanaimo port 1 T8 - Dive #4 - Date April 23rd ,2015 Field Data Sheet

Deep Time start Time end
Shallow Video start Video end
Length (m) _40 Picture # deep Picture # shallow
Max depth (ft) 33 Visibility (ft) Total Time
Distance (m) Depth Time Substrate Seaweeds/Seagrasses Animals
(m) | (PDT)
0 -7.06 1112 M80SH10WD5GG5 tubeworms a, giant sea anemone
5 -6.45 1114 M95WD5 rock sole, tubeworms a, snails f
10 -5.84 1116 M90SH5C5 red rock crab, snails f, tubeworms f
15 1118 M85WD10GG5 giant sea anemone, cockle, tubeworms
-5.23 ¢, Dungeness crab
20 -4.62 1121 M85SH10C5 giant sea anemone, cockles f, snails f
25 1123 M65WD30C5 giant sea anemone, tubeworms c,
-3.71 barnacles a, cockle
30 -1.57 1126 M90WD10 tubeworms c, cockle
35 1128 C60M30GG10 SA 20 LA10 KF10 RW5 white spotted greenling, barnacles d,
-0.05 leather stars f, purple star
40 2.09 1131 B100 SA70 striped sea perch f, barnacles d
% cover: +=<5%, 1 = 6-25%, 2 = 26-50%, 3 = 51-75%, 4 = 76-100% Abundance: 1-10 few, 11-20 common, 21- 50 abundant, 51-100 dominant
Substrate: BedRock Boulder Cobble Gravel Sand SHell Silt/Mud/Clay Vegetation: RockWeed, KelpFlat, KelpStanding, EelGRass, LeafyAlgae,
Woody Debris in % covered. Stringy Algae, GrunGe
Comments:
e Wind , sky partly cloudy,rain

e  Depth corrected by 3.0m for datum
. Water Temperature 50 °F

Subtidal Surveying & Environmental Assessors (SSEA)
May 11, 2015



Location Site and Transect Nanaimo port 1 T9 - Dive #2 - Date April 20th ,2015 Field Data Sheet

Deep Time start Time end
Shallow Video start Video end
Length (m) _40 Picture # deep Picture # shallow
Max depth (ft) 26 Visibility (ft) Total Time
Distance (m) Depth Time Substrate Seaweeds/Seagrasses Animals
(m) (PDT)
0 1330 M95WD5 tubeworms c, snails f, cockle, english
-7.22 sole
5 1332 M100 SA + white lined nudibranchs f, tubeworms c,
-6.92 shails +
10 -6.92 1335 M100 tubeworms f, snails +
15 1337 M80WD20 giant sea anemone f, feather duster
-6.62 worms f
20 -6.01 1339 M90WD10 snails f, tubeworms +
25 -4.79 1340 M100 LA 5 pilings start Dungeness crab, horse clam
30 1343 M60GG40 LA 25 Pile perch a, giant sea anemone, ochre
-2.96 star c, barnacles d
35 1346 B40GG40M20 bubbling sand (water vent)? LA 10 blackeye gobies f, barnacles a, broad
-2.35 based tunicate
40 -0.21 1350 B100 LA 40 SA10 barnacles d, leather star, rock scallop
% cover: + =<5%, 1 =6-25%, 2 = 26-50%, 3 = 51-75%, 4 = 76-100% Abundance: 1-10 few, 11-20 common, 21- 50 abundant, 51-100 dominant
Substrate: BedRock Boulder Cobble Gravel Sand SHell Silt/Mud/Clay Vegetation: RockWeed, KelpFlat, KelpStanding, EelGRass, LeafyAlgae,
Woody Debris in % covered. Stringy Algae, GrunGe
Comments:
e Wind , sky partly cloudy,rain

e  Depth corrected by 0.7m for datum
. Water Temperature 50 °F

Subtidal Surveying & Environmental Assessors (SSEA)
May 11, 2015



Location Site and Transect Nanaimo port 1 T10 - Dive #1 - Date April 20th ,2015 Field Data Sheet

Deep Time start Time end
Shallow Video start Video end
Length (m) _40 Picture # deep Picture # shallow
Max depth (ft) 27 Visibility (ft) Total Time
Distance (m) Depth Time Substrate Seaweeds/Seagrasses Animals
(m) | (PDT)
0 -7.53 1247 M95SH5 SA 5 shails f, tubeworms f
5 -7.22 1250 M90SH5WD5 LA+ tubeworms f, snails f, gray brittle star c
10 1253 M75SH5WD15GG5 clam/shrimp holes f, nudibranch, brittle
-6.62 star f, tubeworms f, pipefish f
15 1247 M85WD10GG5 LA 10 SA +, KF 10 snails f, giant sea anemone f, hermit
-6.31 crabs f
20 -6.01 1301 M95WD5 LA S5 shails f, sand star
25 -4.48 1305 M90WD10 wooden pilings begin giant sea anemone f, clam shows
30 -3.26 1307 M60SH35C5 barnacles a
35 -1.43 1309 M100
40 0.40 1310 B100 LA40SA40 barnacles a
% cover: +=<5%, 1 =6-25%, 2 = 26-50%, 3 = 51-75%, 4 = 76-100% Abundance: 1-10 few, 11-20 common, 21- 50 abundant, 51-100 dominant
Substrate: BedRock Boulder Cobble Gravel Sand SHell Silt/Mud/Clay Vegetation: RockWeed, KelpFlat, KelpStanding, EelGRass, LeafyAlgae,
Woody Debris in % covered. Stringy Algae, GrunGe
Comments:
e Wind , sky partly cloudy,rain

e  Depth corrected by 0.7m for datum
. Water Temperature 50 °F

Subtidal Surveying & Environmental Assessors (SSEA)
May 11, 2015
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BC Species and Ecosystems Explorer Search Results (Printer-friendly)

BC Species and Ecosystems Explorer Search Results

Scientific Name English Name Provincial BC List COSEWIC

Status

Page 1 of 2

SARA Global CF Priority

Ardea herodias fannini Great Blue Heron, S2S3B,54N Blue SC (2008) 1-SC G5T4 1
fannini subspecies (2009) (2010) (1997)
Brachyramphus Marbled Murrelet S3B,S3N Blue T (2012) 1-T G3 1
marmoratus (2010) (2003) (2013)
Branta bernicla Brant S3M (2009) Blue G5 2
(1996)
Chrysemys picta pop.  Painted Turtle - S2 (2012) Red E (2006) 1-E G5T2 2
1 Pacific Coast (2007) (2007)
Population
Corynorhinus Townsend's Big- S3 (2013) Blue G3G4 2
townsendii eared Bat (2014)
Eumetopias jubatus Steller Sea Lion S3B,S4N Blue SC (2013) 1-SC G3 2
(2013) (2005)  (2011)
Falco peregrinus pealei Peregrine Falcon, S3B (2010) Blue SC (2007) 1-SC G4T3 1
pealei subspecies (2003) (1997)
Haliotis Northern Abalone S2 (2002) Red T (2000) 1-T G3G4 2
kamtschatkana (2003) (2010)
Hirundo rustica Barn Swallow S3S4B (2009) Blue T (2011) G5 2
(1996)
Juncus oxymeris pointed rush S2S3 (2000) Blue G5 3
(1993)
Myotis keenii Keen's Myotis S2S3 (2013) Blue DD (2003) 3 G2G3 1
(2005) (2012)
Phalacrocorax auritus  Double-crested S3S4B (2013) Blue NAR (1978) G5 2
Cormorant (1999)
Progne subis Purple Martin S2S3B (2005) Blue G5 3
(1996)
Speyeria zerene Zerene Fritillary, S2 (2013) Red G5T3T4 2
bremnerii bremnerii (1998)
subspecies
Uria aalge Common Murre S2B,S4N Red G5 2
(2005) (2003)
Search Summary
Time Wed Jun 03 10:48:17 PDT 2015
Performed
Results 15 records.
Search Search Type: Plants & Animals
Criteria AND BC Conservation Status:Red (Extirpated, Endangered, or Threatened) OR Blue (Special Concern)

AND Forest Districts:South Island Forest District (DSI) ( Restricted to Red, Blue, and Legally designated species )
AND MOE Regions:1- Vancouver Island ( Restricted to Red, Blue, and Legally designated species )

AND Regional Districts: Nanaimo (RDN) ( Restricted to Red, Blue, and Legally designated species )

AND Habitat Subtypes: Industrial,Intertidal Marine,Sheltered Waters - Marine,Subtidal Marine ( Restricted to

Red, Blue, and Legally designated species )
AND BGC Zone:CDF
Sort Order:Scientific Name Ascending

Notes 1. Citation: B.C. Conservation Data Centre. 2015. BC Species and Ecosystems Explorer. B.C. Minist. of Environ.
Victoria, B.C. Available: http://a100.gov.bc.ca/pub/eswp/ (accessed Jun 3, 2015).

2. Forest District, MoE Region, Regional District and habitat lists are restricted to species that breed in the Forest

http://a100.gov.bc.ca/pub/eswp/jsp/results print.jsp

6/3/2015



BC Species and Ecosystems Explorer Search Results (Printer-friendly) Page 2 of 2

District, MoE Region, Regional District or habitat (i.e., species will not be placed on lists where they occur only as
migrants).

Modify Search | New Search | Results

http://a100.gov.bc.ca/pub/eswp/jsp/results print.jsp 6/3/2015
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FILE: ENVINDO3511-02 | OCTOBER 2015 | ISSUED FOR USE

TABLE F1: LOE Weighting Factors: Aquatic Macrophyte Community - Tissue Chemistry Compared to TRVs (LOE 1a)

LOE Attribute

Attribute Scores (check one box in each row)

Rationale

Factors to Consider in Rankin
g 2 3 4
Site-specificity and relevance of LOE to
assessment endpoint; linkage based on known
- biological processes; similarity of effect Tissue chemistry is directly
. ; ) v
a: Strength of Association mechanism of action, target organ, and level of related to uptake of PAHs from
ecological organization sediment and effects on health of
plant community, and linkage is
. . based on known biological
Note: The scores for this attribute are entered 9
; ) A ) processes however levels of
. o twice to double-weight this attribute because of ) .
a: Strength of Association oo v ecological receptors differ.
its importance
The degree to which the LOE can detect F:oncentratlon of PAHS in tissue
) e is related to the amount that the
change above baseline or reference conditions; : h ]
) ) o Site area sediments are impacted
. e s the degree to which the LOE is specific to
b: Sensitivity and Specificity ) . - . v by PAHs however area
certain stressors; the potential for confounding h o
) ) surrounding the Site is also
factors to affect interpretation . .
impacted by PAHs so no baseline
available.
Extent to which data quality objectives are met; Da;';ézféfr:?nn;gieo?ftgig'te
. . : . v
c. Data Quality and Study Design quality of data; use of standard methods chemistry uses established lab
procedures.
Spatial and temporal overlap among
. measurements or samples, stressors, and Samples were collected on-Site
d. Representativeness ) v ) .
ecological receptors through a single sampling event.
Ability of LOE to demonstrate effects from
. . . exposure to stressor and to correlate effects Use of TRVs to correlate effects
e. Correlation/Causation/Consistency . v .
with degree of exposure with exposure.
Average LOE Rank 2 9 8 =19/6=3.2

Appendix F - LOE Weighting.xlsx

Table F1

@ TETRA TECH




FILE: ENVINDO3511-02 | OCTOBER 2015 | ISSUED FOR USE

TABLE F2: LOE Weighting Factors: Aquatic Macrophyte Community - Apparent Health (LOE 1b)

LOE Attribute Factors to Consider in Ranking 1 2Attr|bute Scores (chec:I; one box in each row)4 = Rationale
Site-specificity and relevance of LOE to
assessment endpoint; linkage based on known
I biological processes; similarity of effect
. , ' v
a: Strength of Association mechanism of action, target organ, and level of Observed health of the
ecological organization community can be linked to PAH
impacts, but not directly linked to
: . target organism parts or
Note: The scores for this attribute are entered 9 ganism p
. ) . . behaviour.
i o twice to double-weight this attribute because of
a: Strength of Association o v
its importance
The degree to which the LOE can detect
change above baseline or reference conditions; Area surrounding the Site is also
e I the degree to which the LOE is specific to impacted by PAHSs therefore
: v
b: Sensitivity and Specificity certain stressors; the potential for confounding difficult to detect differences by
factors to affect interpretation observations.
Extent to which data quality objectives are met; o
. . : ) Not based on data collection;
c. Data Quality and Study Design quality of data; use of standard methods 4 )
observations only.
Spatial and temporal overlap among . . :
Observations of the Site during a
. measurements or samples, stressors, and ) N
d. Representativeness . v single site visit and no real
ecological receptors . )
temporal influences applied.
Ability of LOE to demonstrate effects from Observed health of the
. . : exposure to stressor and to correlate effects community can be linked to PAH
e. Correlation/Causation/Consistency . v : .
with degree of exposure impacts but not correlated with
magnitude of exposure.
Average LOE Rank 2 8 =10/6 =1.7

Appendix F - LOE Weighting.xlsx

@ TETRA TECH
Table F2
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TABLE F3: LOE Weighting Factors: Benthic Invertebrate Community - Sediment Chemistry Compared to TRVs (LOE 2a)

LOE Attribute Factors to Consider in Ranking 2Attr|bute Scores (checslf one box in each row)4 Rationale
Site-specificity and relevance of LOE to
assessment endpoint; linkage based on known
a: Strength of Association blologlca_d processles; similarity of effect,
mechanism of action, target organ, and level of . . .
ecological organization The sediment chemistry is not
9 9 directly related to health of the
benthic community (PAH uptake
Note: The scores for this attribute are entered limitations).
a: Strength of Association _twg:e to double-weight this attribute because of
its importance
The degree to which the LOE can detect
change above baseline or reference conditions; As most of the area surrounding
L e the degree to which the LOE is specific to the Site is impacted by PAHs
: v
b: Sensitivity and Specificity certain stressors; the potential for confounding there is no benchmark indicator
factors to affect interpretation available.
c. Data Quality and Study Design ES;Tint:)()f‘:ivgtlghuiaeti? s@%:;)r??gf?;dire met Datais representative of the Site
’ Y Y 9 quality ’ and established lab procedures.
Spatial and temporal overlap among
. measurements or samples, stressors, and Samples were collected on-Site
d. Representativeness ) v ) .
ecological receptors through a single sampling event.
Ability of LOE to demonstrate effects from
. . . exposure to stressor and to correlate effects Use of TRVs to correlated effects
e. Correlation/Causation/Consistency . v .
with degree of exposure with exposure.
Average LOE Rank 2 2 6 5 =15/6 = 2.5

Appendix F - LOE Weighting.xlsx

@ TETRA TECH
Table F3



TABLE F4: LOE Weighting Factors: Benthic Invertebrate Community - Toxicity Test Results (LOE 2b)

FILE: ENVINDO3511-02 | OCTOBER 2015 | ISSUED FOR USE

LOE Attribute

Attribute Scores (check one box in each row)

Rationale

Factors to Consider in Rankin
g 2 3 7
Site-specificity and relevance of LOE to
assessment endpoint; linkage based on known Toxicity test results are directly
a: Strength of Association b'OIOQ'Cé.lI processg s; similarity of effect, v related to health of the
mechanism of action, target organ, and level of o )
ecoloaical organization community: sediment used was
g 9 collected on-Site, linkages to
known biological processes.
Note: The scores for this attribute are entered However, only one sampling
a: Strength of Association twice to double-weight this attribute because of v event was used for toxicity
) its importance testing.
The degree to which the LOE can detect
change above baseline or reference conditions; A negative control sediment was
e . the degree to which the LOE is specific to used as reference condition and
: v
b: Sensitivity and Specificity certain stressors; the potential for confounding directly compared to on-Site
factors to affect interpretation toxicity test results.
Extent to which data quality objectives are met;
c. Data Quality and Study Design quality of data; use of standard methods Established laboratory method.
Toxicity test results are directly
related to health of the
Spatial and temporal overlap among Zgg;(r)nl::;tlyrgi';e(;gé?lf%23?[:2::
. measurements or samples, stressors, and 9 p ’ X
d. Representativeness ecological recentors v used was collected on-Site,
9 P linkages to known biological
processes. However, only one
sampling event was used for
toxicity testing.
Ability of LOE to demonstrate effects from D"riiiy s)hrgsnaer? d":gz e;cnoslzg:lscal
. . . exposure to stressor and to correlate effects P L P
e. Correlation/Causation/Consistency with dearee of exnosure v quantitatively correlated
9 p with magnitude of
exposure.
Average LOE Rank 20 =25/6 =4.2
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TABLE F5: LOE Weighting Factors: Benthic Invertebrate Community - Tissue Chemistry Compared to TRVs (LOE 2c)

LOE Attribute

Factors to Consider in Ranking

Attribute Scores (check one box in each row)

2

3 4

Rationale

a: Strength of Association

Site-specificity and relevance of LOE to
assessment endpoint; linkage based on known
biological processes; similarity of effect,
mechanism of action, target organ, and level of
ecological organization

a: Strength of Association

Note: The scores for this attribute are entered
twice to double-weight this attribute because of
its importance

Directly related to uptake of PAHs
from sediment on target organs
and health of community however
levels of ecological receptors
differ.

b: Sensitivity and Specificity

The degree to which the LOE can detect

change above baseline or reference conditions;

the degree to which the LOE is specific to
certain stressors; the potential for confounding
factors to affect interpretation

As most of the area surrounding
the Site is impacted by PAHs
there is no benchmark indicator
available.

c. Data Quality and Study Design

Extent to which data quality objectives are met;
quality of data; use of standard methods

Data is representative of the Site
and established lab procedures.

d. Representativeness

Spatial and temporal overlap among
measurements or samples, stressors, and
ecological receptors

Samples were collected on-Site
through a single sampling event.

e. Correlation/Causation/Consistency

Ability of LOE to demonstrate effects from
exposure to stressor and to correlate effects
with degree of exposure

Use of TRVs to correlated effects
with exposure.

Average LOE Rank

=19/6 =3.2

Appendix F - LOE Weighting.xlsx

Table F5
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City of Nanaimo DRA
Marine Sediment Toxicity Testing

EXECUTIVE SUMMARY

A total of 12 marine sediment samples were collected by Tetra Tech EBA staff on May 21 and 22,
2015. The samples arrived at the Maxxam Canada Way Laboratory, in good condition, on May
22 and 23, 2015.

The following 3 sediment toxicity tests were subsequently requested for 7 of the 12 samples;
a 10 day survival test with the marine amphipod Eohaustorius estuarius, a 48 hour larval
development test with the bivalve Mytilus galloprovincialis, and a 20 day survival and growth
test, with the marine polychaete Neanthes arenaceodentata.

All tests were initiated between June 10 and 12, 2015. The amphipod, bivalve and polychaete
tests were completed between June 12 and 30, 2015.

The results for each sample were statistically assessed against those of the control(s), and the
reference sediment, 15SED11, for all applicable endpoints. The endpoint of survival was
assessed for all species tested. Sub-lethal effects, such as growth or normal development, were
examined in the marine polychaete and bivalve tests. No statistically significant differences
were detected between the control(s), the reference sediment, and the samples for any of the
assessed endpoints.

Details regarding the test methods, test conditions, organism acclimation, and quality control
measures are summarised within the report. Each test was considered valid as survival in the
laboratory control(s) met the validity criteria outlined in the associated reference methods.

All tabulated data, raw data, and associated supporting documents are located within the report
appendices.

Maxxam Analytics
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Marine Sediment Toxicity Testing

SECTION

1

1.1

1.2

Table 1-1

SEDIMENT DESCRIPTION

Sample Information

A total of 12 marine sediment samples were collected by Tetra Tech EBA staff, May 21 and 22,
2015. The samples arrived at the Maxxam Canada Way Laboratory, on May 22 and 23, 2015.

Of the 12 sediment samples, 7 were selected for toxicity testing. All tests were initiated within
their respective hold times. Sample information, including sediment descriptions, porewater
ammonia and sulphides analyses, water quality data, and the chain of custody forms, are
located in Appendix A.

All samples arrived at the laboratory in good condition, and there were no apparent events
during shipping and handling which appeared to have compromised the quality of the samples.
The samples varied in colour, texture, grain size and content. Upon opening the containers, a
description of each sample was recorded (“Sediment Sample Descriptions” in Appendix A). Prior
to use in the tests, each sample was thoroughly homogenised in a clean stainless steel bowl
using a stainless steel spoon. Any headspace in the sample container was purged with nitrogen
gas prior to re-sealing it to prevent oxidation of the sediment during storage. When not in use,
the samples were stored in the dark at 4 + 2°C.

Negative Control Sediment

The negative control sediment used for all toxicity tests was collected from Yaquina Bay,
Newport, Oregon, by Northwestern Aquatic Sciences. This beach sand has been used as a
negative control in previous studies conducted in the Maxxam Ecotoxicology Laboratory, and
has proved to be non-toxic to a variety of organisms. It was wet sieved with control water
through 500 um stainless steel mesh before use in the tests.

Physiochemical Characterisation of Yaquina Bay Beach Sand

Total Organic Carbon Moisture Content Gravel (%) Sand (%) Silt (%) Clay (%)
(s/ks) (%)
0.34 7.0 <0.10 99 0.15 0.55

Maxxam Analytics
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1.3

Porewater Characterisation

After sample homogenization, aliquots of sediment were distributed into 500 mL polycarbonate
centrifuge bottles and nitrogen gas was placed over the sediments. They were centrifuged for
20 minutes at 5000 rpm. The resulting porewater was carefully decanted and analysed for
ammonia, pH, temperature, and salinity.

Analysis of ammonia and sulphides in porewater was performed at the Maxxam Environmental
Inorganic Water Laboratory. Colorimetric methods were used to determine aqueous
concentrations of ammonia.

The total ammonia concentrations as N (mg/L) in the samples, was measured under basic
conditions using the Berthelot reaction in the presence of EDTA. A sample was treated
sequentially until a blue indophenol complex formed, which could then be measured
photometrically at 660nm.

Total sulphide in the samples was first preserved as a precipitate, and then was re-suspended
and dissolved prior to analysis. The dissolved sulphide was reacted quantitatively with 2
molecules of N,N-dimethyl-p-phenylenediamine oxalate under acidic conditions, in the presence
of ferric chloride, to form methylene blue. Diammonium hydrogen phosphate was added after
colour formation to remove the colour associated with ferric chloride. The intense blue colour of
methylene blue was then measured at 664 nm using a UV visible spectrometer.

Total ammonia and sulphides in porewater are available in Appendix A.

Maxxam Analytics
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SECTION

2

2.1

2.2

2.2.1

10 DAY MARINE AMPHIPOD TEST

Test Methods

The survival of Eohaustorius estuarius, when exposed to solid-phase sediment samples for 10
days, was assessed according to the Environment Canada Biological Test Method “Reference
Method for Determining Acute Lethality of Sediment to Marine or Estuarine Amphipods”, and
the Maxxam SOP “Marine or Estuarine Amphipod 10 Day Survival and Reburial Test (BBY2SOP-
00012).

One day prior to test initiation, the sediment samples were individually homogenized, and
175mL aliquots were distributed into 1L test vessels. Overlying seawater was then slowly added
by pouring a stream of water onto a Plexiglas baffle without disturbing the sediment layer. The
test vessels were then randomized on the bench top, and airlines and lids were fitted to each
test vessel.

The following day, on June 12, 2015, samples of overlying water were removed from the test
vessels for initial water quality analysis. Amphipods were removed from their holding containers
and seeded into the test vessels.

During the test, any observed sediment avoidance by the amphipods was recorded. Daily
observations and aeration checks were performed, and the temperature and dissolved oxygen
was measured three times per week in a test vessel designated for water quality measurements.

At test termination, the contents of each test vessel were sieved and the live amphipods
enumerated. Missing amphipods were presumed to have died and decomposed during the test.

Organism Information

Organism Acclimation and Holding Information

One batch of Eohaustorius estuarius were field collected by Northwestern Aquatic Science staff
on June 05, 2015, and were shipped to Maxxam on June 8, 2015. The amphipods arrived June
09, 2015, in small plastic containers filled with site sand and a 1mm layer of overlying seawater.

Upon arrival at Maxxam, the containers were carefully placed a 40L aquaria, filled with clean
28ppt seawater. There was insufficient overlying water within the amphipod containers to
perform water quality on the shipping water. The water quality information provided by the

Maxxam Analytics
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2.2.2

2.2.3

2.3

Table 2-1

supplier at the time of shipping was used to ensure the salinity or temperature adjustments to
the holding water did not exceed 5 ppt or 3°C per day. Any moribund or deceased amphipods
were removed and recorded on the acclimation sheet (Appendix B).

The amphipods were not fed during the holding period. The amphipods were held at Maxxam
for 4 days prior to test initiation. See Appendix B for all bench sheets and raw data associated
with the acclimation and holding of the amphipods.

Organism Health

The mortality rate during the holding period did not exceed 20% overall, or 5% in the 48 hours
preceding the test. Bench sheets of daily water quality with observations of number dead or
inactive amphipods during the holding period are available in Appendix B.

Organism Age

Twenty representative amphipods were euthanized and measured lengthwise to the nearest
mm. The average length of the organism batch was determined to be within 3-5mm, which
indicated they were the correct age (see Table 2-1).

Test Conditions

See Table 2-1 for a detailed list of the test conditions. All bench sheets used to record raw data
are available in Appendix B.

Test Conditions and Methods for the 10-day Eohaustorius estuarius Test

Parameter Conditions and Methods

Test Type and Duration 10 Day, Static (non-renewal)

Temperature 15+ 2°C

Salinity 28 £ 2 ppt

Photoperiod and Light 24 hours light: 0 hours dark. Wide spectrum cool white

Intensity fluorescent lights used to provide: 602-681lux during light
cycle.

Aeration < 100 bubbles/ minute. Clean oil-free air supplied to each test

vessel via micro-bore plastic tubing

Test Chamber 1 L Jars with plastic lids containing small opening for airline
tubing.
Sediment Volume 175 ml of homogenized sediment (2-3cm depth)

Maxxam Analytics
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2.4

Parameter

Conditions and Methods

Overlying Water Source
and Volume

Overlying Water Quality

Replicates

Control Sediment

Reference Sediment
Organisms/ replicate

Organism Source and age

750mL; UV sterilized Vancouver Aquarium Seawater filtered
through 5 um, and aerated before use.

Temperature, pH, salinity, dissolved oxygen, total ammonia
measurements on Day 0 and Day 10 of test. Temperature and
dissolved oxygen were also measured three times weekly
during the test.

5 per sample, plus an additional replicate for water quality
measurements.

Yaquina Bay Sand, rinsed with clean, natural seawater and
sieved through a 500 um stainless steel mesh

15SED11
20

Field collected by Northwestern Aquatic Sciences, Newport,
Oregon. Juvenile to pre-reproductive adult

Percent mortality of 0.3%
organisms during

acclimation

Organism length 3.5+0.5mm
Feeding None
Endpoints Mean Survival

Test Validity Criteria

Statistical Software

290% mean survival in the negative controls.

CETIS™ version 1.8.7.16. Tidepool Scientific Software
(Copyright 2000-2013).

Quality Assurance/Quality Control

2.4.1 Reference Toxicant Results

A 96 hour reference toxicant test was performed alongside the test. The water-only reference
toxicant test, using cadmium chloride (CdCl,-2.5H,0), was performed on June 12, 2015, to assess
the sensitivity of the test organisms and the precision of the results. The resulting reference
toxicant test LC50 was compared in a control chart with the results of previous tests. Table 2-2
summarises the result of the reference toxicant test.

Maxxam Analytics
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Table 2-2

2.4.2

2.5

2.5.1

The calculated LC50 for the reference toxicant test was within the two standard deviation (95%)
range of the historic mean LC50. The method used in preparing the control charts was taken
from “Control Charting of Reference Toxicant Tests” (BBY2 WI-00007).

Reference Toxicant Test Results for Eohaustorius estuarius

Organism Test Date LC50 with 95% Confidence Limits  Previous Mean with 2SD
Batch (mg/L Cd*) (mg/L Cd*)
NA150609 2015 June 12 5.8 (4.6,7.1) 6.8 (3.3, 14.0)

Test Validity Criteria

Survival data in the laboratory controls were considered be acceptable if the mean percent
survival in the negative control was greater than or equal to 90%. The mean percent survival of
the control was 99%.

Results

Total survival in each replicate and the mean = SD in the control and test sediments are listed in
the “10-day Eohaustorius estuarius Survival Test- Summary of Survival” sheets. Survival in the
samples ranged from 95 to 100%. No statistically significant decreases in mean survival were
detected in any sample when compared against the negative control or the reference sediment
(15SED11). A summary of the survival results is located in Table 2-3.

Total ammonia concentrations, pH, temperature, and salinity in overlying and porewater water
at test initiation (Day 0) and completion (Day 10), as well as other daily water quality
measurements, are available in Appendix B.

Amphipod avoidance of the sediment was observed in the reference sediment, 15SED11, on Day
3 through Day 8 of the test. By Day 10, all of the amphipods were buried in all replicates of
15SED11.

Data Analysis

The survival data for all samples and the negative control was entered into the statistical
program “Comprehensive Environmental Toxicity Information System” (CETIS, 2000-2013).
When determining the appropriate comparison tests to use, the Environment Canada “Guidance
Document on Statistical Methods for Environmental Toxicity Tests” (EPS 1/RM/46, 2005) was
followed.

See the CETIS Analytical Reports for information on the specific tests used for the mean survival
comparisons. All analyses were conducted as one-tailed comparisons with the decision level for
determining statistical significance set to 0.05 (p value <0.05).

Maxxam Analytics
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Table 2-3 Results for Mean Amphipod Survival

Sample ID Mean Survival + SD (%)

Negative Control 99+2
15SED11 97+7
15SEDO2 99+2
15SEDO3 95+4
15SEDO5 98 +3
15SED06 97+3
15SEDO7 9912
15SEDO8 98+3

SD = Standard Deviation

Maxxam Analytics
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SECTION

3

3.1

3.2

3.2.1

20 DAY POLYCHAETE SURVIVAL AND GROWTH TEST

Test Methods

The survival and growth of the marine polychaete, Neanthes arenaceodentata, when exposed to
solid-phase sediment samples for 20 days, were assessed according to the methods outlined in
the Puget Sound Estuarine Program “Juvenile Polychaete Bioassay” (1995) and the Maxxam SOP
“Neanthes arenaceodentata Survival and Growth Test (BBY2SOP-00030).

One day prior to test initiation, the sediment samples were individually homogenized, and
175ml aliquots were distributed into 1L test vessels. Overlying seawater was then slowly added
by pouring a stream of water onto a Plexiglas baffle without disturbing the sediment layer. The
test vessels were then randomized on the bench top, and airlines and lids were fitted to each
test vessel.

The following day, on June 10, 2015, samples of overlying water were removed from the test
vessels for initial water quality analysis. Juvenile polychaetes were removed from their culture
dishes and seeded into the test vessels.

Daily observations and aeration checks were performed. The temperature, pH, salinity and
dissolved oxygen were measured every 3" day, directly before ~30% of the overlying seawater
was renewed in each vessel. Every 2" day, a suspension of finely ground fish flakes and
seawater was added to the test vessels.

At test termination, the contents of each test vessel were sieved and the recovered live
polychaetes were placed into pre-weighed aluminum boats, which were then placed in a drying
oven for >24hours.

Dry weights were measured to 0.1 mg using an analytical balance. Missing polychaetes were
presumed to have died and decomposed during the test.

Organism Information

Acclimation and Holding Information

One batch of Neanthes arenaceodentata was received from Aquatic Toxicology Support,
Bremerton, Washington, USA, on June 09, 2015. The laboratory-reared polychaetes are
identified as originating from the California State University strain (Smith, 1964). Juveniles, aged

Maxxam Analytics
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3.2.2

3.2.3

3.3

2-3 weeks post emergence, were packed in small twist-tie bags filled with seawater and a small
guantity of fresh seaweed. They were shipped directly for overnight delivery to Maxxam and
arrived without incident.

Upon arrival at Maxxam, the twist tie bag contents were carefully poured into glass culture
dishes, filled with a small amount of Vancouver Aquarium seawater, and gentle aeration was
supplied to each culture pan. An aliquot of shipping water from each container was set aside for
water quality. It was then ensured that salinity or temperature adjustments to the holding water
of the polychaetes did not exceed 5 ppt or 3°C per day.

The organisms were held at Maxxam for 1 day before the test was initiated. The polychaetes
were fed a small amount of ground Tetramin™ flakes daily during the holding period. Datasheets
of daily water quality with observations of number dead or inactive polychaetes during the
holding period are available in Appendix C.

Organism Health

The average mortality rate during the 48 hours prior to testing did not exceed 10% in any of the
given cultures.

Organism Size

At test initiation, 3 groups of 5 polychaetes, representative of the organisms seeded into the
test vessels, were placed into pre-weighed aluminum boats. After drying in 60°C oven for >24
hours, the contents of each weigh boat was measured to 0.01mg using an analytical balance.
The average individual weight per worm was determined to be within the required range of
0.25-1.0 mg/worm, indicating that the organism batch was of the correct size (See Table 3-1).

Test Conditions

See Table 3-1 for a detailed list of the test conditions. All bench sheets and raw data are
available in Appendix C.

Maxxam Analytics
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Table 3-1 Test Conditions for the 20-day Neanthes arenaceodentata Test

Parameter

Conditions and Methods

Test Type and Duration
Temperature

Salinity

Photoperiod and Light
Intensity

Aeration

Test Chamber

Sediment Volume
Overlying Water Volume

and Source

Overlying Water Quality

Water Renewal

Feeding

Replicates

Control Sediment

Reference Sediment
Organisms/ Replicate

Organism Source and age

Average Initial Dry Weight

Endpoints

Test Validity Criteria

Statistical Software

20 Day, Static - renewal
20+ 1°C
28 + 2 ppt

24 hours light. Wide spectrum cool white fluorescent lights
used to provide: 462-533 lux during the light cycle.

< 100 bubbles/ minute. Clean oil-free air supplied to each test
vessel via micro-bore plastic tubing

1 L Jars with plastic lids containing small opening for airline
tubing.

175 ml of homogenized sediment (2-3cm depth)

750 mL; Vancouver Aquarium seawater U.V sterilized, filtered
through 5 um, and aerated before use.

Every 3" day: temperature, pH, salinity, and dissolved oxygen
measurements recorded. Total ammonia and sulphides
measured on Day 0 of test. Total ammonia on Day 20.

30% of the overlying water was siphoned and replaced with
clean seawater every 3™ day, directly after water quality
measurements were taken.

Every 2" day; 1mL per replicate of a ground Tetramin™ flake-
seawater slurry (40mg dry solids/mL).

5 per sample, plus an additional replicate for water quality
measurements.

Yaquina Bay Sand. Rinsed with clean seawater and sieved
through a 500 um stainless steel mesh

15SED11
5

Aquatic Toxicology Support; juvenile worms aged 16 days post
emergence.

0.40 mg/worm
Mean Survival, Mean Dry weight, Total Dry Weight, and
Growth Rate.

> 90% mean survival in the controls.
>0.38mg/day/worm.

CETIS™ version 1.8.7 Tidepool Scientific Software (Copyright
2000-2013).

Maxxam Analytics
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3.4

3.4.1

Table 3-2

3.4.2

3.5

Quality Assurance/Quality Control

Reference Toxicant Results

A 96 hour reference toxicant test was performed on the batch of organisms. The LC50 of the
reference toxicant test was calculated and compared in a control chart with those of previous
tests. Table 3-2 summarises the result of the reference toxicant test. The reference toxicant test
had an LC50 that was within the two standard deviation (95%) range of the historic mean LC50.

The method used in preparing the control charts was taken from “Control Charting of Reference
Toxicant Tests” (BBY2 WI-00007).

Reference Toxicant Test Results for Neanthes arenaceodentata

Organism Test Date LC50 with 95% Confidence Limits | Previous Mean with 2SD
Batch (mg/L cd*™) (mg/L cd*™)
AT150609 2015 Jun 10 7.5 (5.6, 10) 8.1(5.0, 13.3)

Test Validity Criteria

Survival data in the laboratory controls are considered be acceptable if the mean percent
survival in the negative control was > 90%, and the mean growth rate in the controls exceeded
>0.38 mg/worm/day. The mean percent survival of the control was 92%. The mean growth rate
in the control was 0.80 mg/worm/day.

Results

The survival and dry weight, in each replicate, and the mean + SD in the control and test
sediments, for every test batch, are available in Appendix C. The data are summarized in the
“20-day Neanthes arenaceodentata Survival and Growth Test Summary of Survival” and the
“Neanthes Weights” pages.

Overall, mean organism survival in the samples ranged from 92 to 100%, mean dry weight from
12.5 to 14.9 mg/worm, total dry weight from 58.1 to 74.3 mg per replicate, and mean growth
rate from 0.61 to 0.73 mg/worm/day. No statistically significant decreases were detected in any
of the sediment samples when compared against the negative control or the reference
sediment (15SED11). A summary of the survival and growth results is located in Table 3-3.

Total ammonia concentrations, pH, temperature, and salinity in overlying water at test initiation
(Day 0), completion (Day 20), and all other water quality data are located in Appendix C.

Maxxam Analytics
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3.5.1

Table 3-3

Data Analysis

The survival and dry weight data for all samples and their respective controls was entered into
the statistical program “Comprehensive Environmental Toxicity Information System” (CETIS,
2000-2013). When determining the appropriate comparison tests to use, the Environment
Canada “Guidance Document on Statistical Methods for Environmental Toxicity Tests” (EPS
1/RM/46, 2005) was followed.

See the CETIS Analytical Reports for information on the specific tests used for the comparison
testing, as well as supporting auxiliary tests, if applicable. All analyses were conducted as one-
tailed comparisons with the decision level for determining statistical significance set to 0.05 (p

value <0.05).

Results for Mean Polychaete Survival and Growth

Sample ID Mean Survival * Mean Total Dry Mean Dry Mean Growth
SD (%) Weight  SD Weight + SD Rate + SD
(mg/replicate) (mg/worm) (mg/day/worm)
Negative Control 92+11 75.7+£15.2 16425 0.80+£0.12
15SED11 100+ 0 67.0+12.4 13.4+25 0.65+0.12
15SEDO2 100+ 0 709+7.0 142+14 0.69 +0.07
15SEDO3 92 +18 66.9+5.2 149+25 0.73+0.13
15SEDO5S 100+ 0 70.7 £20.1 14.1+4.0 0.69+0.20
15SEDO6 92+11 58.1+14.5 125+2.1 0.61+0.10
15SEDO7 100+ 0 7431184 149+3.7 0.72£0.18
15SEDOS8 96+9 65.9+14.6 13.7+23 0.66+0.12

SD: Standard Deviation

Maxxam Analytics
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City of Nanaimo DRA
Marine Sediment Toxicity Testing

SECTION
4 48 HOUR BIVALVE SEDIMENT TEST
4.1 Test Methods

The normal development and survival of the Blue mussel, Mytilus galloprovincialis, when
exposed to sediment elutriate samples for 48 hours, was assessed according to the Puget Sound
Estuary Program Method “Bivalve Larvae Sediment Bioassay” (PSEP, 1995), and the Maxxam
SOP “Bivalve Larval Development Sediment Test (BBY2SOP-00032).

One day prior to test initiation, the sediment samples were individually homogenized, and 18g
aliqguots were distributed into 1L test vessels. To create the elutriate suspension, 900mL of
overlying seawater was then added to each vessel and the contents were vigorously agitated for
10 seconds. The test vessels were then randomized on the bench top, and the elutriate
preparations were allowed to settle overnight.

Two controls, a seawater control and a sediment control, were prepared.

The following day, on Jun 10, 2015, samples of overlying water were removed from a water
quality vessel for initial water quality analysis.

After spawning, collecting, and fertilizing the bivalve gametes, approximately 20000 embryos
were added to each test vessel. At 48 hours, the larvae were monitored to see if 95% of the
larvae had reached the development prodissoconch | stage. As they had not, the test duration
was extended. Once it was determined that a developmental plateau had been reached, where
the monitoring counts of developed larvae no longer continued to rise, the test was ended at
hour 56.

The overlying water from each test vessel was decanted into a clean vessel. 10mL aliquots were
then pipetted into 30mL test tubes, and preserved with buffered formalin.

The contents of each test tube were enumerated and scored as normally or abnormally
developed. The seawater control was used to determine if the test met all applicable test
validity criteria. The sediment control acted as a method control for the decantation step, as it is
common to not capture all larvae that were originally seeded into the test. This is in part due to
entrainment of the larvae on the surface of the sediment.

Maxxam Analytics
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Marine Sediment Toxicity Testing

4.2

4.3

Table 4-1

Organism Information

Male and female gravid mussels, collected from Mission Bay California, arrived at Maxxam on
June 09, 2015. The mussels were held 1 day prior to use.

The mussels were gently scrubbed before they were placed into a 1621°C seawater bath
outfitted with a recirculating pump. Any organisms with obvious injuries or abnormalities were
discarded. The temperature of the water bath was slowly increased to induce the mussels to
spawn. After 1 hour, the water bath and any non responsive organisms were discarded.

Once an individual had begun to spawn, they were rinsed and isolated in a beaker of 16+1°C
seawater. Male and female gametes were quality checked by microscopic examination before
they were pooled and concentrated.

After determining and adjusting their relative densities, the suspensions of eggs and sperm were
combined; the resulting embryos were allowed to develop for 1 hour before they were seeded
into the test vessels.

Test Conditions

See Table 4-1 for a detailed list of the test conditions. All bench sheets used to record raw data
are available in Appendix D.

Test Conditions and Methods for the 48-h Bivalve Sediment Test

Parameter Conditions and Methods

Test Type and Duration 48-h extended to 56-h, Static (non-renewal)

Temperature 16+ 1°C

Salinity 28 £ 2 ppt

Photoperiod and Light 16 hours light: 8 hours dark. Wide spectrum cool white

Intensity fluorescent lights used to provide: 50-100 foot candles during
light cycle.

Aeration No aeration or pre-aeration required during test.

Test Vessel 1L glass jars

Seawater Volume 900 mL

Sediment Mass 18.0+0.5g

Replication fnzcaegj;:;nn?;i,tglus an additional replicate for water quality

Negative Control Vancouver Aquarium Seawater

Maxxam Analytics
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4.4

44.1

Table 4-2

Parameter

Conditions and Methods

Sediment Control
Reference Sediment
Organism

Organism Source and Age
Average Initial Density
Feeding

Endpoints

Test Validity Criteria

Statistical Software

Yaquina Beach Sand

15SED11

Muytilus galloprovincialis

Marine Research and Educational Products; Gravid Adults
202 embryo per test vessel; CV = 16%

None

Survival and Normal Development, Combined Survived and
Normally Developed: Mean + standard deviation (SD) per
sample

>70% mean normal development in the seawater controls

CETIS™ version 1.8.7.16 Tidepool Scientific Software (Copyright
2000-2013).

Quality Assurance/Quality Control

Reference Toxicant Results

A 48 hour reference toxicant test was conducted alongside the tests. The reference toxicant
test, using copper chloride (CuCl,:2H,0), was performed to assess the sensitivity of the test
organisms and the precision of the results. The LC50 of the reference toxicant test was
calculated and compared in a control chart with those of previous tests. Table 3-2 summarises

the results of the reference toxicant test.

The reference toxicant test had an LC50 that was within the two standard deviation (95%) range
of the historic mean LC50. The method used in preparing the control charts was taken from

“Control Charting of Reference Toxicant Tests” (BBY2 WI-00007).

Reference Toxicant Test Results for 48-h Bivalve Normal Development

Organism Test Date EC50 with 95% Confidence Limits Previous Mean with 2SD
Batch (ng/L Cu™) (ug/L Cu™)
MR150609 2015 Jun 10 8.1(7.5, 8.8) 10.1 (7.9, 12.9)

Maxxam Analytics
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4.4.2

4.5

45.1

Test Validity Criteria

The Larval Development data in the controls were considered be acceptable as the mean
percent normal development was >70%. The mean percent normal development in the
seawater control was 86.

Results

The total survival, proportion normally developed, and combined proportion survived normally
developed, in each replicate, are listed in the “Bivalve Embryo-Larval Development Test- Embryo
Microscopic Examination” sheets, located in Appendix D. A summary of the point estimates and
statistical comparisons for mean survival and normal development, between the sediment
control and each sample, are located in Table 4-3.

Overall, mean normal development in the samples ranged from 80 to 88%, mean survival from
52 to 70%, and mean combined proportion survived normally developed from 43 to 61%. A
summary of statistically significant differences between the sediment control and each sample is
located in Table 4-3.

Total dissolved oxygen, pH, temperature, and salinity in all sample concentrations, at test
initiation and completion, as well as other daily water quality measurements, are located in the
raw data (Appendix D).

Data Analysis

The data for all samples and their respective controls was entered into the statistical program
“Comprehensive Environmental Toxicity Information System” (CETIS, 2000-2013). When
determining the appropriate tests to use, the Environment Canada “Guidance Document on
Statistical Methods for Environmental Toxicity Tests” (EPS 1/RM/46, 2005) was followed.

The seawater and sediment control were compared using Equal Variance t Two-Sample tests.
When they were determined to be not significantly different for a given endpoint, the control
data were pooled prior to comparison testing. For endpoints where the two controls were
statistically different, the sediment control, or method control, was used for the comparisons
analyses.

All comparison tests were conducted one-tailed, using Dunnetts Multiple Comparison Test, with
the decision level for determining statistical significance set to 0.05 (p value <0.05). Table 4-3
contains a summary of the results for mean survival and development. There were no
statistically significant decreases detected in any of the samples when compared against the
control(s), or the reference sediment (15SED11).

Grubbs Test detected two outliers; 15SED11, replicate A, and 15SEDOS, replicate E. Upon
examining the raw data, it was determined that the two data points were good candidates for
exclusion and they were removed from the statistical comparisons.

Maxxam Analytics
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Table 4-3 Results for Mean Bivalve Larval Development

Bivalve Larval Development Test

sample ID Mean Mean Mean Combined
Proportion Normal Survival Survival-Proportion

1SD (%) 1 SD (%) Normal £ SD (%)
Seawater Control 862 8110 709
Sediment Control 807 52+10 42 +11
15SED11 8317 52+9 43 +9
15SEDO02 88+4 674 584
15SEDO3 86+3 565 48+ 4
15SEDO5 80+12 55+13 45+ 16
15SEDO6 88+4 697 61+8
15SEDO7 83+6 707 59+10
15SEDO8 87+3 68+4 59+4

SD: Standard Deviation

Maxxam Analytics
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SECTION

5
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APPENDIX

A SAMPLE INFORMATION AND CHAIN OF CUSTODY RECORDS
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Maﬁam

A PBuress Yoritas Group Gompy
L]

Maxxam Jab #: B548553
Report Date: 2015/06/17

Sporess Ty

Maxxam Analytics (TOX Internal)
Client Project #: 2-11-15007 NEANTHES PW

Site Location:  TOX
Sampler Initials: GM

RESULTS OF CHEMICAL ANALYSES OF SEA WATER

Mawxam Analytics interaational Corporation ofa Maxxam Analytics Burnaby: 4606 Canada Way V3G 1K5 Telephune{604} 734-7276 Fax(604} 7312386

MK5GS 7 MK5958 MK5955 MK5960 MK5961
2015/06/08 2015/06/09 2015/66/09 2015/06/09 | 2015/06/03
G094761 6094761 G094761 6094761 G094761
] 15 SED 11 PORE 15 SED 02 15 SED 03 15 SED 05 15 SED 06
Units WATER RDL PW RDL W RDL PW PW RDL
Nutrients
Total Ammonia (N) | mg/L | 67 foso] 885  Joose] 13 Joao| 50 65  |0.050
RDL = Reportable Detection Limit
MK5962 MK5963
2015/06/09 2015/06/09
6094761 G094751
Al | 1ssED07 15 SED D8
- Units P RDL PW RDL
Nutrients
Total Ammonia (N} [ ma/L ] 5.0 |o.0s0] 12 0.10
RDL = Reportable Detection Limit
Page 2 of 8
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A fureay Yeritas Group Crempany
o

Maxxam Joh #: B548553
Report Date: 2015/06/17

Maxxam Analytics (TOX Internal)
Cliant Projact #: 2-11-15007 NEANTHES PW

Site Location:

TOX

Sampier |nitials: GM

MISCELLANEOUS (SEA WATER)

Page 3 of 8

Iaxxan Aralytics fnte rational Corporation ofa Maxsam Analytics Burnaby: 4606 Canada Way V56 1K Telephone[604) 734-7276 Fax{604) 731-2386

MK5957 MI5958 MK5959 MK5960 MK5951 MK5862
2015/05/09 2015/06/09 | 2015/06/09 | 2015/06/09 | 2015/06/09 | 2015/05/09
G094761 6094761 6084761 5094761 6094761 094761
Units| 15 SED 11 PORE 1556D02 | 15SED03 | 15SEDOS | 15SEDOG | 15SEDO7 | ..
S WATER PW PW PW PW W
MISCELLANEOUS
Sulphide [ mg/L| 0.253 (1) 0205(1) | 0284{1) | o0454(1) | 0.295(1) | 0.141(1) l0.010
RDL = Reportable Detection Limit
(1) RDL raised due to limited initial sample amount.
MK5963
2015/06/09
6094761
| units 15 f;w 98 | pot
MISCELLANEOUS
Sulphide [mg/Ll| 1041 0.50
RDL = Reportable Detection Limit
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Y

Maxxam lob #; B549196
Report Date: 2015/06/17

Maxxam Analytics {TOX Internal)
Client Project #: 2-11-15008

Slte Location:

Sampler Initials: MT

RESULTS OF CHEMICAL ANALYSES OF SEA WATER

AMPHIPAD DAY-1 PORE WATER ECOTOX

Mauexain Anakytics Intesnationat Corporation ofa Maxxarn Analytes Burnaby: 4606 Canada Way VSG 1K5 Telephone{604] 734.7276 Foxl604) 731-1386

Maxxam 1B, ... MiK9568 MKI569 | MKI5TO MKI57L | MK9572 | MKes73 MK9574
) 2015/06/11 2015/06/11 | 2015/06/11 2015/06/11 | 2015/06/11 | 2015/06/11 2015/06/11
6094765 GO9A7E5 | GOS4TES G094765 | GO94765 | GOS4765 G09A765
Units| 15SED11 |RDL| 15SEDOZ | 15SEDO3 |RDL| 15SEDO5 | 1SSEDD6 | 15SEDO7 | RDL | 15SEDOS |RDL
Nutrients
Total Ammonia {N) [mert] 78 [ose] 1 15 |oto] 69 6.6 78 Jooso| 15 [oac
RDL = Reportable Detection Limit
Page 2 of 6




ECOTOXICOLOGY

MARINE SEDIMENT TEST - POREWATER MEASUREMENTS

Ma?{%am

BBY2FCD-00135/3
Page 1 ofl

Client# & Name:  \\W3g Al Nedh Date Measured: -\ S “ Ym0 %
Porewater Collection Method: ‘AT Cevaih 22 o ,Smmﬁ@ UJB\'\Q
&Y Zro BN Gtk @ JSah o fob Jo me. e Y
Temperature Ammonia
Sample ID Salinity (%) {°Q) pH (mg/L) Sulphide {mg/L)
}55ED | 25 N bt 0253
15SEpod | 26 \&-* 1. €l 0208
1S SED 03 | &R ¢, S 7.6 ! 0. 284
\$SEDosS | I35 4.6 Rk O 0-45M
1S SEDod | S 9 | 7 D 0.795
1ISSED &) L AN | Qo b 5.0 SR
E‘S\ﬁi‘f 2.5 %o | M. S |2 (O
e L Joie
=S Jirt
‘\k
\
Analyst E.S Es & Wi W
Date ’ﬁ"fﬁ o "“‘g‘%‘f\\éﬁﬁ ﬁfif o o INGS | 2006 T 03
Comments
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ECOTOXICOLOGY BBYZ2FCD-00135/3

MARINE SEDIMENT TEST ~ POREWATER MEASUREMENTS Page 1 of 1
Client# & Name: W% Sehea e Date Measured: 2045 TJuvi Ly
Porewater Collection Method: Qﬁh"\%(}ed S@d PmEeNts {:{56 28 Mun 60 4 a)
Hoon Kfm Using Table-up contcfuge BEY2. 0313
Temperature Ammonia
Sample ID Salinity (%) (°C) pH {mg/L) Sulphide (mg/L)
seoll | 25 | AN | A3 v 3g |\
SEN G | 2o b8 35 vow |\
€00y | 1S S 13 v s |\
SEO 05 13 7.0 B A >
‘ ©
Do | 24 | Y | R v bl | \A
SED 0% ™ lip. b T V18 A
Sé\wi B b | 3L [/ 15 i’;,
T~
- \
Analyst g M% 111 4k jﬂ)Mk_»- ﬂ‘()\
Date <Nt | S Tuntt| 2oisTunl] |20 Junlh 41N
Comments
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APPENDIX

B 10-DAY MARINE AMPHIPOD TEST
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CETIS Analytical Report Report Date: 06 Jul-15 11:24 (p 1 of 4)
Test Code: EE-11478-0115 | 12-1189-6499

Eohaustorius 10-d Survival and Reburial Sediment Test Maxxam Analytics

Analysis ID:  05-3272-2821 Endpoint: Survival Rate CETIS Version: CETISv1.8.7

Analyzed: 06 Jul-15 11:24 Analysis: STP 2x2 Contingency Tables Official Results: Yes

Batch ID: 17-8400-6913 Test Type: Survival-Reburial Analyst:

Start Date: 12 Jun-16 1310 Protocol: EC/ERPS 1/RM/35 Diluent: Natural Seawater {Van. Aquarium)

Ending Date: 22 Jun-1512:00 Species:  Eohaustorius estuarius Brine: Not Applicable

Duration: 9d 23h Source:  Northwestern Aguaiic Science, OR Age:

Sample Code Sample ID Sample Date Receive Date  Sample Age  Client Name Project

Control 18-5837-4842 12 Jun-15 12 Jun-15 13h Tetra Tech 2-11-15007

15SED11 15-6240-9376 22 May-15 23 May-15 21d 13h

155EDO2 12-8649-8243 21 May-15 22 May-15 22d 13h

15SEDO3 18-5588-3709 21 May-15 22 May-15 22d 13h

15SEDO5 10-5366-6000 21 May-15 22 May-15 22d 13h

16SED06G 19-5992-9006 21 May-15 22 May-15 22d 13h

158EDO7 09-4217-4404 21 May-15 22 May-15 224 13h

155ED08 21-3716-2985 21 May-15 22 May-15 22d 13h

Sample Code Material Type Sample Source Station Location Latitude Longitude

Control Marine/Estuarine Se Telra Tech Control

158ED11 Marine/Estuarine Se Tetra Tech 158ED11

15SEDO2 Marine/Estuarine Se Tetra Tech 153ED()2

168EDO3 Marine/Estuarine Se Tetra Tech 15SEDQ03

15SEDGS Marine/Estuarine Se Tetra Tech 153EDO5

16SEDQE Marine/Estuarine Se Tetra Tech 16SED0OS

15SEDG7 Marine/Estuarine Se Tetra Tach 158EDO7

15SEDOS Marine/Estuarine Se Tetra Tech 15SED08

Data Transform Zeta Alt Hyp Trials Seed Test Result

Untransformed C>T NA NA

Fisher Exact/Bonferroni-Holm Test

Sample vs Sample Test Stat P-Value P-Type Decision(c:5%)

Control 155ED11 0.3144 1.0000 Exact Non-Significant Effect

Control 158EDRO2 0.7513 1.0000 Exact Non-Significant Effect

Control 158EDO3 0.1058 0.7408 Exact Non-Significant Effect

Control 15SEDOS 0.5 1.0000 Exact Non-Significant Effect

Control 16SEDOG 0.3106 1.0000 Exact Non-Significant Effect

Control 16SEDO7 0.7513 1.0000 Exact Non-Significant Effect

Control 155EDO8 0.5 1.0000 Exact Non-Significant Effect

Data Summary

Group NR R NR +R PropNR PropR %Effect

Control 98 1 100 0.99 0.01 0.0%

15SED11 98 3 101 0.9703 0.0297 1.99%

15SEDO2 99 1 100 0.99 0.01 0.0%

15SEDC3 95 5 100 0.85 0.05 4,04%

15SEDQS 98 2 100 0.68 0.02 1.01%

16SEDQ6 97 3 100 0.87 0.03 2.02%

158EDQY 99 1 100 0.99 0.01 0.0%

15SEDOS a8 2 100 0.98 0.02 1.01%

000-274-187-3

CETIS™ v1.8.7.16
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CETIS Ana[ytica] Report Report Date: 06 Jul-15 11:24 (p 2 of 4)
Test Code: EE-11478-0115 | 12-1189-6499
Eohaustorius 10-d Survival and Reburlal Sediment Test Maxxam Analytics
Analysis ID:  05-3272-2821 Endpoint: Survival Rale CETIS Version: CETISv1.8.7
Analyzed: 06 Jul-15 11:24 Analysis: STP 2x2 Confingency Tables Official Results: Yes
Survival Rate Detail
Group Rep 1 Rep 2 Rep 3 Rep 4 Rep 5
Control 1 0.95 1 1 1
15SED11 1 0.85 1 1 1
158ED02 1 0.85 1 1 1
158EDO3 1 0.95 0.95 0.95 0.9
15SEDOS 1 1 1 0.95 0.95
165ED0S 0.95 1 1 0.95 0.95
15SEDQ7 1 1 1 1 0.95
15SEDO8 1 0.95 1 0.95 1
Graphics
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CETIS™ v1.8.7.16
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CETIS Analytical Report

Report Date:
Test Code:

06 Jul-15 11:24 (p 3 of 4)
EE-11478-0115 | 12-1189-6499

Echaustorius 10-d Survival and Reburial Sediment Test

Maxxam Analytics

CETIS Version: CETISv1.8.7

Analysis ID:  (06-2995-3516 Endpoint: Survival Rate

Analyzed: 08 Jul-1511:24 Analysis: STP 2x2 Contingency Tables Official Results: Yes

Batch ID: 17-8400-6913 Test Type: Survival-Reburial Analyst:

Start Date; 12 Jun-1513:10 Protocol: EC/EPS 1/RM/35 Diluent: Natural Seawater (Van. Aguarium)

Ending Date: 22 Jun-1512:00 Species: Eohaustorius estuarius Brine: Not Applicable

Duration: 9d 23h Source: Northwestern Aquatic Science, OR Age:

Sample Code Sample ID Sample Date Receive Date  Sample Age  Client Name Project

158ED11 15-6240-9376 22 May-15 23 May-15 21d 13h Tetra Tech 2-11-15007

15SEDO2 12-8649-8243 21 May-15 22 May-15 22d 13h

15SED03 18-5588-3709 21 May-15 22 May-15 22d 13h

15SEDO5 10-5366-8000 21 May-15 22 May-15 22d 13h

168ED08 18-5892-9006 21 May-15 22 May-15 22d 13h

158EDO7 09-4217-4404 21 May-15 22 May-15 22d 13h

16SEDO0S 21-3716-2985 21 May-18 22 May-15 22d 13h

Sample Code Material Type Sample Source Station Location Latitude Longitude

188ED11 Marine/Estuarine Se Teira Tach 15SED11

156SEDO2Z Marine/Estuarine Se Tetra Tech 15SEDG2

158EDQ3 Marine/Estuaring Se Tetra Tech 15SEDO3

15SEDO5 Marine/Estuarine Se Tetra Tech 158EDQS

16SEDOS Marine/Estuarine Se Tetra Tech 185ED0S

155EDQ7 Marine/Estuarine Se Tefra Tech 158EDQ7

153EDO8 Marine/Estuarine Se Tetra Tach 15SEDO8

Data Transform Zeta Alt Hyp  Trials Seed Test Result

Untransformed C>T NA NA

Fisher Exact/Bonferroni-Holm Test

Sample vs Sample Test Stat P-Value P-Type Decision{a:5%)

153ED 11 156SEDQ2 1 1.0000 Exact Non-Significant Effect

158ED11 158EDC3 0.355 1.0000 Exact Non-Significant Effect

15SED1] 15SEDOS 1 1.0000 Exact Non-Significant Effect

15SED M 16SEDOG 0.6539 1.0000 Exact Non-Slgnificant Effect

15SED11 155EDO7 1 1.0000 Exact Non-Significant Effect

158SED 11 158EDOS 1 1.0000 Exact Non-Significant Effect

Data Summary

Group NR R NR+R Prop NR PropR %Effect

153ED11 98 3 101 0.9703 0.02¢7 0.0%

155EDO2 99 1 100 0.99 0.01 -2.03%

15SEDO3 95 5 100 0.95 0.05 2.09%

15SEDOB 9a 2 100 0.98 0.02 -1.0%

16SEDQOS a7 3 100 0.97 0.03 0.03%

158EDO7 98 1 100 0.99 0.01 -2.03%

155ED08 98 2 100 0.98 0.02 -1.0%

Survival Rate Detail

Group Rep 1 Rep 2 Rep 3 Rep 4 Rep 5

158ED11 1 0.85 1 1 1

16SEDOZ 1 0.95 1 1 1

16SEDQ3 1 0.95 0.95 0.85 0.¢

15SEDOS 1 1 1 0.95 0.95

16SEDOG 0.95 1 1 0.98 0.85

153EDO7 1 1 1 1 0.95

158ED08 1 0.95 i 0.95 1
2.
Zof s 8 2 “z?g ©

000-274-187-3

CETIS™ v1.8.7.16
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CETIS Analytical Report

Report Date:
Test Code:

06 Jul-15 11:24 (p 4 of 4)
EE-11478-0115 | 12-1189-6499

Eohaustorius 10-d Survival and Reburial Sediment Test

Maxxam Analytics

06-2895-3516
06 Jul-15 11:24

Endpolnt: Survival Rate
Analysis: STP 2x2 Contingency Tables

Analysis I1D:
Analyzed:

CETIS Version:

CETISv1.8.7

Official Results: Yes

Graphics

Survival Rate
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Maxxam Analytics

Client Name and # Tetra Tech # 11478

10-day Eohaustorius estuarius Survival Test
Summary of Survival

Job #: B542517, B542802

Start Date: 2015 Jun 12
End Date: 2015 Jun 22

Sample ID Sample # Replicate | #Exposed | # Surviving | Survival (%} | Mean Survival (%) s
Control - A 20 20 100 99 2
B 20 19 95
C 20 20 100
D 20 20 100
E 20 20 100
15 SED 11 MH4920 A 20 20 100 97 7
B 20 17 a5
C 20 20 100
D 20 20 100
E 21 21 100
15 SED 02 MH3566 A 20 20 100 a9 2
B 20 19 95
C 20 20 100
D 20 20 100
E 20 20 100
15SED 03 MH3567 A 20 20 100 95 4
B 20 19 G5
C 20 19 95
D 20 19 95
E 20 18 90
15 SED 05 MH3569 A 20 20 100 98 3
B 20 20 100
C 20 20 100
D 20 19 95
E 20 19 95
15 SED 06 MH3570 A 20 19 95 97 3
B 20 20 100
C 20 20 100
D 20 19 95
E 20 19 95
15 SED 07 MH3571 A 20 20 100 589 2
B 20 20 100
C 20 20 100
D 20 20 100
E 20 19 95
15 SED 08 MH3572 A 20 20 100 98 3
B 20 19 - 95
C 20 20 100
D 20 19 95
E 20 20 100

;}ﬂ QO/Y'/Q‘/-/ 16



ECOTOXICOLOGY

| i a{@a 1
BBY2FCD-00221/2
ENVIRO. CANADA MARINE AMPHIPOD 10 DAY SEDIMENT TEST - Page_ | of L
TEST CONDITIONS AND SURVIVAL DATA
Client # & Name: WIAAR Telea Necn Start Date & Time: 2015 Suar 26 VAW
Sample Date: ey, \-‘\r\d N~ End Date: 204D Sy L

Sample Received: 2!'"2“'3 P :’ ;‘12 23 Species: [= :l\\ (o S&ES‘IE 3 Qw:.én & WS

Maxxam Project #: B A VAROECE

Organism Lot #:

BEWSD BS"FZ ?ﬁ 7.

Job #:
Analyst(s): _ ). Len Cﬂﬁm W L} 7 1l ﬂm\(‘i\ﬁ\b D] ox
Sample ID: Qon\qm\ - y
Day 0 3 5 7 10
Day Friday Monday Wednesday Friday Monday
Date 106 Sl [ZOASTSUOAS [20ASTINAA Pasvnng | oS a2t
Temperature(°C) P10 15.0 15.3 4. 14
D.0. {mg/L) 4.9 Ty L S 8' %\
pH 4.0 §.©
Salinity {%c) X 1%
Analyst I (_}:ﬁ C/ \.N\&/ iU(
# Alive
Replicate A B C D E
1w LG 10 20 0
Analyst Y Vi 3¢ - 4
Ammonia Sample (mg/L)
Initial Final
v ooV < L0050
sampie ID:  Sed, |\
Day O 3 5 7 10
Day Friday Monday Wednesday Friday Monday
Date 28T uaN\ 70ASSNAS [70ASSan Rt | ZorS AN 19 | J0E5072-
Temperature("C) Al 4% 1S5.¢ 4.4 144
D.O. (mg/L) 8.5 B X 4, - %o
pH J.4 &3 2
Salinity (%) 2.4 78
Analyst AL o H
]
# Alive
Replicate A B C D E
0 E: 70 0 Zl
Analyst A3 ’ﬁm\g &y (X |23
Ammonia Sample (mg/L}
Initial Final
/__vaad 2
e
wg DML Lo Senw waf%éhﬂ




ECOTOXICOLGY

Maz{jf?am

EBY2FCD-00221/2

ENVIRO. CANADA MARINE AMPHIPOD 10 DAY SEDIMENT TEST - p
age iof_’—(:_
TEST CONDITIONS AND SURVIVAL DATA
sample ID:  Sed
Day 0 3 5 7 10
Day Friday Monday Wednesday Friday Manday
Date 206 Renvy | 20I8SonAS 204880 14 ZotSIvNi1 8 | 1oz
Temperature(°C} Ve T AU A J4qy-s M{k&
D.O. {mg/L) %3 P R, .l ¥\
pH 9.0 7 ik
Salinity {%a) a8 7%
Analyst D M
# Alive
Replicate A B C b E
Fiv) 14 20 70 3%
Analyst @ K Dvan G Ay
LW 28
Ammeonia Sample {mg/L)
Initial Final
o VAN | O
w -
Q%‘:,ﬁﬁmﬂrb
sample ID: Q&N A
Day 0 3 5 7 10
Day Friday Monday Wed?esday Friday Manday
Date 205 Seet . 2AS Sn 4SS (7SSt | S IV SALi—]
Temperature(°C) YA, 1 ad. & 4 212
D.0. (mg/L) g.% < Y [
pH 5.0 X,
Salinity (%o} Ty 20
Analyst o : M
v v
# Alive
Replicate A B C D, E
H0 1 ¢ iR 14 /]
Analyst A if_;‘( o 273 Dl
Ammonia Sample {mg/L)
Initial Final
v \oF e oMY

NUCR ﬁ&hb
LL\M\) . k"\wwﬁb .

Mtr N %L}qj e o &L‘?\mbe.. sova -~ jrevw



ECOTOXICOLGY

P,
& ;vdj( arn
BBY2FCD-00221/2

ENVIRO. CANADA MARINE AMPHIPQOD 10 DAY SEDIMENT TEST - Page 2
age of_i:_"\__
TEST CONDITIONS AND SURVIVAL DATA
Sample ID: S\ &~
Day 0 3 5 7 10
Day Friday Monday Wednesday Friday Monday
Date e T 200N AS | Ter<SsSn A Fors o9 | Loicanzs.
Temperature{°C) A A4 . 44. 8 . 2
D.0. {mg/L) g A 5.t
pH %0 o
salinity (%o) N L&
Analyst Xyl &
# Alive
Replicate A B C D E
10 2z e VA& {9
Analyst Y C: 5 AW WA, -
Ammaonia Sample (mg/L)
Initial Final
N4 o4 |~ 1.2
Sample ID: Sed O,
Day 0 3 5 7 10
Day Friday Monday Wednesday Friclay Monday
Date 10V vl Z0AS SO AS | 7oasun g [ Zersavad 19 | 06an2e-
Temperature(*C) A AU.S AH. (o 4.(p .5
D.0. (mg/L) & 28 5% < P -5 %
pH 34 a2
Salinity (%o) '5’._5 :
Analyst I { Y
# Alive
Replicate A B C D E
I TS 19 q i
Analyst ~.S i rgns i Ky
Ammania Sample (mg/L)
Initial Final
- D5y

Broemee 206 T

—f .80



ECOTOXICOLGY
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BBY2FCD-00221/2

ENVIRO. CANADA MARINE AMPHIPOD 10 DAY SEDIMENT TEST - p
age _B;_of _L\»_
TEST CONDITIONS AND SURVIVAL DATA
Sample ID: Qe o
Day O 3 5 7 10
Day Friday Monday Wednesday Friday Maonday
Date FOVE Senite 2oa s SundsS |TCASSR At | Porsavatq | 2050w
Temperature(*C) (B a@ b AL 7 .= 144 42
D.0. (mg/L) 4.6 » < xS 8T
pH 6.0 a4
Salinity (%o) Y 7%
Analyst Yk W
# Alive
Replicate A B C D E
20 70 (IS 2 9
Analyst e.5 WA ﬁ Aywhs 5{‘_}(
Ammoenia Sample (mg/L)
Initial Final
sample ID: el %
Day 0 3 5 7 10
Day Friday Monday Wednesday Friday Monday
Date 2016 Suyrndr 2eAS SIS 170 S8 171 e 52V 81 9 1 204sTnzz
Temperature("C) e .z A4S jef- B e .2
D.0. (mg/L) G W S & . i ‘o
pH &0 K. 2~
Salinity (%) 2% LE
Analyst et - N |44
i Alive
Replicate A B_ cC = 5 D E
R LA 20 i o
Analyst S > Pl L 84
Armmonia Sample {mg/L)
Initial Final
of 1o\ Wl A

Bue s 206 Guat
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ECOTOXICOLOGY BBY2FCD-00217/1
MARINE AMIPHIPOD 10 DAY SEDIMENT TEST - AERATIQ}‘{E&FCKS . Page 1of1l
Start Date & - _
Client # & Name: WK jm ”}g'}c Time: L@is \]Uﬂ\z p !?;\1;{3

Initial when aeration is checked. If air is off record DO and note which replicate(s) in comments section.

Day 1 0 1 2 3 4 5 6 7 8 9 10

Date Qo0 S B B BB B 22 B [ 2 Eigzz

Early AM Sl | (’Aﬁ et | @f ™R V‘?(, Tt | ™0

Mid-day owe | M A | P [CT GF [me | A [T | ":\L

Late PM W "‘( my | of & G-t O‘ﬁ VWAO ‘Xi/ T/ | WO y}‘\;))\
\ S

Comments:
7015 Tun | — &4 oevation 0 15 -t
228 Senil- otk ”'ip@fs GOEE]  DLUEA W sedovent G dwas s DWW 2

;“IST\MJ\L"' a A %\S Ccn, \L)uné vu%‘\u\ \\/L\o St r/hﬁ,ﬂﬂ,i-s c:«," /c.j@, O%QO[V U’df”"-
T JndsS —all fmclb nurned tn sedhvvents exce¥ I8 56D A4 wnich Some m:sei.s

@.fe, Qﬁ:ﬁﬁ(u:iﬁi}imuw\mum (‘Nﬁdﬁf‘ﬁ\ AN (&%hmﬂ@j}nm&e&/ {)“'P
2048 Son 46 ol aods xxiied m%ﬁdam\f&&mﬁ ISSEGAA an winoin Sevwe mat\
ove Pective [sunmmann agcundn O\/@:ﬁum,ﬂ wmic/ Gt

ZoAS Sund3 -all ch*ié %fmrejs@:ﬁ A %@c‘%mf@% @K’fm ﬁrﬁ%ié(‘% i udoin Some

f\f'\{“i\{lx € FAlivavaivIn O @mci M w&mcm WM@/
208 Sualk ~ GG S\ Qo v \QD E N Q_ﬁvn\m\\f\rﬁ\ - v
7201SJun 18 - Fﬁ%ﬁrﬁ*\%’ﬁﬁmﬁé W IS SEDA2A X DO 2. iMﬁ/L{/C?S i%: sfm‘) estarted
BVEow. 506 Suang AT aeroan (DW%JO%) ™o One amah\aﬁ was gi?\nmmma e

\ B wemo 201€ Tin'g .
'ZO‘\STwn\gO;’:i@gfg\‘ S’roﬁpaj w s<eEpoze, DOz g L}W\ﬁ[k (olgb/agﬁ\o

e A0 &ed acr&*tw E €13, v O uect ZASSOICR
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BBY2FCD-00035/1

ECOTOXICOLOGY
Page 1 of 1

TEST QBSERVATIONS

Page \ of \

Test Initiation Date: Q\OL{SQSUT\\J@ Test Item: RN

Spensor: ”\ﬂe\xm N Study Number: o\

Test Method: Al ensian onds, Project Number: D=\ SO0
Y ]

Jou s qua\d — Al \;LS}’ s5Seds St cechsre normelly o AM
e Lin‘mr\ ¢ i M ~ ﬂ

25vb Szt - Aeralion Sogged wn Y A5 SEDOT C._ wien chrecked i Q04
At D0 = %7 (Aot % sob) . Resadted oprohion@0%A0L. o

IS0z~ Connth_Gepe -\ dead omgngod Soud vk

ﬁ;l_@‘:f) Son 22~ &\ QUA bosed i 16ae _@\“\h\;}s ACNE, Aoioin W

AN

~ P
\\\ g \)\\]\\M_
\ "
~ )OS
~ - R
\\ (T’&H\V\ ‘
\ o

Form approved hy: KO g;"k/}u’/ Date: //du/ﬂ_o (?Q a?()// \\



Randomization Chart for Amphipod Test
Use the coloured dots to find appropriate concentrations

Paosition Map
Back Wall
6 12
5 11
4 10
3 9
2 8
1 7 etc...
Front of Counter
Client # 11478 Date: 2015 Jun 12
Position # Treatment Replicate Colour Position # Treatment Replicate Colour
11 Contro! A Red 21 15sed 07 A Orange
24 . B Red 44 B Crange
9 C Red 25 C Orange
18 D Red 41 D Crange
33 E Red 8 E Orange
3 Measure Red 42 Measure Qrange
23 15sed 11 A Green 12 15 sed 08 A Lt green
13 B Green 7 B Lt green
43 C Green 6 C Lt green
48 D Green 28 D Lt green
16 E Green 14 E Lt green
4 Measure  Green 35 Measure Lt green
19 15sed 02 A Yellow
29 B Yellow
34 C Yellow
38 D Yellow
39 E Yellow
17 Measure  Yellow
22 15sed 03 A White
37 B White
38 C White
40 D White
2 ’ E White
45 . Measure White
20 15s5ed 05 A Lt blue
30 B Lt blue
28 C Lt blue
10 D Lt blue
48 E Lt blue
27 Measure Lt blue
32 15sed 086 A Pink
cH| B Pink
15 C Pink
5 D Pink
47 E Pink
1 Measure Pink

N:fBioIogy/BiOassay/Forms/Amphipods!Randomizaﬁon Chart-Amphipods. xls
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ECOTOXICOLOGY BBY2FCD-00219/1
MARINE AMPHIPOD 10 DAY SEDIMENT TEST - SEAWATER Pagelof 1l
Instructions: Add 175 mL sediment to each test vessel.

Add 900 mL control seawater to each test vessel by pouring the seawater
over a diffuser held just above the water level. Use a separate diffuser for
each sediment.

Randomize the test vessels, add a lid, insert airline

Client # & Name: \\\.ﬂ—?‘q 'Te,\to\ Teekh

Source of Seawater:  \Jogn Acvs G
‘ v h]

Seawater Batch: Q\;@ it/) TSKM’\@ \

Date Used: fLO\/:D ‘:3\}'(\\\

Ui

Sample IDs: \Jao o

Water Quality Before Use:

D.0. (mg/L): Dl% pH: %\G
Temperature (°C): M S Salinity (%) : A
Analyst: \\ﬂ @) TES)\Q/




ECOTOXICOLOGY ORGANISMS - WA 3 fé/’_a n
ACCLIMATION AND HOLDING CONDITIONS :
BBY2FCD-00070/2

Page \ of ]

Client #'s “ng Date & Time of Arrival: 20\'5 S&)ﬂ DC‘?I oo LU0
. S
Crganism Lot #: Nﬁ&b@@ﬂq f}%upon Arrival: ?)“""5 im
Water (L} per Shipping Bag: ﬁ\(‘}@ Organism: EONAUSTDNUS 2SNV S
Number of Shipping Bags: \5 #of Organisms Ordered: L\’%’D n@ i
Arrival Conditions
Cond
{nS/em)/
alinity _
Bag ID # Dead % Dead (ppt Temp {°C) | DO {mg/L} pH Feeding Analyst
—
“‘-‘_\\ "?a )
\jif‘*‘u;{j f5 el
%@I P
L7
e
%'h"”’"»-.,.,,_
@ e
Daily Conditions During Holding/Acclimation W@ Qﬁwﬁgh @MQV’% ‘ﬂ% H:?—U o da af(addiﬂ WG it wﬁ\gﬂ
Mortalities Water Quality
Cond
{ 74
C Sa[nmtb
Date # Dead % Dead “Se.{ppt} Temp (°C) | DO {mg/L} pH Feeding Analyst
2015 Jons | e | 28 \5.% 4.1 3. Mo | ok
2015 JUN N 3 Ao | 2% % | €9 1% nlo. [yt
“&\é&wﬂ, O ol AR VD P X N VIR B Y
N‘-—%
\_,_%_
=
h\m —_—
—
N\ |
(,—) F-’)\_.C ﬂ‘} N | ‘\\
Pl J L l’/")
Total Mortalities AN [N
Comments {e.g. feeding times and guantities; fish behaviour, acclimation conditions): Analyst
2o Tun 04 -_one_dead mnomor@ V00N O (N LS
- Placed Shippng Conva; o0Zis iy o \cvge Qdudrinm wivly M

Van. Aqua. sed{wgtrer (opicin 208 May 01 ve~tivesed 0SD00BY gt
and_air bog . Nee® WQ of suyer 2 Tenp (0 =2 =31 mi
m‘ww\o % Sammwm—‘) % Wi

N
\\-—ié?f T,

® we my 2015300 09
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Northwestern Aquatic Sciences % ﬂ
3814 Yaquina Bay Rd., P.O. Box 1437, Newport, OR 97363
Tel: 541-263-7225, Fax: 541-265-2799, www.nwaquatic.com

SUBJECT: Animal Collection Data Sheet (shipping)

SOLD TO: Maxxam Analytics Attn: Marriah Grey/Janet Pickard
4606 Canada Way 604-726-7276 ex. 2302/ 800-665-8566
Burnaby, BC Canada V5G 1K5 FAX: 604-731-2386

FedEx account number: 353748343

DATE OF SHIPMENT: 6-8-15

ANIMAL HISTORY
Species Age/Size Number Shipped
Eohaustorius estuarius 3-5 mm 1440 4+ 10%

WATER QUALITY AT TIME OF SHIPMENT

Temperature (° C): /&7 | PH: 52— Salinity (ppt): <&« O DO .(mg/L): 4

Other:

PACKAGEDBY: V(20 Mo Slodrer DATE: 4 s

FIELD COLLECTION/CULTURE NOTES:

Collected on 6-5-15 at Lower Yaquina Bay, OR.
Collection site data: Temp: 8.0°C, Salinity 33.0 ppt; salinity adjusted down ~5 ppt,
Held at 15°C in aerated water.

ADDITIONAL COMMENTS:

20 1. 0.5 mm sieved home sediment included.

: ,4/’%51%@' : of/i-\K
PLEASE RETURN ALL SHIPPING MATERIALS

Ifyou have any questions, please call Gary Buhler or Gerald Irissarti at {541) 265-7225.
Thank You.



Maxxam
Marine Amphipod 10 Day Acute Survival Sediment Test

Length Measurements

Client # & Name: 11478 Tetra Tech © Species: Eohaustorius estuarius

Start Date: 2015 Jun 12 Organism Lot # NA150609

Sample IDs; Various
Job #: B542517, B542802

Lengths at Beginning of Test

Marine Length
Amphipod # {(mm)
1 3.0
2 3.0
3 3.0
4 4.0
5 4.0
6 4.0
7 3.0
8 3.0
9 4.0
10 4.0
11 3.0
12 3.0
13 4.0
14 3.0
15 3.0
i6 3.0
17 4.0
18 3.0
19 4.0
20 4.0
Average 35
SD 0.5
Analyst DML

Average must be 3-5 mm (Environment Canada 1992, ASTM 2003, PSEP 1995)

FORM:1603F3V1
Z:\Divisions\Environmental Quality\Ecotoxicalogy\Private\Ecotox\BIOASSAY\2-1142-11-15007 Tetratech\Amphipod\Marine Amphiped Lengthag06/10/30



ECOTOXICOLOGY o ;{;{ ar
MARINE AMPHIPOD 10 DA VIVAL SED T TEST - i
Y ACUTE SURVIVAL SEDIMENT TEST - " 00004

LENGTH MEASUREMENTS Page 1 of 1

Client # & Name: W% el echn Species: Eohaustorius estuarius

LIEINCah Dent
Start Date: 4. wA Soan 04 VL Organism Lot #: 338 WSt i
)t

Sample IDS: \JpgnoraS

lob #: ’_’& Sud At REw) §CT

Lengths at Beginning of Test

Marine Length
Amphipod # {mm}
1 %
2 3
3 3
4 s
5 4
6 I
7 3
8 3
: ¢
10 H
11 3
12 2
13 4
14 2
15 3
16 3
17 L
18 )
19 Lt
20 ' L
Average #DIV/O\!
SD HDIV/0!
Analyst e

Average must be 3-5 mm (Environment Canada 19592, ASTM 2003, PSEP 1995)
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Maxxam Analytics (TOX Internal}
Client Project #: 2-11-15007

Site Location:  AMPHIPQD |VERLAY DAY 0 - POD
Sampler Initials: MA

Maxxam Job #: B549792
Report Date: 2015/06/19

RESULTS OF CHEMICAL ANALYSES OF SEA WATER

Raxsam Analytics Intemational Corporation ofa Mawam Analytics Burnaby: 4606 Canatla Way V56 1K5 Telephone(604) 734-7276 Fax{B04) ¥31-2386

ML2374 ML2375 ML2375 ML2377 ML2378
2015/06/12 2015/06/12 2015/06/12 2015/06/12 2015/06/12
094767 g004767 g0%84767 g094767 g094767
CTRLO DO ISSEDO2 DO ISSEDD3 DO ISSEDQ5 DO ISSEDO6 DO RDL
POD POD PCD POD POD
Nutrients
Total Ammonia (N] [mg/l] o018 1.2 17 0.92 0.86 0.0050
RDL = Reportable Cetection Limit
ML2379 ML2380 ML2381
2015/06/12 2015/06/12 2015/06/12
g094767 g094767 094767
EDQ7 B
Units 155 P(;]D 0 ISSE;)(;JE DO ISSE[LD(Jlé Do RDL
Nutrients
Tatal Ammonia (N) | me/t| 0.88 11 2.9 0.0050
RDL = Reportable Detection Limit
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Ma

A Bureau Yoritos Broup Company
¢f

Maxxam Job #: B552697
Report Date: 2015/06/24

Maxxam Analytics (TCX Internal)
Client Project #: 2-11-15007 DAY 10 OVERLY

Site Location:  TOX
Sampler Initials: DML

RESULTS OF CHEMICAL ANALYSES OF SEA WATER

Maxcant Anzivtics International Corporation ofa Maxxam Analytics Burnaby: 4606 Capada Way V5& 1K5 Telephone (804} ¥34-7276 Fax[G04) 731-2386

MMS151 MM8152 MMBS153 MM8154
2015/06/22 2015/06/22 2015/06/22 2015/06/22
G094777 G094777 G094777 6094777
urits|  CTRLOVERLY DAY 10 15SED02 DAY 10 15$ED03 DAY 10 15SEDOSDAY10 | o
POD POD POD POD
Nutrients
Total Ammonia {N) [ mg/L| <0.0050 0.91 0.42 2.2 0.0050
RDL = Reportakle Detection Limit
MM&155 MME156 MM&157 MMS158
2015/06/22 2015/06/22 2015/06/22 2015/06/22
G094777 G094777 G094777 G094777
155ED06 DAY 10 155ED07 DAY 10 155EDO8 DAY 10 1SSEDLLDAY 10 | o0
POD POD POD POD
Nutrients
Total Ammonia (N) [ me/L| 0.34 1.0 4.1 [0.0050| 12 0.10
RDL = Reportable Detection Limit
Page 2 of 6




City of Nanaimo DRA
Marine Sediment Toxicity Testing

APPENDIX

C 20-DAY MARINE POLYCHAETE GROWTH AND SURVIVAL TEST

Maxxam Analytics




CETIS Analytical Report

Report Date: 06 Jul-15 11:58 {p 1 of 12)
Test Code: NA-11478-0115 | 19-5018-5480

Neanthes 20-d Survival and Growth Sediment Test

Maxxam Analytics

Analysis ID:  06-2486-3002 Endpoint: Growth Rate-mg/day CETIS Version: CETiSv1.8.7

Analyzed: 06 Jul-15 11:55 Analysis: Parametric-Control vs Treatments Official Results: Yes

Batch 1D: 04-3672-6765 Test Type: Survival-Growth Analyst:

Start Date: 10 Jun-15 11:58 Protocol: PSEP (1995) Diluent:  Natural Seawater (Van. Aquarium)

Ending Date: 30 Jun-15 12:00 Species: Neanthes arenacecdentata Brine: Not Applicable

Duration: 20d Ch Source:  Aguatic Toxicology Support Age:

Sample Code Sample ID Sample Date Receive Date  Sample Age  Client Name Project

Control 07-3743-5224 10 Jun-15 10 Jun-15 12h Tetra Tech 2-11-15007

155ED11 15-6240-9376 22 May-15 23 May-15 19d 12h

15SEDO2 12-8649-8243 21 May-15 22 May-15 20d 12h

15SEDO3 18-5588-3709 21 May-15 22 May-15 20d 12h

15SED0S 10-5366-6000 21 May-15 22 May-15 20d 12h

16SED06 19-5992-9006 21 May-15 22 May-15 20d 12h

155EDO7 09-4217-4404 21 May-15 22 May-15 20d 12h

15SEDD8 21.3716-2985 21 May-15 22 May-15 20d 12h

Sample Code Material Type Sample Source Station Location Latitude Longitude

Control Marine/Estuarine Se Tetra Tech Contro!

15SED11 Marine/Estuarine Se Tetra Tech 155ED11

158ED02 Marine/Estuarine Se Tetra Tech 155ED02

158ED03 Marina/Estuarine Se Tetra Tech 158EDR03

158ED05 Marine/Estuarine Se Tetra Tech 155EDOS

16SEDOG Marine/Estuarine Se Tetra Tech 16SEDR0S

155EDO7 Marine/Estuarine Se Tetra Tech 15SEDOY

15SEDO8 Marine/Estuarine Se Tetra Tech 16SED08

Data Transform Zeta Alt Hyp Trials Seed PMSD Test Result

Untransformed NA C>T NA NA 26.5%

Dunnett Multiple Comparison Test

Sample Code vs Sample Code Test Stat  Critical MSD DF P-Value P-Type Decision{o:5%!}

Control 188ED11 1.736 2.445 0212 8 0.1881 ChF Non-Significant Effect
155ED02 1.283 2.445 0212 8 0.3517 CDF Neon-Significant Effect
158ED03 0.848 2.445 0.212 & 0.5510 CDF Non-Significant Effect
158ED05 1.301 2445 0.212 8 0.3429 CDF MNon-Significant Effect
16SEDO8 2.245 2.445 0212 8 0.0751 CDF Non-Significant Effect
188EDO7 0.8916 2.445 0.212 8 0.5305 CDF Non-Significant Effect
158ED08 1.575 2.445 0212 8 0.2378 CDF Non-Significant Effect

ANOVA Table

Source Sum Squares Mean Square DF F Stat P-Value Decision{a:5%)

Between 0.119948 0.01713542 7 0.8107 0.5108 Non-Significant Effect

Error 0.6020839 0.01881543 32

Total 0.7220418 39

Distributional Tests

Attribute Test Test Stat Critical  P-Value  Decision{a:1%)
Variances Bartlett Equality of Variance 5.145 18.48 0.6422 Equal Variances
Disiribution Shapiro-Wilk W Normalify 0.9739 0.9236 0.4728 Norrnal Distribution

000-274-187-3
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CETIS Analytical Report Report Date: 06 Jul-15 11:58 (p 2 of 12)

Test Code: NA-11478-0115 | 19-5018-5460
Neanthes 20-d Survival and Growth Sediment Test Maxxam Analytics
Analysis 1D:  08-2486-3002 Endpoint: Growth Rate-mg/day CETIS Version: CETISv1.8.7
Analyzed: 06 Jul-15 11:55 Analysis: Parametric-Control vs Treatments Official Results: Yes
Growth Rate-mg/day Summary
Sample Code Count Mean 95% LCL 95% UCL Median  Min Max StdErr  CV% Y%Effect
Control 5 0.8001 0.6448 0.9553 0.812 0.5978 0.9375 0.05582 15.63% 0.0%
155ED11 5 0.6495 0.4956 0.8033 0.6257 0.5307 0.8472 0.05542 19.08% 18.82%
15SEDQ2 5 0.6888 0.6016 0.776 0.8532 0.6196 0.7764 0.03142  10.2% 13.81%
15SEDO3 5 0.7265 0.5684 0.8846 0.6801 0.6372 0.9515 0.05683 17.52% 9.2%
15SEDQ5 5 0.8872 0.438 0.9363 0.7329 0.4447 0.8751 0.08973 20.2% 14.11%
16SEDO8S 5 0.6053 0.4753 0.73582 0.634 0.4248 0.6962 0.04681 17.29% 24.35%
155EDO7 5 0.7227 0.4948 0.8507 0.8371 0.5243 0.9291 0.0821 25.4% 9.67%
15SEDO8 5 0.6634 0.5182 0.8076 0.6437 0.5289 0.7876 0.05192 17.5% 17.08%
Growth Rate-mg/day Detail
Sample Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5
Control 0.812 0.9375 0.5978 0.8023 0.8508
158ED11 0.6772 0.8472 0.6257 0.5307 0.5665
15SEDO2 0.6532 0.7764 0.6432 0.7515 0.6196
158EDO3 0.9515 0.6758 0.6879 0.6801 0.6372
158EDOS 0.4447 0.5116 0.8751 0.7329 0.8716
16SEDO6 0.6962 0.634 0.6478 0.4248 0.6238
158EDO7 0.9291 0.5243 0.8371 0.9073 0.6158
158EDO8 0.5795 0.5289 0.6437 0.7773 0.787¢
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CETIS Analytical Report Report Date: 08 Jul-15 11:58 {p 3 of 12)
Test Code: NA-11478-0115 | 18-5018-5460
Neanthes 20-d Survival and Growth Sediment Test Maxxam Analytics
Analysis ID:  15-2362-4004 Endpoint: Growth Rate-mg/day CETIS Version: CETISv1.8.7
Analyzed: 06 Jul-15 11:55 Analysis: Parametric-Control vs Treatmants Official Results: Yes
Batch ID: 04-3672-6765 Test Type: Survival-Growth Analyst:
Start Date: 10 Jun-15 11:58 Protocol: PSEP {1995) Diluent: Natural Seawater (Van. Aquarium}
Ending Date: 30 Jun-1512:00 Species: Neanthes arenaceodentata Brine: Not Applicable
Duration: 20d 0Oh Source:  Aquatic Toxicology Support Age:
Sample Code Sample ID Sample Date Receive Date  Sample Age  Client Name Project
155ED11 15-6240-9376 22 May-15 23 May-15 19d 12h Tetra Tech 2-11-15007
1538EDO2 12-8648-8243 21 May-15 22 May~15 20d 12h
183EDO3 18-5588-3709 21 May-15 22 May-15 20d 12h
158EDOB 10-5366-8000 21 May-15 22 May-15 20d 12h
16SEDQS 18-5992-8006 21 May-15 22 May-15 20d 12h
158EDQ7 09-4217-4404 21 May-15 22 May-15 20d 12h
155EDO8 21-3716-2085 21 May-15 22 May-15 20d 12h
Sample Code Material Type Sample Source Station Location Latitude Longitude
153EDM Marine/Estuarine Se Telra Tach 158ED11
158EDO2 Marine/Estuarine Se Tetra Tech 155ED02
158ED0O3 Marine/Estuarine Se Tetra Tech 165ED03
15SEDO5 Marine/Estuarine Se Tetra Tech 15SEDROS
16SEDO6 Marine/Estuarine Se Telra Tech 165ED06
158EDOY Marine/Estuarine Se Tetra Tech 15SEDOT
168EDO8 Marine/Estuarine Se Tetra Tech 185EDO8
Data Transform Zeta Alt Hyp - Trials Seed PMSD Test Result
Untransformed NA C>T NA NA 32.5%
Bunnett Multiple Comparison Test
Sample Code vs Sample Code Test Stat Critical MSD DF P-Value P-Type Decision{u:5%)
15SED11 158EDO2 -0.4479 2.407 0.211 8 0.9455 CDF Non-Significant Effact
15SEDO3 -0.8775  2.407 0.211 8 0.9824 CDF Non-Significant Effect
158ED0S -0.4296 2407 0.211 8 0.943 CDF Non-Significant Effect
16SEDOG 0.5033 2.407 0211 8 0.6789 CDF Non-Significant Effect
15SEDO7 -0.8344 2.407 0.211 8 0.8801 CDF Non-Significant Effect
168ED08 01588 2,407 0.211 8 0.8958 CDF Non-Significant Effect
ANQVA Table
Source Sum Squares Mean Square DF  Stat P-Value Decision(o:5%})
Between 0.05434481 0.008057435 8 0.47 0.82486 Non-Significant Effect
?I’I:Of 0.53856527 0.01926974 28
Total 0.5938073 34
Distributional Tests
Aftribute Test Test 8tat Critical P-Value Decision{o:1%)
Variances Bartlett =quality of Variance 5.072 16.81 0.5346 Equal Variances
Distribution Shapiro-Wilk W Normality 0.966 0.9148 0.3431 Normat Distribution
Growth Rate-mgfday Summary
Sample Code Count Mean 95% LCL 95% UCL Median  Min Max Std Err CV% %Effect
158ED11 5 0.6495 0.4958 0.8033 0.6257 0.5307 0.8472 0.08542 19.08% 0.0%
158EDD2 5 0.6888 0.8016 0.776 0.6532 0.6196 0.7764 0.03142 10.2% -6.05%
158SEDO3 5 0.7285 0.5684 0.8846 0.6801 0.6372 (1.9515 0.05693 17.52% -11.86%
155EDOS 5 0.6872 0.438 0.9363 0.7328 0.4447 0.8751 0.08973 20.2% -5.81%
16SEDOB 5 0.60563 0.4753 0.7352 0.634 0.4248 0.6962 0.04681 17.28% 6.8%
158EDOY 5 0.7227 0.4948 0.8507 0.6371 0.5243 0.92¢1 0.0821 25.4% -11.28%
153EDQ8S 5 0.6634 0.5182 0.8076 0.6437 0.5289 0.7876 0.05192 17.5% -2.15%
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CETIS Analytical Report

06 Jul-15 11:58 (p 4 of 12}
NA-11478-0115 | 19-5018-5460

Report Date:
Test Code:

Neanthes 20-d Survival and Growth Sediment Test

Maxxam Analytics

CETIS Version: CETISv1.8.7

Analysis ID:  15-2362-4004 Endpoint: Growth Rate-mg/day

Analyzed: 06 Jul-15 11:55 Analysis: Parametric-Control vs Treatments Official Results: Yes
Growth Rate-mg/day Detail

Sample Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5
158ED11 0.6772 0.8472 0.6257 0.5307 0.5665
158EDO2 0.6532 0.7784 0.6432 0.7515 0.6198
158ED03 0.9515 0.6758 0.6879 0.6801 0.8372
158EDO5 0.4447 0.5118 0.8751 0.7329 0.87186
165EDCE 0.69862 0.634 0.6478 0.4248 0.6238
158EDQO7 0.9291 0.5243 0.6371 0.9073 0.6158
158EDOS 0.5795 0.5289 0.6437 0.7773 0.7876
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CETIS Analytical Report

Report Date: 06 Jul-15 11:58 {p § of 12)

Test Code: NA-11478-0115 | 19-5018-5460

Neanthes 20-d Survival and Growth Sediment Test Maxxam Analytics
Analysis ID:  11-4025-3075 Endpeint: Mean Dry Weight-mg CETIS Version: CETISv1.8.7
Analyzed: 06 Jul-15 11:57 Analysis: Parametric-Control vs Treatments Official Results: Yes
Batch ID: 04-3672-6765 Test Type: Survival-Growth Analyst:
Start Date: 10 Jun-15 11:58 Protocol: PSEP (1995) Diluent:  Natural Seawater (Van. Aquarium)
Ending Date: 30 Jun-1512:00 Species: Neanthes arenaceodentata Brine: Not Applicable
Duration: 20d 0Oh Source: Agquatic Toxicology Support Age:
Sample Code Sample ID Sample Date  Receive Date Sample Age  Client Name Project
Control 07-3743-5224 10 Jun-15 10 Jun-15 12h Tetra Tech 2-11-15007
158ED 1 15-6240-9376 22 May-15 23 May-15 19d 12h
158ED02 12-8649-8243 21 May-15 22 May-15 20d 12h
158ED0O3 18-5588-3709 21 May-15 22 May-15 20d 12h
16SEDOS 10-5366-6000 21 May-15 22 May-15 20d 12h
16SEDOG 19-5992-9006 21 May-15 22 May-15 20d 12h
16SEDC7 09-4217-4404 21 May-15 22 May-15 20d 12h
15SED08 21-3716-2985 21 May-15 22 May-15 20d 12h
Sample Code Material Type Sample Source Station Location Latitude Longitude
Control Marine/Estuaring Se Tetra Tech Control
15SED11 Marine/Estuarine Se Tetra Tech 15SED11
15SEDO2 Marine/Estuarine Se Tetra Tech 185EDO2
15SEDO03 Marine/Estuarine Se Tetra Tech 15SED0O3
15SEDO5 Marine/Estuarine Se Tetra Tech 15SED0O5
16SED06 Marine/Estuarine Se Tetra Tech 16SED0B
15SEDO7 Marina/Estuarine Se Tetra Tech 16SEDO7Y
16SED(CS Marine/Estuarine Se Tetra Tech 16SED08
Data Transform Zeta Alt Hyp Trials Seed PMSD Test Result
Untransformed NA C>T NA NA 25.9%
Dunnett Multiple Comparison Test
Sample Code vs Sample Code Test Stat Critical MSD DF P-Value P-Type Decision(a:5%)
Control 15SED11 1.738 2.445 4243 8 0.1861 CDF Non-Significant Effect

15SED02 1.283 2.445 4243 8 0.3517 CDF Non-Significant Effect

15SEDO3 0.848 2.445 4,243 8 0.5510 CDF Non-Significant Effect

155EDOS 1.301 2.445 4243 8 0.3439 CDF Non-Significant Effect

16SEDOB 2.245 2.445 4243 8 0.0751 CDF Non-Significant Effect

158EDO7 0.8918 2.445 4243 8 05305 CDF Non-Significant Effect

15SEDO8 1.675 2.445 4243 & 02378 CDF Non-Significant Effect
ANOVA Table
Source Sum Squares Mean Square DF F Stat P-Value Decision(a:5%)
Between 47.97918 6.854169 7 0.9107 0.5108 Non-Significant Effect
Error ) 240.8376 7.526174 32
Total 288.8167 39
Distributional Tests
Attribute Test Test Stat  Critical P-Value Decision{o:1%)
Variances Bartlett Equality of Variance 5,145 18.48 0.6422 Equal Variances
Distribution Shapirg-Wilk W Normality 0.9739 0.9236 0.4728 Normal Distribution
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CETIS Analytical Report Report Date: 08 Jul-15 11:58 (p 6 of 12)

Test Code: NA-11478-G115 | 19-5018-5460 .
Neanthes 20-d Survival and Growth Sediment Test Maxxam Analytics '
Analysis ID;:  11-4025-3075 Endpoint: Mean Dry Weight-mg CETIS Version: CETISv1.8.7
Analyzed; 06 Jul-15 11:57 Analysis: Parametric-Control vs Treatments Official Results: Yes
Mean Dry Weight-mg Summary
Sample Code Count Mean 95% LCL 95% UCL Median Min Max StdErr CV% Y%Effect
Control 5 16.4 13.3 16.51 16.64 12.35 19.15 1.118 15.25% 0.0%
155ED11 5 13.39 10.31 16.47 12.91 11.01 17.34 1.108 18.51% 18.37%
158EDOQ2 5 14.18 12.43 15.92 13.46 12.79 15.93 0.6283 9.91% 13.57%
15SEDO3 5 14,93 11.77 18.09 14 13.14 19.43 1.138 17.06% 8.97%
15SED0S 5 14.14 9.161 19.13 15.06 9.294 179 1.795 28.37% 13.77%
165ED06 5 12.51 0.606 15.1 13.08 8.895 14.32 0.9382 16.74% 23.75%
15SEDO7 8 14.85 10.3 19.41 13.14 10.89 18.98 1.642 24.72%  9.43%
15SED08 5 13.87 10.78 16.55 13.27 10.08 16.15 1.038 16.99% 16.67%
Mean Dry Weight-mg Detail
Sample Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5
Control 16.64 19.15 12.35 16.45 17.42
153ED11 13.94 17.34 12.91 11.01 11.73
15SEDO2 13.46 15.93 13.26 15.43 12.79
155EDO3 10.43 13.92 14.16 14 13.14
18SEDOS 9.204 10.63 17.9 15.08 17.83
16SEDO6 14,32 13.08 13.36 8.895 12.87
18SEDO7 18.28 10.89 13.14 18.55 12.72
155ED08 11.29 10.98 13.27 15.95 16.15
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CETIS Analytical Report

06 Jul-15 11:58 (p 7 of 12)
NA-11478-0115 | 19-5018-5460

Report Date:
Test Code:

Neanthes 20-d Survival and Growth Sediment Test

Maxxam Analytics

Analysis ID:  15-4171-6572 Endpoint: Mean Dry Weight-mg CETIS Version: CETISv1.8.7
Analyzed: 06 Jul-15 11:57 Analysis: Parametric-Control vs Treatments Official Results: Yes
Batch ID: 04-3672-6765 Test Type: Survival-Growth Analyst:
Start Date: 10 Jun-15 11:58 Protocol: PSEP (1995) Diluent: Natural Seawater {Van. Aquarium)
Ending Date: 30 Jun-15 12:00 Species:  Neanthes arenaceodentata Brine: Not Applicable
Duration: 20d Oh Saurce: Aguatic Toxicology Support Age:
Sample Code Sample ID Sample Date Receive Date  Sample Age  Client Name Project
158ED11 15-6240-9376 22 May-15 23 May-15 19d 12h Tetra Tech 2-11-15007
16SEDOZ 12-8649-8243 21 May-15 22 May-15 20d 12h
15SEDO3 18-5588-3709 21 May-15 22 May-15 20d 12h
153EDOS 10-5366-6000 21 May-15 22 May-15 20d 12h
18SEDOS 19-5992-6008 21 May-15 22 May-15 20d 12h
158EDG7 00-4217-4404 21 May-15 22 May-15 20d 12h
15SEDO8 21-3716-2988 27 May-15 22 May-15 20d 12h
Sample Code Material Type Sample Source Station Location Latitude Longitude
15SED11 Marine/Estuarine Se Tetra Tech 15SED11
168EDO2 Marine/Estuarine Se Tetra Tech 158EDO02
18SEDO3 Marine/Estuarine Se Tetra Tech 158EDO3
158SEDOS Marine/Estuarine Se Tetra Tech 15SEDO5
16SEDOG Marine/Estuarine Se Tetra Tach 16SED0S
183EDO7 Marine/Estuarine Se Tetra Tech 15SEDOY
15SED08 Marine/Estuarine Se Tetra Tech 15SEDO8
Data Transform Zeta Alt Hyp Trials Seed PMSD Test Resuit
Untransformed NA C>T NA NA 31.6%
Dunnett Multiple Comparison Test
Sample Code vs Sample Code Test Stat  Critical MSD DF P-Value P-Type Decision(c:5%)
155ED11 15SEDOZ -0.4479  2.407 4227 8 0.9455 CDF Non-Significant Effect
155EDO3 -0.8775 2.407 4227 8 0.9824 CDF Non-Significant Effect
15SEDOS -0.4296 2.407 4227 8 0.9431 CODF Non-Significant Effect
163EDOS 0.5033 2.407 4227 § 0.6789 CDF Nan-Significant Effect
158EDO7 -0.8344 2,407 4227 8 0.9801 CDF Non-Significant Effect
158EDO8 -0.1588 2.407 4227 8 0.8958 CDF Non-Significant Effect
ANOQVA Table
Source Sum Squares Mean Square DF F Stat P-Value Decision{a:5%)
Betwesn 21.73785 3.622974 &6 0.47 0.8246 Non-Significant Effect
Error 215.8211 7.707895 28
Total 237.5589 34
Distributional Tests
Attribute Test Test Stat  Critical P-Value Decision{a:1%)
Varlances Bartlett Equality of Variance 5.072 16.81 0.5346 Equal Variances
Disfribution Shapirc-Witk W Normality 0.968 0.8146 0.3431 Normal Distribution
Mean Dry Weight-mg Summary
Sample Code Count Mean 95% LCL 95% UCL Median Min Max Std Err - CV% %Effect
158EDM 5 13.39 10.31 16.47 12.91 11.01 17.34 1.108 1851% 0.0%
1565EDO2 5 14.18 12.43 15.92 13.46 12.79 15.93 0.6283 9.91% -5.87%
15SEDO3 5 14.93 11.77 18.09 14 13.14 19.43 1.139 17.05% -11.51%
155EDO5 5 14.14 9.161 19.13 15.06 9,294 17.9 1.795 2837% -5.63%
16SEDOB 5 12.51 9.906 15.1 13.08 8.895 14.32 0.9382 16.74% 6.6%
153EDO7 5 14.85 10.3 19.41 13.14 10.89 18.98 1.642 24.72%  -10.94%
15SED08 5 13.67 10.78 16.65 13.27 10.98 16.15 1.038 16.89% -2.08%
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CETIS Analytical Report

Report Date: 06 Jul-15 11:58 {p 8 of 12}
Test Code: NA-11478-0115 | 19-5018-5460

Neanthes 20-d Survival and Growth Sediment Test

Maxxam Analytics

Analysis ID:  15-4171-6572 Endpoint: Mean Dry Weight-mg CETIS Version: CETISv1.8.7
Analyzed: 06 Jul-15 11:57 Analysis: Parametric-Control vs Treatments Official Results: Yes
Mean Dry Weight-mg Detail

Sample Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5

158ED11 13.94 17.34 12.91 11.01 11.73

158EDO2 13.48 15.83 13.26 15.43 12.79

155EDC3 19.43 13.92 14.16 14 13.14

158EDGS 9.204 10.83 17.9 15.06 17.83

16SEDCS 14.32 13.08 13.36 8.895 12.87

155EDCT 18.88 10.89 13.14 18.55 12.72

155EDGS 11.9¢ 10.28 13.27 15.95 16.15

Graphics

20—

Mean Dry Weight-myg

Refect Null

Centered
Untransformed
T

000-274-187-3

15SED11

153EDI

155ED03

155ED05

16SEDOS

158ED07

15SEDDS

2.5

CETIS™ v{.8.7.16

Rankits

B0 ﬁufjoé 0@%\,\\0



CETIS Analytical Report

06 Jul-15 11:58 (p 9 of 12)
NA-11478-0115 | 19-5018-5460

Report Date:
Test Code:

Neanthes 20-d Survival and Growth Sediment Test

Maxxam Analytics .

Analysis [D:  02-2877-5567 Endpoint: Total Dry Weight {mg) CETIS Version: CETISv1.8.7
Analyzed: 08 Jul-15 11:57 Analysis: Parametric-Control vs Treatments Official Results: Yes
Batch [D: 04-3672-6765 Test Type: Survival-Growth Analyst:
Start Date: 10 Jun-15 11:58 Protocol: PSEP (1995) Diluent: Natural Seawater (Van. Aquarium)
Ending Date: 30 Jun-15 12:00 Species: Neanthes arenaceodentata Brine: Not Applicable
Duration: 20d Oh Source:  Aguatic Toxicology Support Age:
Sample Code Sample ID Sample Date Receive Date  Sample Age  Client Name Project
15SED11 15-6240-9376 22 May-15 23 May-15 19d 12h Tetra Tech 2-11~15007
15SED{Z 12-8649-8243 21 May-15 22 May-15 20d 12h
15SEDO3 18-5588-3709 21 May-15 22 May-15 20d 12h
158EDGE 10-5366-6000 21 May-15 22 May-15 20d 12h
16SEDOS 19-5992-9006 21 May-15 22 May-15 20d 12h
155EDQ7 09-4217-4404 21 May-15 22 May-15 20d 12h
155ED08 21-3716-2985 21 May-15 22 May-15 20d 12h
Sample Code Material Type Sample Source Station Location Latitude L.ongitude
155ED 1 Marine/Estuarine Se Tetra Tech 168ED11
16SEDD2 Marine/Estuarine Se Tetra Tach 153ED0O2
15SEDO3 Marine/Estuarine Se Tetfra Tech 158ED03
15SED05 Marine/Estuarine Se Telra Tech 15SEDOS
16SEDO6 Marine/Estuarine Se Tetra Tech 16SED06B
188EDO7 Marine/Estuarine Se Tetra Tech 15SEDOY
185EDO8 Marine/Estuarine Se Tetra Tech 165ED08
Data Transform Zeta Alt Hyp Trials Seed PMSD Test Result
Untransformed NA C>T NA NA 32.1%
Dunnett Multiple Comparison Test
Sample Code vs Sample Code Test Stat Critical MSD DF P-Value P-Type Decision{c:5%)
15SED11 155EDO2 -0.4408  2.407 2148 8 0.9446 CDF Non-Significant Effect
165EL03 0.007623 2.4C7 2148 8 0.8557 CDF Non-Significant Effect
15SEDDOS -0.4228 2.407 21.48 8 0.9421 CDF Nonr-Significant Effect
16SED(6 0.988 2.407 21.48 8 0.4577 CDF Non-Significant Effect
185EDQ7 -0.8212 2.407 21.48 8 0.9794 CDF Non-Significant Effect
155EDO8 0.1125 2.407 2148 8 0.8246 CDF Non-Significant Effect
ANOVA Table
Source Sum Squares Mean Square DF F Stat P-Value Decision(a:5%)
Between 791.3901 131.8983 8 (.663 0.6799 Non-Significant Effect
Error 5570.722 168.9543 28
Total 6362.112 34
Distributional Tests
Attribute Test Test Stat Critical P-Value Decision(a:1%)
Variances Bartlett Equality of Variance 8.398 16.81 0.2104 Equal Variances
Distribution Shapiro-Wilk W Normality 0.2658 0.81486 0.3398 Normal Distribution
Total Dry Weight (mg) Summary
Sample Cede Count Mean 95% LCL 95% UCL Median  Min Max StdErr CV% %Effect
158ED11 5 66.95 51.56 82.33 64.57 55.07 86.72 5.542 18.51%  0.0%
158EDOZ 5 70.88 62.16 79.6 67.32 63.96 79.64 3.142 9.91% -5.87%
15SEDO3 5 66.88 60.44 73.32 69.58 58.29 70.79 2.318 7.75% 0.1%
158EDO5 5 70.72 45.8 95.63 75.29 46.47 89.51 8973 28.37% -5.83%
18SEDOS 5 58.13 40.16 76.1 64.36 35.58 71.62 6.473 24.9% 13.17%
15SEDO7 5 74.27 51.48 97.07 65.71 54.43 94.81 8.21 24,72%  -10.84%
155EDQ8 5 65.94 47.78 84.1 66.37 47.96 80.76 8.54 2218% 1.5%
e
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CETIS Analytical Report

06 Jul-15 11:58 (p 10 of 12)
NA-11478-0115 | 19-5018-5460

Report Date:
Test Code:

Neanthes 20-d Survival and Growth Sediment Test

Maxxam Analytics

CETIS Version: CETISv1.8.7

Anaiysis ID:  02-2877-5567 Endpoint: Total Dry Weight (mg)
Analyzed: 06 Jul-15 11:57 Analysis: Parametric-Control vs Treatments Official Results: Yes
Total Dry Weight {mg) Detail

Sample Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5
15SED11 69.72 86.72 64.57 53.07 58.65
15SEDO2 67.32 79.64 66.32 77.15 63.96
15SEDO3 58.29 69.58 70.79 70.01 65.72
15SEDQ5 46.47 53.16 89.51 75.29 89.16
163EDOS 71.62 52.32 66.76 35.58 64.36
15SEDO7 94.91 54.43 65.71 92.73 63.58
15SEDO8 47.96 54.89 66.37 79.73 80.76
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CETIS Analytical Report

06 Jul-15 11:58 {p 11 of 12)
NA-11478-0115 | 19-5018-5460

Report Date:
Test Code:

Neanthes 20-d Survival and Growth Sediment Test

Maxxam Analytics

Analysis ID:  05-1351-7822 Endpoint: Total Dry Weight (mg) CETIS Version: CETISv1.8.7

Analyzed: 06 Ju-15 11:57 Analysis: Parametric-Control vs Treatments Official Results: Yes

Batch ID: 04-3672-6765 Test Type: Survival-Growth Analyst:

Start Date: 10 Jun-15 11.58 Protocol: PSEP (1995) Diluent:  Natural Seawater (Van. Aguarium)

Ending Date; 30 Jun-15 12:00 Species: Neanthes arenaceodentata Brine: Not Applicable

Duration: 20d Oh Source:  Aquatic Toxicology Support Age:

Sample Code Sample D Sample Date Receive Date  Sample Age  Client Name Project

Control 07-3743-5224 10 Jun-15 10 Jun-15 12h Tetra Tech 2-11-15007

158ED11 15-6240-9376 22 May-15 23 May-15 19d 12h

155ED02 12-8649-8243 21 May-15 22 May-15 20d 12h

15SEDO3 18-5588-3709 21 May-15 22 May-15 20d 12h

15SEDO5 10-5366-6000 21 May-15 22 May-15 20d 12h

16SED06 19-5992-9006 21 May-15 22 May-15 20d 12h

158EDO7 09-4217-4404 21 May-15 22 May-15 20d 12h

158EDQ8 21-3716-2985 21 May-15 22 May-15 20d 12h

Sample Code Material Type Sample Source Station Location [atitude Longitude

Gontrol Marine/Estuarine Se Tetra Tech Confrol

188ED11 Marine/Estuarine Se Tetra Tach 165ED11

158EDG2 Marine/Estuarine Se Tefra Tech 158ED02

158EDQ3 Marine/Estuarineg Se Tetra Tech 158EDO3

15SEDO5 Marine/Estuarine Se Tetra Tech 15SEDOS

16SEDO8 Marinae/Estuarine Se Tetra Tech 16SED08

18SEDO7 Marine/Estuarine Se Tetra Tech 15SEDO7

155ED08 Marine/Estuarine Se Tetra Tech 16SED0O8

Data Transform Zeta Alt Hyp  Trials Seed PMSD Test Result

Untransformead NA C=>T NA NA 29.1%

Dunnett Muiltiple Comparison Test

Sample Code vs Sample Code Test Stat Critical MSD DF P-Value P-Type Decision{u:5%)}

Contral 188ED11 0.8725 2.445 2203 8 0.4924 CDF Mon-Significant Effect
15SED02 0.536 2,445 2203 8 0.8920 CDF Nen-Significant Effect
158ED0O3 0.9801 2.445 2203 8 0.4889 CDF Non-Significant Effect
16SED0OS 0.5538 2.445 2203 8 0.6844 CDF Non-Significant Effect
165ED06 1.951 2.445 2203 8 0.1299 CDF Non-Significant Effect
158EDO7 0.1592 2.445 2203 8 0.8308 CDF Non-Significant Effect
158EDO8 1.084 2.445 2203 8 0.4405 CDF Non-Significant Effect

ANOVA Table

Source Sum Squares Mean Square DF F Stat P-Value Decision(a:5%)

Betwsen 1073.153 153.3075 7 0.7558 0.6276 Non-Significant Effect

Error 6490.565 202.8302 32

Total 7563.718 39

Distributional Tests

Attribute Test Test Stat Critical P-Value Decision(t:1%)

Variances Bartlett Equality of Variance 8.444 18.48 0.2951 Equal Variances

Distribution Shapirc-Wilk W Normality 0.9882 0.9236 0.3158 Normal Distribution
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CETIS Ana|ytica] Report Report Date: 06 Jul-15 11:5¢ (p 12 of 12)
Test Code: NA-11478-0115 | 19-5018-5460

Neanthes 20-d Survival and Growth Sediment Test Maxxam Analytics
Analysis ID:  05-1351-7822 Endpoint: Total Dry Weight {mg) CETIS Version: CETiSv1.8.7

Analyzed: 08 Jul-15 11:57 Analysis: Parametric-Control vs Treatments Officlal Results: Yes

Total Dry Weight (mg) Summary

Sample Code Count Mean 95% LCL 95% UCL Median Min Max StdErr  CV% %Effect
Control 5 75.71 56.88 94.54 82.23 49.42 87.08 6.782 20.03% 0.0%
158ED11 5 66.95 51.56 82.33 84.57 55.07 86.72 5.542 18.51% 11.57%
168EDQ2 5 70.88 62.16 79.6 67.32 63.96 79.64 3.142 291%  6.38%
16SEDO3 5 £6.88 60.44 73.32 69.58 58.29 70.79 2.318 7.75% 11.66%
15SED05 5 70.72 45.8 95.63 756.29 46.47 82.51 8.973 28.37% 6.58%
18SEDC6G 5 58.13 40.16 76.1 64.36 35.58 71.82 6.473 24.9%  23.21%
158EDO7 5 74.27 51.48 97.07 65.71 54.43 94.91 8.21 24.72% 1.89%
158EDQ8 5 65.94 47.78 B4.1 66.37 47.96 80.76 6.54 22.18% 12.9%
Total Dry Weight (mg) Detail

Sample Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5

Control 83.2 76.8 49.42 82.23 87.08

15SED11 69.72 86.72 64.57 55.07 58.65

158EDO2 67.32 79.64 66.32 7715 63.96

158ED03 58.29 69.58 70.79 70.01 65.72

153ED05 46.47 53.16 89.51 75.29 89.16

16SEDQOS 71.82 52.32 86.78 35.58 64.36

155EDO7 94.91 54.43 85.71 92.73 63.58

16SEDO8 47.96 54.89 66.37 79.73 80.76
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CETIS Ana|yticai Report Repert Date: 08 Jul-15 11:59 (p 1 of 4)
Test Code: NA-11478-0115 | 19-5018-5460

Neanthes 20-d Survival and Growth Sediment Test Maxxam Analytics
Analysis ID:  01-3867-3823 Endpoint: Survival Rate CETIS Version: CETISv1.8.7

Analyzed: 06 Jul-15 11:53 Analysis: STP 2x2 Contingency Tables Official Results: Yes

Batch ID: 04-3672-6765 Test Type: Survival-Growth Analyst:

Start Date: 10 Jun-15 11:58 Protocol: PSEP (1995) Diluent:  Natural Ssawater {Van. Aguarium)
Ending Pate: 30 Jun-1512:00 Species:  Neanthes arenaceodentata Brine: Not Applicable

Duration: 20d ¢h Source:  Aquatic Toxicology Support Age:

Sample Code Sample ID Sample Date Receive Date  Sample Age  Client Name Project

Control 07-3743-5224 10 Jun-15 10 Jun-15 12h Tetra Tech 2-11-15007
158ED11 15-6240-9376 22 May-15 23 May-15 18d 12h

15SEDQ2 12-8649-8243 21 May-15 22 May-15 20d 12h

158ED03 18-5588-3709 21 May-15 22 May-15 20d 12h

158EDOS 10-5366-6000 21 May~15 22 May-15 20d 12h

16SEDO0B 19-5992-8006 21 May-15 22 May-15 20d 12h

155EDO7 09-4217-4404 21 May-15 22 May-15 20d 12h

15SEDO8 21-3716-2985 21 May-15 22 May-15 20d 12h

Sample Code Material Type Sample Source Station Location Latitude Lengitude
Control Marine/Estuarine Se Tetra Tech Cantrol

16SED11 Marine/Estuaring Se Tetra Tech 158ED11

158EDO2 Marine/Estuarine Se Tetra Tech 18SED0Q2

158EDO3 Marine/Estuarine Se Tetra Tech 15SEDO3

158ED05 Maring/Estuarine Se Tetra Tech 15SED0OS

16SEDOB Marine/Estuaring 3¢ Telra Tech 16SEDOS

15SEDQ7 Marine/Estuarine Se Tetra Tech 155EDO7

16SEDO8 Marine/Estuarine Se Tetra Tech 155EDC8S

Data Transform Zeta Alt Hyp Trials Seed Test Result

Untransfoermed C>T NA NA

Fisher Exact/Bonferroni-Holm Test

Sample vs Sample Test Stat P-Value P-Type Decision(a:5%)

Control 15SED1 1 1.0000 Exact Non-Significant Effect

Confrol 15SEDO2 1 1.0000 Exact Nen-Significant Effect

Control 158EDO3 0.6954 1.0000 Exact Non-Significant Effect

Control 15SEDOS 1 1.0000 Exact Nan-Significant Effect

Control 16SEDOG 0.6954 1.0000 Exact Non-Significant Effect

Control 158EDO7 1 1.0000 Exact Non-Significant Effect

Control 16SEDO8 1 1.0000 Exact Non-Significant Effect

Data Summary

Sample Code NR R NR+R PropNR PropR  %Effect

Contro! 23 2 25 0.92 0.08 0.0%

188ED 11 25 0 25 i 0 -8.7%

16SEDQ02 25 0 25 1 0 -8.7%

155EDO3 23 2 25 .92 0.08 0.0%

185EDO5 25 0 25 1 0 -8.7%

16SEDO6 23 2 25 0.92 0.08 0.0%

155EDDY 25 0 25 1 0 -8.7%

155EDQ8 24 1 25 0.96 0.04 -4.35%

000-274-187-3

CETIS™ v1.8.7.15

P59y QA

Analyst:@;_ QA ( H



CETIS Analytical Report Report Date: 06 Jul-15 11:59 (p 2 of 4)

Test Code: NA-11478-0115 | 18-5018-5480
Neanthes 20-d Survival and Growth Sediment Test Maxxam Analytics
Analysis ID:  01-3867-3823 Endpoint: Survival Rate CETIS Version: CETISv1.8.7
Analyzed: 08 Jul-1511:53 Analysis: STP 2x2 Contingency Tables Official Results: Yes
Survival Rate Detail
Sample Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5
Confrol 1 0.8 0.8 1 1
153ED11 1 1 1 1 1
15SEDO2 i 1 i i 1
158ED03 0.6 1 1 1 1
156SEDQ5 1 1 1 1 1
165EDOG 1 0.8 1 0.8 1
155EDQ7 1 1 1 1 1
15SED08 0.8 1 1 1 1
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CETIS Analytical Report

Report Date:
Test Code:

06 Jul-15 11:59 (p 3 of 4)
NA-11478-0115 | 19-5018-5460

Neanthes 20-d Survival and Growth Sediment Test

Maxxam Analytics

Analysis ID:  16-4366-3719 Endpoinf: Survival Rate CETIS Version: CETISv1.8.7
Analyzed; 08 Jul-15 11:53 Analysis: STP 2x2 Caontingency Tables Official Results: Yes

Batch ID: 04-3672-6765 Test Type: Survival-Growth Analyst:

Start Date: 10 Jun-15 11:58 Protocol: PSEP {1995} Diluent: Natural Seawater {Van. Aquarium)
Ending Date: 30 Jun-1512:00 Species:  Neanthes arenaceodentata Brine: Not Applicable
Duration: 20d Ch Source:  Aguatic Toxicology Support Age:

Sample Code Sample 1D Sample Date Receive Date  Sample Age Client Name Project
155ED11 15-8240-9376 22 May-15 23 May-15 19d 12h Tetra Tech 2-11-15007
15SEDO2 12-8649-8243 21 May-15 22 May-15 20d 12h

158ED03 18-5588-3709 21 May-15 22 May-15 20d 12h

15SEDQ5 10-5366-6000 21 May-15 22 May-15 20d 12h

16SED06 19-5992-9006 21 May-15 22 May-15 20d 12h

15SEDOY 00-4217-4404 21 May-15 22 May-15 20d 12h

153ED(8 21-3716-2985 21 May-15 22 May-15 20d 12h

Sample Code Material Type Sample Source Station Location Latitude Longitude
183ED11 Marine/Estuarine Se Tetra Tech 15SED{1

155EDO2 Marine/Estyarine Se Tefra Tech 158ED02

158EDO3 Marine/Estuaring Se Tetra Tech 18SEDO3

16SEDOS Marine/Estuarine Se Tetra Tech 15SEDQO5

16SEDOG Marine/Estuarine Se Tetra Tech 16SEDQJS

1568EDQO7 Marine/Estuarine Se Tetra Tech 155EDO7

15SEDO8 Marine/Estuarine Se Tetra Tech 16SED08

Data Transform Zeta Alt Hyp  Trials Seed Test Result
Untransformed C=T NA NA

Fisher Exact/Bonferroni-Holm Test

Sample vs Sample Test Stat P-Value P-Type Decision{u:5%])

155ED11 155ED02 1 1.0000 Exact Non-Significant Effect

18SEDT 15SEDO3 0.2449 1.0000 Exact Non-Significant Effect

15SED11 18SEDOS i 1.0000 Exact Nen-Significant Effect

15SED11 16SEDCS 0.244%9 1.0000 Exact Non-Significant Effect

156SED11 16SEDO7 1 1.0000 Exact Non-Significant Effect

158ED11 15SEDO8 0.5 1.0000 Exact Non-Significant Effect

Data Summary

Sample Code NR R NR+R Prop NR PropR  %Effect

158ED11 25 0 25 1 0 0.0%

155ED02 25 0 25 1 0 0.0%

15SEDO3 23 2 25 0.92 0.08 8.0%

18SED(S 25 0 25 1 0 0.0%

16SEDOG 23 2 25 0.92 0.08 8.0%

15SEDO7 25 0 25 1 G 0.0%

158EDO8 24 i 25 0.6 0.04 4.0%

Survival Rate Detail

Sample Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5

15SED11 1 1 1 1 1

153EDQ2 1 1 1 1 1

15SEDO3 .6 1 1 1 1

15SEDO5 1 1 1 1 1

165EDO6 1 0.8 1 0.8 1

165EDO7 1 1 1 1 1

168EDO8 0.8 1 1 1 1
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CETIS Analytical Report

06 Jul-15 11:59 (p 4 of 4
NA-11478-0115 | 18-5018-5480

Report Date:
Test Code:

Neanthes 20-d Survival and Growth Sediment Test

Maxxam Analytics

Analysis ID:  16-4366-3719 Endpoint: Survival Rate CETIS Version: CETISv1.8.7
Analyzed: 06 Jul-15 11:53 Analysis: STP 2x2 Contingency Tables Official Results: Yes
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Maxxam Analytics 20-d Neanthes arenaceodentata Survival and Growth Test
Summary of Survival

Client Name and #: 11478 Tetra Tech Start Date: 2015 Jun 10

Job #: B542517/B542802 End Date: 2015 Jun 30

Sample |D Sample # | Replicate |# Exposed| # Surviving | Survival (%) | Mean Survival (%)
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ECOTOXICOLOGY Neanthes Weights M axXam
BBY2FCD-00274/1
Page 1 of 1
Client # & Name: 11478 Tetra Tech Start Date and Time; 2015 Jun 10
Sample #/1D: Various End Date: 2015 Jun 30
lob # B542517/B542802 Weighing Dates; 2015 Jun 23, 2015 Jul 02
Balance ID; BBY2-0260 Stats File ID: NA-11478-0115
Analyst(s): T.Wollelo, M. G'Toole
Boat Sample Replicate # Boat Wt. | Boat & Worms | Wt. of Worms | Mean Wt/Worm | Mean Wt./Conc. SD
#f D Worms (&) Wt. (g) (mg) (mg) (mg)
1 Control A 5 1.1250 1.2082 83.2 16.6 16.4 2.5
2 B 4 1.1027 1.1793 76.6 19.2
3 C 4 1.0991 1.1485 49.4 124
4 D 5 1.0949 1.1771 82.2 16.4
5 E 5 1.1111 1.1982 87.1 17.4
6 15 SED 11 A 5 1.1076 1.1773 69.7 13.9 13.4 2.5
7 B 5 1.1003 1.1870 86.7 17.3
8 C 5 1.1060 1.1706 64.6 12.9
9 D 5 1.1041 1.1592 55.1 11.0
10 E 5 1.1122 1.1709 58.6 11.7
11 15 SED 02 A 5 1.1018 1.1691 67.3 13.5 14.2 1.4
12 B 5 1.1083 1.187% 79.6 15.9
13 C 5 1.1102 1.1765 66.3 13.3
14 D 5 1.1208 1.1980 77.2 15.4
15 E 5 1.1111 1.1751 64.0 12.8
16 15SED 03 A 3 11124 1.1707 58.3 194 14.9 2.5
17 B 5 1.09%2 1.1688 69.6 13.9
18 C 5 1,1052 1.1760 70.8 14.2
19 D 5 1.0931 1.1631 70.0 14.0
20 E 5 1.1016 1.1673 65.7 13.1
21 15 SED 05 A 5 1.1072 1.1537 46.5 9.3 14,1 4.0
22 B 5 1.1232 1.1764 53.2 10.6
23 C 5 1.1106 1.2001 89.5 17.9
24 D 5 1.1085 1.1838 75.3 15.1
25 E 5 1.1044 1.1936 89.2 17.8
26 15 SED 06 A 5 1.1085 1.1801 71.6 14.3 12.5 2.1
27 B 4 1.0911 1.1434 52.3 13.1
28 C 5 1.1014 1.1682 66.8 13.4
29 b 4 1.0996 1.1352 35.6 8.9
30 E 5 1.1080 1.1724 64.4 12,9
31 15 SED 07 A 5 1.0817 1.1766 94.9 19.0 14.9 3.7
32 B 5 1.0899 1,1443 54.4 10.9
33 C 5 1.0957 1.1614 65.7 13.1
34 D 5 1.0943 1.1870 92.7 18.5
35 E 5 1.0852 1.1488 63.6 12.7
36 15 SED 08 A 4 1.0919 1.1399 48.0 12.0 13.7 2.3
37 B 5 1.0876 1.1425 54.9 11.0
38 C 5 1.0867 1.1531 66.4 133
39 D 5 1.1129 1.1926 79.7 15.9
40 E 5 1.0885 1.1693 80.8 1e.2
41 QA/Qc QA/QC 0 1.0987 1.0989 0.18 - - -
42 QA/QC QA/QC 0 1.1187 1.1189 0.17 - - -
1 A 5 1.1250 1.2082 83.2 - - -
Analyst WMo




ECOTOXICOLOGY

20-d Neanthes arenaceodentata Survival and
Growth Test Mean Growth Rate

Client Name and #: 11478 Tetra Tech
Joh #: B542517/B542802
Analyst: T. Wollelo, M. O'Toole

Start Date: 2015 Jun 10
End Date: 2015 Jun 30

A% I )}g ;4& T

BBY2FCD-00273/1

Page 1 of 2

Imitial Weight| Ind. Dry Growth rate | Mean Growth
Sample ID Sample # | Replicate {mg) Weight (mg}| (mg/day) Rate (mg/day) SD
Control N/A A 0.4 16.6 0.81 0.80 0.12
B 0.4 19.2 0.94
C 0.4 124 0.60
D 0.4 16.5 0.80
E 0.4 17.4 0.85
15 SED 11 MH4920 A 0.4 13.5 0.68 0.65 0.12
B 0.4 17.3 0.85
C 0.4 12.9 0.63
D 0.4 11.0 0.53
E 0.4 11.7 0.57
15 SED 02 MH3566 A 0.4 13.5 0.65 0.69 0.07
B 0.4 15.9 0.78
C 0.4 13.3 0.64
D 0.4 15.4 0.75
E 0.4 12.8 0.62
15 SED 03 MH 3567 A 0.4 19.4 0.95 0.73 0.13
B 0.4 13.9 0.68
C 0.4 14.2 0.69
D 0.4 14.0 0.68
E 0.4 131 0.64
15 SED 05 MH 3570 A 0.4 9.3 0.44 0.69 0.20
B 0.4 10.6 0.51
C 0.4 17.9 0.88
D 0.4 15.1 0.73
E 0.4 17.8 0.87
15 SED 06 MH 3571 A 0.4 14.3 0.7¢ 0.61 0.10
B 0.4 13.1 0.63
C 0.4 13.4 0.65
D 0.4 8.9 0.43
E 0.4 12.9 0.62
15 SED 07 MH 3572 A 0.4 19.0 0.93 0.72 0.18
B 0.4 10.9 0.52
C 0.4 131 .64
D 0.4 18.6 0.91
E 0.4 12.7 0.62
15 SED 08 A 0.4 12.0 0.58 0.66 0.12
B 0.4 11.0 0.53
C 0.4 13.3 0.04
D 0.4 16.0 0.78
E 0.4 16.2 Q.79




ECOTOXICOLOGY e ;(j{ FAYT

20 DAY NEANTHES ARENACEODENTATA SURVIVAL AND GROWTH - Bla:,:::CD\—O?;TI’:

TEST CONDITION AND SURVIVAL

Client # & Name: MA3R Teda, Tech Start Date and Time: LOLS o0 o @IS
Client Project # 42\ \Son T End Date: 20/ 20
Maxxam Job #: “RSNASTF /BT SO Wt. at Start ofrigﬂ(g%f () 40wy Ivirm
Organism Lot #: N T\S 0‘000\ Statistics File: Nf{‘l‘" Lf?g’ f?i "/

Analyst(s): Towsoirelo {TDOMGUA TAThO (APE0VY CAany, Do S@w
M.O oo Milassnidz G

Sample ID: Contral , @\

Date D | a3 [ isgen 19 | 20N TuniBoishs A2, 5| 2008 Kund ¥ Doy 413

Day 0 Day 3 Day 6 Day 9 Day 12 Pay 15 Day 18 Day 20
Temp.t) | V4.5 | 199 | 19,9114 | V00 118 [N [ (9¥
po.mg/) | A% | by | 7.2 11~ | %3 RSN ER
ot 8o | Ay | 9% | 44 fowlay] 36 NS [F7
salinity (%) | 23 | 1% 28 28 | 1A 28 1™ |29
Analyst ¥ POk @f U\X/ Mt “‘%{/ ey T o
Replicate A B C D E Total Ammonia (N} mg/L
# Surviving Y s Lt 5l Vi Initial Final
Analyst TW T 72/ 'TZ,L/ Ta VETAVS L{: /

Sample ID: .Sed\W @] %Sample #£ YWNLS2AO0
B a B % ar, [pors 3| 100 Junid [fors o 1§ Taguadg 01 Juasy
Day 3 Day 6 Day 9 Day 12 Day 15 Day 18 Day 20

remp.c0) | (4.6 [ 44 | 4199[19> | WD | 44| \AN | 198
pomgy | 13| OB 43 [ 4.8 13 |35 N\ |45
pH g0 | Y | o | £ | BL AIHESNER:
Salinity {%e) 7, 728 =7 /g 2' g 7% 2’5 Sy 2.9
Analyst &9 AL € U’%;’ Ny el T/
Replicate A B C D E Total Ammonia {N) mg/L
# Surviving E) =y 5 % S Initial Final
Analyst O N e RAL S AJR 2% /0

Additional Comments: (&) Neoiibes ooy, ﬂﬂ up e Sides pf teskvessals {ntoy h[{? ot w&\'@{)
in aeosure vop (Yot in other rWS OROnYs G008 Yo e o@wed)—mt Zows Joa 13
& Wnix ot 0@t (e (sep awrminn form Sor 00W)- wot Zovs Jun 13

©we IS Bwg LB meIasSun 74




ECOTOXICOLOGY

20 DAY NEANTHES ARENACEODENTATA SURVIVAL AND GROWTH -

TEST CONDITIONS AND SURVIVAL

Sample ID: S o2

It

axare

BBY2FCD-00174/2
Page _1__ of

Maxxam #:  MH AS66

® 2 R
W05 avs |8 ag | PRI 0500 | gon s 5|1 SIR € ) i
Day 3 Day 6 Day 9 Day 12 Day 15 Day 18 Day 20
remp.i) | \OLY | 201 [49.9 194 |06 [19% VA L9 8
po.mg/t) | hA | (8 1.2 | 4¢3 12~ N0 W69
oH 2\ | %9 2y | 2.3 | 8> £ 1< [ 82
Salinity {%o) Z%/ ZE 7L 5/8 ?;ﬁ g 4 R v
Analyst VX AL @"( V\%g/ Py "‘2{ "> Ttk
Replicate A B C D E Total Ammonia {N) mg/L
# Surviving < 5 & £ 5 initial Final
Analyst @3 & “Ti/ cs oo VA !q
sampleID: Bed A Maxxam #: My A6+
Oy’
'Date Ve 25008 [P 1 [BersJom 1 105 [fars v 3 52018 Toen T 20y 30
Day 0 Day 3 Day 6 Day9 Day 12 Day 15 Day 18 Day 20
temp.ec) | MY | 200 | 49R 1. %7 | VA% | 196 \AN [ 2o o
pomg) | ¥t | LB [ 3.3 [ 41 [ Fd NN 9
pH 7\ G 1 %0 | £ | 8D g3 | I g2
Salinity (%o) 2% 2% 7% 7/8 75 25 29 1.4
Analyst Xk My Crf | W e | Ty
Replicate A B C D E Total Ammonia (N) mg/L
#surviving - | D 5 < = 3 Initial Final
Analyst es T/ E\J@«-) W Wit 7.0 / 3
Additional Comments: (&) W Wt 2018 Jun 24 e
Ry § ﬁ{;ﬁ‘ B 2 e
‘i\‘“\wﬂ/]ﬂ Q-g
%MHM ==
@W"’w Wiy Jun3o




ECOTOXICOLOGY

Sample ID:  SeAOS

Magggam

BBY2FCD-00174/2
20 DAY NEANTHES ARENACEODENTATA SURVIVAL AND GROWTH - Page .gl ofﬂ-'_

TEST CONDITIONS AND SURVIVAL

& Maxxam #: MR A 6O

ATy
o [ PS50 [R5 16, forsaon 19 [ 200 Tunii gor smp 4208 S Vo381

Day 0 Day3 Day 6 Day 9 Day 12 Day 15 Day 18 Day 20
remp.tec) | QA | 199 [ 19.5] 19SS [ a4 19-5 \a | /9%
D.0.{mg/t) | % Y0 | 4. |44 | 2AS 1.6 > | #+2
oH gl [ A9 | 41 [ 61 [ %2 | g} [\ |32
Salinity (%) | 2.9 7% 78 24 % 28 |56 Z.5
Analyst X [iie Of "“% By “‘%’ NC | T
Replicate A B C D - E Total Ammonia (N} mg/L
# Surviving :T) a2 5 § &) Initial Final
Analyst w0 Mﬁ &) ‘ @;} e DA% 6 2

sample ID: S\, Z’Z@ Maxxam #: W\ AT

'‘Date 105 e | P%uni3 |3, g [porsumtG] o%5 Sunsh) s Jun 25 ovs Sand) 201y Jum 33
;: e Day0O Day 3 Day 6 Day 9 Day 12 Day 15 Day 18 Day 20
Temp.e) | VG5 | 1R | 49% | 194 DL 9. 200} /93
potmg) | 20 | Lo® 77 | 44 @3RI 55 | N TS
pH o | G4 1o | 827 BREY L] LN [§3
Salinity (%) | ‘2T 1% 2% 28 wrd 28 | Re |29
Analyst &Y fy Cﬂ) V\%{/ My V‘%/ AR T w/
Replicate A B C D ) E Total Ammonia (N) mg/L
# Surviving S 4‘1& S u= 5 Initial Final
Analyst é{ 5 “/(’m/ fnd- o TM D%‘)ﬁ 0 ?gﬂ

Additional Comments:

See nove en aerohon Agia Sheer (BBY2FCD- 0017 —pri 206 Tun 13

(B W 2016 Jun 2L

MLLOIT Ju/ O3

e Wik 2005 Ton 24 e

M

A

03




ECOTOXICOLOGY

20 DAY NEANTHES ARENACEODENTATA SURVIVAL AND GROWTH -

TEST CONDITIONS AND SURVIVAL

Maﬂa&sm o

BBY2FCD-00174/2

Page L of

sample ID: Q€A ot Maxam #: M BT
® 2
el N TS wsgvs 19205 I0nE] | s qun 3 S2ES 05 Qolg uny
Day 0 Day 3 Day 6 Day9 ‘ Day 12 ' Day 15 bay 18 Day 20

rempe) | 0T | V9 | 493 [ 188 [ Gk | 186 [\ | (9F
po.mg | m% | A | 4.5 1% [ 33 3.5 | ™M | F2
oH g\ | 1R %4 | 43~ | 872 o 2.\ | 8]
Salinity (%o} ?/‘3 CE 24 M 2«(& 28 % 49
o | gk | oy | OU T W] e | v [ [T
Replicate A B C D . E Total Ammania {N) mg/L

# Surviving S =y ) < ‘fg tnitial Final
Analyst S, Np‘\ WY T\F‘{'}) Aj@\ 0494 0v 30

Sample ID: A eAGH . - Maxxam #: WAV ANST?
'Date ?13{;"?\\@ 20013 ?%}n ¢ B SJun g NS | LoiSgerd B 5] Lad ST Y 2018 fun3o
Day 0 Day 3 Day 6 Day 9 Day 12 Day 15 Day 18 Day 20

Temp. (2C) \C\\o 10.0 14 % J E‘ibﬁ i@mﬁﬂ B (ﬂ \cl X i9:¢
oo.me) | md | by | 4.4 110 @l 43 [N\ S
pH 2.9 1% | B4 23 %oty £ L (83
Salinity (%o) 2% ?,% ’2% ()/6 @m Q«% Z/g ?_r‘:] Z«C?
Analyst k[ Al UK MY Q| Tw
Replicate A B C D‘ E Total Ammania (N) mg/L

# Surviving E'\ ny L) &) ) Initial Final
Analyst KO }\Ms\ oo Wﬂ’ e 1&,{) ‘ f: 7

Additional Comments:

T

B WT Wt 2618 Tun 22

® %f.)"-t:’ md- TS JonZ2i

==y

S J o 23
LD
—
Mm’ —

[w)



ECOTOXICOLOGY
NEANTHES ARENACEODENTATA TEST — AERATION CHECKS

Maﬂam

BBY2FCD-00172/2
Page 1of1

Client # & Name: “h&ﬁ E'&Qs hﬁ:

Start Date & Time:

ZovsTsonko B USY

Initial when aeration is checked. If air is off record DO and note which replicate(s) in comments section.

Day -1 0 1 2 3 5 _ 6 7 8 9

Date %ﬂf 01 ?)g{\\?@ _;z;f\;\s‘;“ %ﬁ,}% 7%‘%? %‘mﬂe iﬁ Sﬁ;iS ';%31;26 gﬁ%”l %ﬁlsig ﬁﬁfﬂ
Early AM x e 28 A Qfﬁ) @ﬁ @?n ™o

Mid-day L W e | 28 ﬂﬁl&f U"& @ﬁ/ Cffe &V o -~ o
latePM|TW | 0O | 000 W?% ik @/‘{ e (% @"Lj K W
Day 10 11 12 13 14 15 16 17 18 19 Da;@;()
Date ‘%ﬁ"fj’;ﬁ %3:\5*1\ %ﬁn 25«352} :\:: iﬂ-% 33277«5 ﬁf&w %2 f %‘ﬁg *"ﬁi:{zﬁg / :54’;% 3w
Early AM *fwl N m V\»}( . T/ Wfpl/\{//v\)
Mid-day | &5 | ™YW Wﬁ' %;/ A TLJ ﬁi%_(
Late PM | Tul) AN®] mt ol A s ': ?
Comments:

A oA ﬁﬁw

atinted @ /038

2SS ?Slwx \O - AWl sedwrerd adpears 4o e \mm it

i

X

Co\

AN .

D\ e andine S 0ppeow ro Durcgued.

]

e \\WS e \-7000 Aoowe. sedinoent  Sog Qo\c‘i’

~ O

7ovs Tun 1%

|5 SEY 6l mneaSue ww Ny ofrahnd oy B eeY o)

check. Weasoed Do (ol Ay ‘%D angl %\Ld

gl hne _

F N 98%

2008 Jon i

- \numw aeromion rake ‘(‘\qum oy gl

Yok ofall Shmpled

dwe Ao

P‘ Obu PO Vé’&d \ﬂﬁ:% W d‘dkﬂﬂ

Dow.s 3 wier wm’gj M

M,... i
\%I‘< s A




ECOTOXICOLOGY A ’?9’/ _
% e Tl

Neanthes arenaceodentata 20 Day BRY2FGD-00277/1
Survival and Growth Test Feeding Record Page 1 of 1
Client # & Name: 11478 Tetra Tech Start Date & Time:  ZOASunio®@ ST
# of replicates: 48 Total Wt. Fish Flakes (g): 2,40
Volume of seawater (ml): 60.0
Day Date Analyst Conc'n of Feed {mg/mlL} | 1 mL Feed {v)
0 WOSTono | wk 40 e
2 90\S Jenel 2| &3 40 L—
4 201S Jun I M@ 40 -
6 B A 40 l/
8 ZD%Q.“\% AV 40 ~
10 NS e | S 2 L
12 2054 yn TV LKL 40 v/
14 por s Bunt 24 | w}( 10 v'
16 2015 3v Hy Y 40 v'
18 Wissnry| Cf 40 v

Add one vial of ground fish flakes to the volume of seawater Indicated above. Place slurry on stirplate and let spin for at least 5
minutes, Feed each replicate 1 mL of slurry.

Fomments: @%\%%@ls‘q_w lé
\
\\

At

L e
\




Ma?yam

ECOTOXICOLOGY BBY2FCD-00173/1

NEANTHES ARENACEDENTATA SEAWATER MEASURMENTS Page 1 of 1
Client # & Name: Mg&”{eﬁ\\ Test Initiation Date: 2OVSToNtD
Seawater Arrival Date: QQSQ IQDS Type of Seawater: S?ﬁm QK s
30% Water
Temperature D.O. pH Salinity Renewal
Date Day (°C) (mg/L) (%e) v ) Analyst
208 Jun( Day -1 18,2 €7 8. | 25 no
WEINe | payo | G5 go 2o | 2% | ¥x
10550m3 s | 194 | A% | %\ | 2% | Vet
2015Sunte] paye | 49§ To | R4 74 ot
#0154~ % | Day9 19:5 -0 8-\ 28 v 'Z(/
TrsTun22 bay2 | 9.2 A4 &\ 79 | vV Wt
JorsnyS | oyis | 145 gy~ 81 2% v y ol
IonSGpnte bavis | 1g9.6] RC L gA | 29 Vv A

Note: Seawater should be filtered, U.V. sterilized and aerated = 24 hours prior te use,

Comments:




Randomization Chart for Neanthes Test
Use the coloured dots to find appropriate concentrations

Pasition Map
Back Wall
6 12
5 11
4 10
3 9
2 8
1 7 gtc...
Front of Counter
Client # 11478 Date. 2015 Jun 10
Position# Treatment Replicate Colour Position # Treatment Replicate Colour
37  Control A Red 26 15sed 07 A Crange
48 B Red 19 B Crange
17 C Red 9 C Crange
24 . D Red 33 D Orange
42 E Red 38 E Qrange
18 Measure Red 35 Measure QOrange
44 15 sed 11 A Green 22 15sed (08 A Lt green
47 B Green 6 B Lt green
7 C Green 45 C Lt green
4 D Green 2 D Lt green
27 E Green 43 E Lt green
16 Measure  Green 14 Measure Lt green
1 15sed 02 A Yellow
11 B Yellow
29 C Yellow
31 D Yellow
10 E Yellow
48 Measure  Yellow
15 15sed 03 A Purple
25 B Purple
36 C Purple
8 D Purple
28 E Purple
23 Measure  Purple
32 15sed 05 A Lt biue
13 < B Lt blue
12 C Lt blue
39 D Lt blue
41 E Lt blue
30 Measure Lt blue
5 15sed 08 A Pink
21 B Pink
24 C Pink
20 D Pink
40 E Pink
3 Measure ‘Pink

N:/Biology/Bicassay/Forms/Amphipeds/Randomization Chart-neanthes xls



ECOTOXICOLOGY ORGANISMS - A = )ﬁggw

ACCLIMATION AND HOLDING CONDITIONS
BBY2FCD-00070/2

Page \ of i 1

Client#'s: FF | !Liv’}(g Date & Time of Arrival: ZOVS JUN 09 2 W20
Crganism Log‘#i m P{T \“_30‘&0@‘7@ Age upon Arrival: \S d\&\; 5
Water (L) per Shipping Bag: ' 250 ML Organism: __ N20NTheS Ci‘(ﬁ'@hd(;@ﬁaeﬁfwfﬂl
Number of Shipping Bags: i D #of Organisms Ordered: U(bO
Arrival Conditions
Cond
$/cm)
Sal%
|Bag D #Dead | % Dead M. (ppt)” | Temp (°C) | DO (mg/L) pH Feeding Analyst
§ O & 20 215 (.3 1.2 V4 Mt
fod 2 O o 3\ 1% o) 3.2 W/ pt
A 2 O O a6 7.9 n.% .2 W/ Y
o [ @ O [ 20 | 718 | 54 e VARRETY
Qf_k { 5 0 O 30 219 o\ 1.0 Y, Mt
g L O O 20 | 2\ | 58 3.z / M
g O O A0 21.9 S 7. Y. Yy
oon ) 2 G 5120 [ 2.8 [ 5% [ 27 [  |wm
¢, YA o) 5 30 | 220 | 5% | %2 ) i
\0 O O 20 22.0 5 EN v AL
Daily Conditions During Holding/Acclimation
Mortalities Water Quality
Cond
( Salmltb
Date # Dead % Dead {ppt) Temp (°C) | DO {mg/L) pH Feeding Analyst
1ossopid -4 | O © 30 | 4.8 | 1 1. ala (D we
@201 Jum0 - B o O nle | wle | ol nlon | wl1alD) e
2015 Twpid-C 0 o 20 | 20.0] loY "Ll n]a(e) wo
MM
w%
w, e
"~ A0 |2
e ol S O E
%% Ua d%
%R‘
~——
Total Mortalities

Comments (e.g. feeding times and quantities; fish behaviour, acclimation conditions): Analyst

WiSTun 09 - Nan Aqua Sw oaltn 2018 Jun 03 o8 yered 201S TJupog) W Wi~
Tenp ( =205 pi="1t4 B0 (mﬂl =7 lca Sty o= 7% Nt
- Piated neanthes in a\aﬁ-( ndm& Aud_ocumt WOL added airkaes M
— pocted ~ oo miBs of seawi\r dn eodn gav and Tod eadn o0
pan o SP0nYL of Yeicomin (250mon Rived, lot FF 20352 ) 11}

(320\-)3‘\)?\\0 Ueecy cothore. 0ond 4o ceeck andy

Pouvedd ok bpefore, m& W done .
S eATANES (mﬁc?ﬂvtd \“\eﬂu\k\f\u andd culture wolewr

\oxked boe g .3',‘).{‘:)?!’ as Qang B ot & C (Some
= Tiy (ﬁ B Vo ‘CS@M
@we tr 205 Jon o e 20\3% Fom© - Ted 4esiyessels befoe Seeding. mo




S .
Rec @ 7o 20
&

N

Aquatic Toxicology Support
1849 Charleston Beach Road West
Bremerton, Washington 98312
(360) 813-1202

Order Summary

Species: Neanthes arenaceodentata™ Emerge Date: QS, WL&L\, 757
e &,
Number Ordered: 400 Number Shipped: L/éo U+ /00/0
Date Shipped: % ,_3-« IS Salinity (ppt): 30 _
e

*Smith 1964. CSU Long Beach strain. Feed upon arrival.



ECOTOXICOLOGY

Client # & Name: 11478 Tetra Tech

Neanthes Weights

Start Date and Time

‘ ¢$
hA 3 ;g";,a ST
BBY2FCD-00274/1
Page1ofl

: 2015 jun 10 @ 11:58

Organism Lot: AT150609 End Date; 2015 Jun 30
Organism Age: 16 days Stats File 1ID: w/&
Weighing Dates: 2015 Jun 10, 2015 Jun 11 Avg weight (Day 0) (mg): 0.40
Job #/ Sample #: B542517 -+ B542802/ Various Balance ID: BBY2-0260
Analyst{s): M. O'Toole, D.Lai
Boat # Boat Weight Worms + Boat weight Total Worm weight Individual worm weight
# Worms (g) (8) (g) (mg)
9N 5 1.01100 1.01290 0.00180 0.38
10N 5 1.00844 1.01042 0.00158 0.40
11N 5 1.00365 1.00573 0.00208 0.42
Analyst MG DML
Comments:
-“"“'-.,_
=15 Ju g
"




Maﬂam

A Boreay Vertas Broup Company
o

Maxxam lob #: B548867

Maxxam Analytics (TOX Internal)
Report Date; 2015/06/17

Client Project #: 2-11-15007
Site Location: NEANTHES #11478
Sampler Initials: MOT

RESULTS OF CHEMICAL ANALYSES OF WATER

Maxgarn Analytics

niernational Corporation ofa Maxkam Analytics Burnaby: 1606 Canada Way V56 1KS TelephonelB0&] 734-7276 Fax(604] 731-2386

MK7948 MK7949 MK7950 MK75851
2015/06/10 2015/06/10 2015/06/10 2015/06/10
G094763 (094763 G094A763 (094763
155EDO7 NEA 15SED02 NEA 155EDO8 NEA 15SEDOG NEA RDL
% OVERLY OVERLY OVERLY OVERLY
Nutrients
Total Ammonia (N) | mg/Ll 0.99 1.4 1.3 0.87 0.0050
RDL = Reportable Detecticn Limit
MIK7952 MK7953 MK7954 MK7955
2015/06/10 2015/06/10 2015/06/10 2015/06/10
G034763 6094763 G094763 5094763
Units CTRL NEA 15SED03 NEA 15SEDDS NEA 15SED11 NEA RDL
OVERLY OVERLY OVERLY OVERLY
Nutrients
Total Ammonia (N} [ m/L | 0.026 2.0 .97 3.8 0.0050
RDL = Rapaortable Detection Limit
Page 2 0f 6



M a

LY !
A Buresu Veritas Group Company
-

Maxxam Joh #: B555337
Report Date: 2015/07/06

Sutass Through Sclencese

Maxxam Analytics {TOX Internal)
Client Project #: 2-11-15007 NEANTHES # 11478
Sampler Initials: TW

RESULTS OF CHEMICAL ANALYSES OF SEA WATER

Maxxarn Analytics Internationat Corporation o/a Maxxam Analytics Burnaby: 4606 Canada Way V5G 1KS Telephone(604) 734-7276 Fax{604) 731-2386

Maxxam (D MOA4529 MO4538 MO4531
Sampling Date 2015/06/30 2015/06/30 2015/06/30
COC Number G098571 G098571 G038571
Units 15 ZEVE::;WNEA RDL 15 S;I‘?Ig;i\\l,EAN RDL 15 SSI\)I:;I:’EAN RDL
Nutrients
Total Ammonia (N) | mg/L| 10 [0.10] 0.30 [ 0.0050| 5.2 0.050
REL = Reportable Detection Limit
Waxxam ID MQ4532 MQ4533 MQO4534
Sampling Date 2015/06/30 2015/06/30 2015/06/30
COC Number G038571 (098571 G098571
Units 15 SEDO6 NEA 15 SEDO3 NEA 15 SEDOZ NEA RDL
QVERLYING OVERLYING QVERLYING
Nutrients
Tatal Ammonia (N) | mg/L] 0.75 17 17 0.0050
RDL = Repoertable Detectlon Limit
Maxxam D MO4535 MO4536
Sampling Date 2015/06/30 2015/06/30
COC Number (098571 G098571
Units 15 SOE\?EORSLYNEA CONTROL OVERLYING | RDL
Nutrients
Total Ammania (N} | mg/Ll 6.3 5.1 0,050
RDL = Reportable Detection Limit
Page 2 of 6



City of Nanaimo DRA
Marine Sediment Toxicity Testing

APPENDIX

D 48 HOUR BIVALVE LARVAL DEVELOPMENT SEDIMENT TEST

Maxxam Analytics




CETIS Analyﬁcal Report Report Date: 08 Jul-15813:36 (p 1 of 8)
Test Code: MG-11478-0115 | 14-7319-1653

Bivalve Larval Survival and Development Test Maxxam Analytics
Analysis ID:  14-5322-7153 Endpoint: Combined Proportion Normal CETIS Version: CETISv1.8.7

Analyzed: 08 Jul-1513:28 Analysis: Parametric-Two Sample Official Results: Yes

Batch ID: 14-3688-3261 Test Type: Development-Survival Analyst:

Start Date: 10 Jun-15 13:45 Protocol: PSEP {1985) Diluent: Natural Seawater (Van. Aquarium)
Ending Date: 12 Jun-1521:16 Species:  Mytilus galloprovincialis Brine: Not Applicable

Duration: 56h Source: Marine Research and Educational Products Age:

Data Transform Zeta Alt Hyp Trials Seed PMSD Test Result

Angular (Corrected) NA C=>T NA NA 16.8%

Equal Variance t Two-Sample Test

Sample Code vs Sample Code Test Stat Critical MSD DF P-Yalue P-Type Decision{c:5%)

SW Control SED Control 4.262 1.86 0.125 8 0.0014 CDF Significant Effect

Auxiliary Tests

Attribute Test Test Stat Critical P-Value Decision{a:5%)

Extreme Value Grubbs Extreme Value 1.474 2,29 1.0000 No Outliers Detected

ANOVA Table

Source Sum Squares Mean Square DF F Stat P-Value Decision(a:5%)

Between 0.2064813 0.20684813 1 18.17 0.0028 Significant Effect

Error 0.09002174 0.01136522 8

Totai 0.2974031 9

Distributional Tests

Attribute Test Test Stat Crifical P-Value Decision{c:1%)

Variances Variance Ratio F 1.36 2315 0.7729 Equal Variances

Distribution Shapiro-Wilk W Nermality 0.9368 0.7411 0.5175 Normal Distribution

Combined Proportion Normal Summary

Sample Code Count Mean 95% LCL 95% UCL Median  Min Max StdErr CV% YaEffect
SW Control 5 0.701 0.5901 0.8119 0.6832 0.5743 0.8089 0.03993 12.74% 0.0%
SED Contro! 5 0.4248 0.286 0.5635 0.4109 0.2822 0.5594 0.04996 26.3% 39.41%
Angular (Corrected) Transformed Summary

Sample Code Count Mean 95% LCL 95% UCL Median Min Max Std Err CV% Y%Effect
SW Control 5 0.9956 0.8737 1.117 0.9729 0.8599 1.118 0.04389 9.86% 0.0%
SED Control 5 0.7082 0.5661 0.8503 0.6958 0.56 0.8449 0.05118 16.16% 28.87%
Combined Proportion Normal Detail

Sample Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5

SW Control 0.5743 0.6832 0.8069 0.6782 0.7624

SED Control 0.2822 0.5099 0.3614 0.4109 0.5594

Angular (Corrected) Transformed Detail

Sample Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5

SwW Control 0.8599 0.9729 1.116 0.9676 1.062

SED Control 0.56 0.7953 0.6449 0.6958 0.8449

000-274-187-3

CETIS™ v1.8.7.16

Analyst: ;’l{{ b
¥

@!fﬂ yoﬁ’ 0
G




CETIS Analytical Report

Report Date: 08 Jul-15 13:36 (p 2 of &)
Test Code: MG-11478-0115 | 14-7318-1653

Bivalve Larval Survival and Development Test

Maxxam Analytics

Analysis ID;  14-5322-7153 Endpoint: Combined Proportion Normal
Analyzed: 08 Jul-15 13:26 Analysis: Parametric-Two Sample

CETIS Version: CETISv1.8.7
Official Results: Yes
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CETIS Analytica! Report

Report Date: 08 Jul-1513:36 (p 3 of §)
Test Code: MG-11478-0115 | 14-7319-1653

Bivalve Larval Survival and Development Test

Maxxam Analytics

Analysis ID:  01-3853-0630 Endpoint: Proportion Normal CETIS Version: CETISv1.8.7

Analyzed: 08 Jul-15 13:26 Analysis: Parametric-Two Sample Official Results: Yes

Batch ID: 14-3686-3261 Test Type: Development-Survival Analyst:

Start Date: 10 Jun-15 13:45 Protocol: PSEP {1995) Diluent:  Natural Seawater {Van. Aquarium)
Ending Date: 12 Jun-1521:16 Species:  Mytilus galloprovincialis Brine: Not Applicable

Duration: 56h Source;  Marine Research and Educational Products Age:
Data Transform Zeta Alt Hyp  Trials Seed PMSD Test Result
Angular (Corrected) NA C>T NA NA 68.57%

Equal Variance t Two-Sample Test

Sample Code vs Sample Code Test S

tat Critical MSD DF P-Value P-Type Decision(c:5%)

SW Control SED Control 1.753

1.86 0.076 8 0.0588 CDF Non-Significant Effect

Auxiliary Tests

Attribute Test Test Stat Critical P-Value Decision{a:5%)

Extreme Value Grubbs Extreme Value 1.723 2.29 0.6358 No Qutliers Detected

ANOVA Table

Source Sum Squares Mean Square DF F Stat P-Value Decision{c:5%)
Between 0.01300021 0.01300021 1 3.074 0.11786 Non-Significant Effect
Error 0.03382896 0,00422862 8

Total 0.04682916 9

Distributional Tests

Attribute Test Test Stat Critical P-Value Decision{o:1%)

Variances Variance Ratio F 8.704 2315 0.0593 Equal Variances

Distribution Shapiro-Wilk W Normality 0.9602 0.7411 0.7884 Normal Distribution

Proportion Normal Summary

Sample Code Count Mean 95% LCL 95% UCL Median Min Max StdErr  CV% %Effect
SW Control 5 0.8599 0.8348 0.885 0.849 0.8406 0.8851 0.009048 2.35% 0.0%
SED Control 5 0.803 0.7196 0.8865 0.7757 0.7308 0.8828 0.03005 8.37% 6.61%
Angular (Corrected) Transformed Summary

Sample Code Count Mean 95% LCL 95% UCL Median  Min Max StdErr  CV% %Effect
SW Control b 1.188 1.151 1.225 1.172 1.16 1.225 0.0132 2.49% 0.0%
SED Control 5 1.1186 1.008 1.224 1.077 1.025 1.221 0.03805 7.81% 8.07%

Proportion Normal Detail

Sample Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5
SW Control 0.8406 0.8466 0.849 0.8782 0.8851
SED Control 0.7308 0.8655 0.7604 0.7757 0.8828

Angular (Corrected) Transformed Detail

Sample Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5
SW Conirol 1.16 1.168 1.172 1.214 1.225
SED Control 1.025 1.195 1.059 1.077 1.221

000-274-187-3
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CETIS Analytical Report

08 Jul-15 13:38 (p 4 of 6)
MG-11478-0115 | 14-7319-1653

Report Date:
Test Code:

Bivalve Larval Survival and Development Test

Maxxam Analytics

Analysis ID:  01-3853-0630 Endpeoint: Proportion Normal CETIS Version: CETIiSv1.8.7
Analyzed: 08 Jul-15 13:26 Analysis: Paramefric-Two Sample Official Results: Yes
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CETIS Analytlcal Report Report Date: 08 Jul-15 13:36 (p 5 of 6)
Test Code: MG-11478-0115 | 14-7319-1653
Bivalve Larval Survival and Development Test Maxxam Analytics
Analysis ID:  02-6615-1244 Endpoint: Survival Rate CETIS Version: CETISv1.8.7
Analyzed: 08 Jul-1513:26 Analysis: Parametric-Twoe Sample Official Results: Yes
Batch I1D: 14-3686-3261 Test Type: Development-Survival Analyst:
Start Date: 10 Jun-15 13:45 Protocol: PSEP (1995) Diluent: Natural Seawater (Van. Aquarium)
Ending Date: 12 Jun-15 21:16 Species: Mytilus galloprovinciaiis Brine: Not Applicable
Duration: 56h Source: Marine Research and Educational Products  Age:
Data Transform Zeta Alt Hyp Trials Seed PMSD Test Result
Angutar (Corrected) NA C>T NA NA 13.4%
Equal Variance t Two-Sample Test
Sample Code vs Sample Code Test Stat Critical MSD DF P-Value P-Type Decision(a:5%)
SW Control SED Ceontrol 4,342 1.88 0.142 8 0.0012 CDF Significant Effect
Auxiliary Tests
Attribute Test Test Stat Critical P-Value Decision(c:5%)
Extreme Value Grubbs Extreme Value 1.81¢ 2.29 0.4662 No Outliers Detected
ANOVA Table
Source Sum Squares Mean Square DF F Stat P-Value Decision{a:5%)}
Between 0.2741924 0.2741924 1 18.85 0.0025 Significant Effect
Error 0.11636 0.014545 8
Total 0.3805524 g
Distributional Tests
Attribute Test Test Stat Critical P-Value Decision{a:1%)}
Variances Variance Ratio F 2.032 23.15 0.5083 Equat Variances
Distribution Shapiro-Wilk W Normality 0.9832 0.7411 0.9800 Normal Distribution
Survival Rate Summary
Sample Code Count Mean 95% LCL 95% UCL Median Min Max StdErr  CV% %Effect
SW Control 5 0.8149 0.691 0.9387 0.8069 0.6832 0.9505 0.0446 12.24%  0.0%
SED Control 5 0.5228 0.4023 0.6433 0.5297 0.38861 0.8337 0.0434 18.56% 35.84%
Angular {Corrected) Transformed Summary
Sample Code Count Mean 95% LCL 95% UCL Median Min Max Std Err CV% %Effect
SW Control 5 1.14 0.96862 1.313 1.116 0.9729 1.348 0.06244 12.25% 0.0%
SED Control 5 0.8084 0.6868 0.93 0.8151 0.6705 0.9207 0.04381 12.12% 29.06%
Survival Rate Detail
Sample Code Rep1 Rep 2 Rep 3 Rep 4 Rep &
SW Control 0.6832 0.8082 0.9505 0.7723 0.8614
SED Control 0.3861 0.5891 0.4752 0.5297 0.8337
Angular {Corrected) Transformed Detail
Sample Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5
SW Control 0.8729 1.116 1.346 1.073 1.189
SED Control 0.6705 0.875 0.7606 0.8151 0.9207
0
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CETIS Analytical Report Report Date: 8 Jul-15 13:36 (p 6 of 6)
Test Code: MG-11478-0115 | 14-7319-1653

Bivalve Larval Survival and Development Test Maxxam Analytics

Analysis ID:  02-6615-1244 Endpoint: Survival Rate CETIS Version: CETISv1.8.7
Analyzed: 08 Jui-15 13:26 Analysis: Parametric-Two Sample Official Results: Yes
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CETIS Analytica| Report Report Date: 08 Jul-15 13:43 {p 1 of 4)
Test Code: MG-11478-0115 | 14-7319-1653

Bivalve Larval Survival and Development Test Maxxam Analytics
Analysis [D: 12-8664-6886 Endpoint: Proportion Normal CETIS Version: CETISv1.8.7
Analyzed: 08 Jul-15 13:27 Analysis: Parametric-Control vs Treatments Official Results: Yes
Batch ID: 14-3686-3261 Test Type: Development-Survival Analyst:
Start Date: 10 Jun-15 13:45 Protocol: PSEP (1995} Diluent: Natural Seawater (Van. Aquarium)
Ending Date: 12 Jun-15 21:16 Species:  Mytilus galloprovincialis Brine: Not Applicable
Duration: 56h Source:  Marine Research and Educaticnal Products  Age:
Data Transform Zeta Alt Hyp Trials Seed PMSD Test Result
Angular (Corrected) NA C>T NA NA 11.0%
Dunnett Multiple Comparison Test
Sample Code vs Sample Code Test Stat Critical MSD DF P-Value P-Type  Decision{o:5%)
SED Control 15SED11 £.1395 2.503 0.116 12 0.9017 CDF Non-Significant Effect

158EDO2 -1.444 2.503 0.108 13 0.9906 CDF Non-Significant Effact

158EDG3 -0.814 2.503 0.108 13 0.9951 CDF Non-Significant Effect

15SEDO5 0.885 2.503 0.108 13 0.6148 CDF Non-Significant Effect

16SED0S -1.467 2,503 0.108 13 0.9997 CDF Non-Significant Effact

15SEDO7 0.03025 2.503 0.108 13 0.9251 CDF Non-Significant Effect

158EDOD8 -0.9772  2.503 0.116 12 0.9974 CDF Non-Significant Effect
Auxiliary Tests
Aftribute Test Test Stat  Critical P-Value Decision{t:5%)
Extreme Value Grubbs Extreme Value 2.9 3.067 0.0990 No Qutliers Detected
ANOVA Table
Source Sum Squares Mean Square DF F Stat P-Value Decision{c:5%)
Between 0.04745454 0.006779221 7 1.102 0.3837 Non-Significant Effect
Error 0.2153838 0.006153823 35
Total 0.2628384 42
Distributional Tests
Attribute Test Test Stat Critical P-Value Decision{o:1%)
Variances Bartlett Equality of Variance 8.948 18.48 0.2564 Equal Variances
Distribution Shapiro-Wilk W Normality 0.96%1 0.9281 0.2952 Normal Distribution
Proportion Normal Summary
Sample Code Count Mean 95% LCL 95% UCL Median  Min Max Std Err CV% %Effect
SED Control 10 0.8315 0.7917 0.8712 0.8478 0.7308 0.8851 0.01757 6.68% 0.0%
158ED11 4 0.8255 0.7162 0.9348 0.8299 0.7375 0.9048 0.03433 8.32% 0.72%
15SED0O2 5 0.8759 0.8274 0.9245 0.8865 0.812 0.9174 0.01747  4.46% -5.35%
1565ED03 5 0.8584 0.8189 0.8979 0.8571 0.8148 0.9029 0.01424  3.711% -3.24%
168EDO5 5 0.7962 0.6518 0.9405 0.83¢6 0.6198 0.8978 0.05192 14.6% 4.24%
165EDOG 5 0.8767 0.8301 0.9232 0.8947 0.8295 0.9085 0.01677  4.28% -5.44%
15SEDO7 5 0.8302 0.7584 0.802 0.8231 0.7692 0.8902 0.02587 6.97% 0.15%
15SEDO8 4 0.866 0.8261 0.906 0.8704 0.8321 0.8913 0.01256 2.9% -4.16%
Angular {Corrected) Transformed Summary
Sample Code Count Mean 95% LCL 95% UCL Median Min Max StdErr CV% %Effect
SED Control 10 1.152 1.1 1.203 117 1.025 1.225 0.02281 6.26% 0.0%
158ED 11 4 1.145 (.9993 1.291 1.148 1.033 1.257 0.04589 8.01% 0.56%
16SED02 5 1.214 1.143 1.285 1.227 1.122 1.279 0.02568 4.73% -5.39%
158ED03 5 1.187 1.129 1.244 1.183 1.126 1.254 002072 3.91% -3.04%
15SEDOS 5 1.114 0.938 1.29 1.159 0.9061 1.245 0.0633 12.71%  3.3%
16SEDO6 5 1.215 1.145 1.285 1.24 1.145 1.2683 0.02517 4.63% -5.47%
188EDOY 5 1.151 1.053 1.248 1.137 1.07 1.233 0.03515  6.83% 0.11%
15SEDO8 4 1.197 1.139 1.256 1.203 1.149 1.235 0.0182 3.04% -3.94%
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Test Code: MG-11478-0115 | 14-7319-1653
Bivalve Larval Survival and Development Test Maxxam Analytics
Analysis ID:  12-8664-6886 Endpoint: Proportion Normal CETIS Version: CETISv1.8.7
Analyzed: 08 Jul-1513:27 Analysis: Parametric-Control vs Treatments Official Results: Yes
Proportion Normal Detail
Sample Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Rep & Rep 7 Rep 8 Rep 9 Rep 10
SED Control 0.8406 0.8466 0.849 0.8782 £.8851 0.7308 0.8655 0.7604 0.7757 0.8328
158ED11 0.8362 0.8235 0.9048 0.7375
158ED02 0.8897 0.8741 0.812 0.9174 0.8865
153EDO3 0.8148 0.8492 0.8571 0.8679 0.9029
153EDOS 0.8832 0.8396 0.7407 0.6196 0.8978
16SEDQ6 0.8947 0.9074 0.8295 0.9085 0.8433
158EDQ7 0.7692 0.7795 0.8889 0.8231 0.8902
15SEDO8& 0.8649 0.8913 0.876 0.8321
Angular (Corrected) Transformed Detail
Sample Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Rep 6 Rep 7 Rep 8 Rep 9 Rep 10
SED Control 1.16 1.168 1.172 1.214 1.225 1.025 1.195 1.059 1.077 1.221
158ED11 1.154 1.137 1.257 1.033
163EDO2 1.232 1.208 1.122 1.279 1.227
158EDQ3 1.126 1.172 1.183 1.199 1.254
155EDQB 1.222 1.159 1.037 0.90861 1.245
16SED0S 1.24 1.262 1.145 1.263 1.164
15SEDO7 1.07 1.082 1.231 1.137 1.233
15SEDO8 1.194 1.235 1.211 1.149
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CETIS Analytical Report

Report Date: 08 Jul-1513:43 (p 3 of 4)
Test Code: MG-11478-0115 | 14-7319-1653

Bivalve Larval Survival and Deveiopment Test

Maxxam Analytics

Analysis [D:  08-9095-4020 Endpoint: Proportion Normal CETIS Version: CETISv1.8.7

Analyzed: 08 Jul-15 13:42 Analysis: Parametric-Control vs Treatments Official Results: Yes

Batch ID: 14-3686-3261 Test Type: Development-Survival Analyst:

Start Date: 10 Jun-15 13:45 Protocol: PSEP (1995) Diluent: Natural Seawater (Van. Aquarium)

Ending Date: 12 Jun-15 21:16 Species:  Mytilus galloprovincialis Brine: Not Applicable

Duration: 56h Source:  Marine Research and Educational Products  Age:

Data Transform Zeta Alt Hyp  Trials Seed PMSD Test Result

Angular (Corrected) NA C>T NA NA 13.2%

Dunnett Multiple Comparison Test

Sample Code vs Sample Code Test Stat Critical MSD DF P-Value P-Type Decision{c:5%)

15SED11 15SEDQ2 -1.268 2.395 0120 7 09027 CDF Nen-Significant Effect
15SEDGC3 -0.7674  2.395 0.129 7 0.9704 CDF Non-Significant Effect
155EDO5 0.5842 2.395 0.129 7 0.6232 CDF Non-Significant Effect
16SED06 -1.287 2.395 0.129 7 0.9931 CDF Non-Significant Effect
155EDO7 -0.08578  2.395 0129 7 0.8664 CDF Non-Significant Effect
155ED08 -0.9103  2.385 0.138 6 0.9797 CDF Non-Significant Effect

Auxiliary Tests

Attribute Test Test Stat  Critical P-Value Decision{c:5%)

Extreme Value

Grubbs Extreme Value

2.861 2,952 0.0737 No Outliers Detected

ANOVA Table

Source Sum Squares Mean Square DF F Stat P-Value Decision{a:5%)}
Between 0.04339382 0.007232303 8 1.118 0.3805 Non-Significant Effect
Error 0.1685546 0.006482871 28

Total 0.2119485 32

Distributional Tests

Attribute Test Test Stat Critical P-Value Decision{c:1%)
Variances Bartlett Equality of Variance 8.733 16.81 0.1892 Equal Variances
Distribution Shapiro-Wilk W Normality 0.9723 0.9104 0.5456 Normal Distribution

Proportion Normal Summary

Sample Code Count Mean 95% LCL 85% UCL Median Min Max StdErr CV% %Effect
15SED11 4 0.8255 0.7162 0.9348 0.8289 0.7375 0.9048 0.03433  8.32% 0.0%
15SEDO02 5 0.8759 0.8274 0.9245 0.8865 0.812 09174 0.01747  4.468% -6.11%
18SEDO3 B 0.8584 0.8189 0.8979 0.8571 0.8148 0.9029 0.01424 3.711% -3.99%
15SEDOS 5 0.7962 0.6518 0.9405 0.8396 0.6198 0.8978 0.05199 1486%  3.55%
16SEDOG 5 0.8767 0.8301 0.9232 0.8947 0.8295 0.908% 0.01677 4.28% -6.2%
16SEDO7 5 0.8302 0.7584 0.802 0.8231 0.7692 0.8902 0.02587 6.97% -0.57%
15SED08 4 0.8686 0.8261 0806  0.8704 0.8321 0.8913 0.01256 2.9% -4.91%
Angular (Corrected) Transformed Summary

Sample Code Count Mean 95% LCL 95% UCL Median  Min Max StdErr CV% %Effect
158ED11 4 1.145 0.9993 1.291 1.146 1.033 1.257 0.04589 8.01% 0.0%
15SEDO02 5 1.214 1.143 1.285 1.227 1.122 1.279 0.02568 4.73%  -5.98%
158EDO3 5 1.187 1.129 1.244 1.183 1.126 1.254 0.02072 3.81%  -3.82%
155EDO5 5 1.114 0.938 1.29 1.159 0.2061 1.245 0.0633 12.71% 2.76%
16SEDDG 5 1.215 1.145 1.285 1.24 1.145 1.263 0.02517 4.683%  -6.07%
16SEDO7 5 1.151 1.053 1.248 1.137 1.07 1.233 0.03515 6.83% -0.45%
15SEDO8 4 1.197 1.139 1.255 1.203 1.149 1.235 0.0182 3.04%  -4.53%
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CETIS Analytical Report

06 Jul-15 13:44 (p 4 of 4)
MG-11478-0115 | 14-7319-1653

Report Date:
Test Code:

Bivalve Larval Survival and Development Test

Maxxam Analytics

Analysis ID:  08-9095-4020 Endpoint: Proportion Normal CETIS Version: CETISv1.8.7
Analyzed: 08 Jul-15 13:42 Analysis: Parametric-Control vs Treatments Official Results: Yes
Proportion Normal Detail
Sample Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5
15SED11 0.8362 0.8235 0.9048 0.7375
155ED02 0.8897 0.8741 0.812 0.9174 0.8865
158EDO3 0.8148 0.8492 £.8571 0.8679 0.9029
15SEDOS 0.8832 0.8396 0.7407 0.6196 0.8978
16SED0S 0.8947 0.9074 0.8295 0.8085 0.8433
155EDQ7 0.7692 0.7795 0.8889 0.8231 0.8902
18SED08 0.8649 0.8913 0.876 0.8321
Angular (Corrected) Transformed Detail
Sample Code Rep 1 Rep 2 Rep 3 Rep 4 Rep §
15SED11 1.154 1.137 1.257 1.033
15SEDQ2 1.232 1.208 1.122 1.279 1.227
15SEDQO3 1.126 1.172 1.183 1.189 1.254
15SED0O5 1.222 1.159 1.037 0.9081 1.245
16SEDO8S 1.24 1.262 1.145 1.283 1.164
18SEDO7 1.07 1.082 1.231 1.137 1.233
155ED0O8 1.194 1.235 1.211 1.14¢
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CETIS Analytical Report Report Date: 08 Jul-15 13:45 (p 1 of 4}
Test Code: MG-11478-0115 | 14-7319-1653
Bivalve Larval Survival and Development Test Maxxam Analytics
Analysis ID:  14-3988-1795 Endpoint: Survival Rate CETIS Version: CETISv1.8.7
Analyzed: 08 Jul-15 13:27 Analysis: Parameatric-Control vs Treatments Official Results: Yes
Batch ID: 14-3686-32681 Test Type: Development-Survival Analyst:
Start Date: 10 Jun-15 13:45 Protocol: PSEP (1995) Diluent:  Natural Seawater (Van. Aquarium)
Ending Date: 12 Jun-1521:16 Species:  Mytilus galloprovincialis Brine: Not Applicable
Duration: 56h Source:  Marine Research and Educational Products  Age:
Data Transform Zeta Alt Hyp Trials Seed PMSD Test Result
Angular (Corracted) NA C>T NA NA 25.7%
Dunnett Multiple Comparison Test
Sample Code vs Sample Code Test Stat Critical MSD DF P-Value P-Type Decision{c:5%)
SED Control 158EDNM 0.08811 2,48 0.135 7 0.8659 CDF Non-Significant Effect
155ED02 -2.858 2.48 0128 8 1.0000 CDF Non-Significant Effect
15SEDO3 -0.6519  2.48 0.128 8 0.97586 CDF Non-8ignificant Effect
18SEDOS -0.5012 2.46 0.128 8 0.9632 CDF Non-Significant Effect
16SEDOE -3.419 2.46 0.128 8 1.0000 CDF Non-Significant Effect
15SEDCT -3.679 2.48 0.128 8 1.0000 CDF Non-Significant Effect
155EDOS -2.858 2.46 0135 7 1.000% CDF Non-Significant Effect
Auxiliary Tests
Attribute Test Test Stat Critical P-Value Decision{a:5%)
Extreme Value Grubbs Extreme Value 2.014 3.014 1.0000 No QOutliers Detected
ANOVA Table
Source Sum Squares Mean Square DF F Stat P-Value Decision{du:5%)
Between 0.2352099 0.03360141 7 4,999 0.0008 Significant Effect
Error 0.2016499 0.006721663 30
Total 0.4358598 37
Distributional Tests
Attribute Test Test Stat Critical P-Value Decision{o:1%)
Variances Bartlett Equality of Variance 6.997 18.48 0.4291 Equal Variances
Distribution Shapiro-Wilk W Normality 0.9751 0.9202 0.5458 Normal Distributicn
Survival Rate Summary
Sample Code Count Mean 95% LCL 95% UCL Median Min Max StdErr  CV% %Effect
SED Control 5 0.5228 0.4023 0.6433 0.5297 0.38861 0.6337 0.0434 18.56% 0.0%
158ED11 4 0.5198 0.3802 0.6594 0.547 0.398 0.58% 0.04386 16.88% 0.57%
15SEDQ2 5 0.6673 0.674 0.7208 0.6733 0.592 0.7079 0.0192 6.43% -27.65%
158ED03 5 0.56564 0.4967 £.6161 0.5347 0.5099 0.6238 0.0215 8.64% -6.44%
158EDOS 5 0.5475 0.3897 0.7054 0.5248 0.401 0.6782 0.05685 23.22% -4.74%
165EDO6 5 0.6931 0.8121 0.774 0.6634 0.6386 0.802 0.02¢16  9.41% -32.58%
15SEDO7 5 0.705 0.8137 0.7962 0.7129 0.6287 0.8119 0.03286 10.42% -34.85%
15SED(O8 4 0.6757 0.6081 0.7434 0.6658 (.6386 0.7327 0.02124 6.20% -20.26%
Angular (Corrected) Transformed Summary
Sample Code Count Mean 95% LCL 95% UCL Median Min Max Std Err CV% %Effect
SED Control 5 0.8084 0.6868 0.93 0.8151 0.6705 0.8207 0.04381 12.12% 0.0%
158ED11 4 0.8052 0.6647 0.94586 0.8326 0.8807 0.875 0.04413  10.96% 0.4%
15SEDO2 5 0.9566 0.8005 1.013 0.8623 0.8851 0.9998 0.02021  4.72% -18.33%
15SEDO3 5 0.8422 0.7818 0.8025 0.8201 0.7953 0.9105 0.02174 B.77% -4.18%
158EDOS 5 0.8344 0.6737 0.995 0.8102 0.6857 0.9676 0.05786  15.51% -3.22%
16SEDOG 5 0.9857 0.8942 1.077 0.9518 0.925¢ 1.1 0.03293 7.47% -21.83%
158EDQT 5 0.9992 0.8966 1.102 1.005 0.9156 1.122 0.03696 8.27% -23.6%
158ED08 4 0.9656 0.8926 1.039 0.9546 0.9259 1.027 0.02295 4.75% ~19.45%
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CETIS Analytical Repor-t Report Date: 08 Jul-1513:45 (p 2 of 4)
Test Code: MG-11478-0115 | 14-7319-1653
Bivalve Larval Survival and Development Test Maxxam Analytics
Analysis ID:  14-3988-1795 Endpoint: Survival Rate CETIS Version: CETISv1.8.7
Analyzed: 08 Jul-15 13:27 Analysis: Paramstric-Control vs Treatments Official Results: Yes
Survival Rate Detail
Sample Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5
SED Control 0.2861 0.5891 0.4752 0.5297 0.8337
155ED11 0.5743 0.5891 0.5198 0.396
15SED02 £.6733 0.7079 0.6584 0.599 0.698
15SED03 0.5347 0.6238 0.5891 0.5248 0.509¢
155EDOS 0.6782 0.5248 0.401 0.4554 0.6782
16SED06 0.6584 0.802 0.6386 0.703 0.6634
15SEDO7 0.6436 0.6287 0.7129 0.7277 0.8119
16SED08 0.7327 0.6832 0.6386 0.6485
Angular {Corrected) Transformed Detail
Sample Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5
SED Control 0.6705 0.875 0.7608 0.8151 0.9207
155ED11 0.8599 0.875 0.8052 0.8807
158ED02 0.9623 0.9998 0.9466 0.8851 0.989
156SEDQO3 0.8201 0.9105 0.875 0.8102 0.7953
158ED05 0.9676 0.8102 0.6857 0.7408 0.9676
165ED06 0.9466 1.1 0.9259 0.2944 0.9518
165ED07 0.931 0.9158 1.005 1.022 1.122
15SEDO8 1.027 0.9729 0.8259 0.9362
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CETIS Analytical Report Report Date: 08 Jul-15 13:45 (p 3 of 4)
Test Code: MG-11478-0115 | 14-7319-1653

Bivalve Larval Survival and Development Test Maxxam Analytics
Analysis ID:  07-8884-0765 Endpoint: Survivai Rate CETIS Version: CETISv1.8.7
Analyzed: 08 Jul-15 13:28 Analysis: Parametric-Control vs Treatments Official Results: Yes
Batch ID: 14-3686-3261 Test Type: Davelopment-Survival Analyst:
Start Date: 10 Jun-15 13:45 Protocol: PSEP (1995) Diluent: Natural Seawater (Van. Aquarium}
Ending Date: 12 Jun-15 21:16 Species:  Mytilus galloprovincialis Brine: Not Applicable
Duration: 56h Source: Marine Research and Educaticnal Products  Age:
Data Transform Zeta Alt Hyp Trials Seed PMSD Test Result
Angular (Corrected) NA C>T NA NA 25.6%
Dunnett Multiple Comparison Test
Sample Code vs Sample Code Test Stat Critical MSD DF P-Value P-Type Decision{c:5%)
158ED11 15SEDC2 -2.847 2.395 0.127 7 1.0000 CDF Non-Significant Effect

15SEDQ3 -0.696 2,395 0.127 7 0.9645 CDF Non-Significant Effect

15SEDQ5 -0.549 2,395 0.127 7 0.9491 CDF Non-Significant Effect

16SEL06 -3.395 2.395 0127 7 1.0000 CDF Non-Significant Effact

155EDQ7 -3.649 2.385 0127 7 1.0000 CDF Non-Significant Effect

15SEDO8 -2.863 2.395 0.134 6 1.0000 CDF Non-Significant Effect
Auxiliary Tests
Attribute Test Test Stat  Critical P-Value Decision{a:5%)
Extreme Valug Grubbs Extreme Valua 2.081 2.952 1.0000 No Qutliers Detectad
ANQVA Table
Source Sum Squares Mean Square DF F Stat P-Value Decision{a:5%)
Baetween 0.1864764 0.03107939 6 4,949 0.0017 Significant Effect
Error 0.1632684 0.006279553 28
Total 0.3497447 32
Distributional Tests
Aftribute Test Test Stat Critical P-Value Decision{c:1%)
Variances Barllett Equality of Variance 6.667 16.81 0.3527 Equa! Variances
Distribution Shapiro-Wilk W Normality 0.9754 0.9104 0.6428 Norgmal Distribution
Survival Rate Summary
Sampie Code Count Mean 95% LCL 95% UCL Median Min Max StdErr  CV% %Effect
15SED11 4 0.5198 0.3802 0.6594 0.547 0.396 0.5891 0.04386 16.88% 0.0%
155EDO2 5 0.6673 0.614 0.7206 0.6733 0.599 0.7079 0.0192 6.43%  -28.38%
15SEDO03 5 0.5564 0.4967 0.6161 0.5347 0.5089 0.6238 0.0215 §.64%  -7.05%
155EDO5 5 0.5475 0.3897 0.7054 0.5248 0.401 0.56782 0.05685 23.22% -5.33%
16SED06 5 0.6931 0.6121 0.774 0.66234 0.6386 0.802 0.02916 9.41% -33.33%
158ED07 5 0.705 0.6137 0.7962 0.7129 0.6287 0.8119 0.03286  10.42% -35.82%
153ED(S 4 0.6757 0.6081 0.7434 0.6658 0.6386 0.7327 0.02124 6.29% -30.0%
Angular (Correct.ed) Transformed Summary
Sample Code Count Mean 95% LCL 95% UCL Median  Min Max StdErr CV% %Effect
155ED11 4 0.8052 0.6647 0.9456 0.8326 0.6807 0.875 0.04413  109868% 0.0%
15SEDO2 5 0.9566 0.9005 1.013 0.9623 0.8851 0.9988 0.02021 4.72%  -18.8%
155EDO3 5 0.8422 0.7818 0.0025 0.8201 0.7953 0.9105 0.02174 577%  -4.6%
158SED05 5 0.8344 0.6737 0.995 0.8102 0.6857 0.9676 0.05786 1551% -3.63%
165ED06 5 0.9857 0.8942 1.077 (.9518 0.9259 1.1 0.03293 7.47% «22.41%
158EDO7 5 0.9992 0.8966 1.102 1.005 0.9156 1.422 0.03696 8.27% -24.09%
15SEDO8 4 0.9656 0.8926 1.039 0.9548 0.9259 1.027 0.02295 A4.75% -19.92%
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CETIS Analytical Report

Report Date:
Test Code:

08 Jul-15 13:45 (p 4 of 4)
MG-11478-0115 | 14-7319-1653

Bivalve Larval Survival and Development Test

Maxxam Analytics

Analysis [D:  07-8884-0765 Endpoint: Survival Rate CETIS Version: CETISv1.8.7
Analyzed: 08 Jul-15 13:28 Analysis: Paramatric-Control vs Treatments Official Results: Yes
Survival Rate Detail
Sample Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5
15SED11 0.5743 0.5891 0.5198 0.398
158ED02 0.6733 0.7079 0.6584 0.599 0.698
15SEDO3 0.5347 0.6238 0.5891 0.5248 0.5099
158ED0O5 0.6782 0.5248 0.401 0.4554 0.8782
16SEDOB 0.6584 0.802 0.6386 0.703 0.6834
15SEDO7 0.6436 0.6287 0.7129 0.7277 0.8119
15SEDO8 0.7327 0.6832 0.6386 0.6485
Angular (Corrected) Transformed Detail
Sample Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5
158ED11 0.8589 0.875 0.8052 0.6807
15SED02 0.9623 0.9998 0.9466 0.8851 0.989
15SED03 0.8201 0.9105 0.875 0.8102 0.7953
158EDOS 0.9676 0.8102 0.6857 0.7408 0.9676
16SEDO6 0.9466 111 0.8259 0.8944 0.9518
158EDQ7 0.931 0.9156 1.005 1.022 1.122
15SED03 1.027 0.9729 0.9259 0.9362
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CETIS Analytical Report Report Date: 08 Jul-15 13:38 (p 1 of 4)

Test Code: MG-11478-0115 | 14-7319-1653

Bivalve Larval Survival and Development Test Maxxam Analytics
Analysis ID:  02-2342-5593 Enclpeint: Combined Proportion Normal CETIS Version: CETISv1.8.7
Analyzed: 08 Jul-15 13:28 Analysis: Parametric-Centrol vs Treatments Official Results: Yes
Batch ID: 14-3686-3261 Test Type: Development-Survival Analyst:
Start Date: 10 Jun-15 13:45 Protocol: PSEP (1885) Diluent:  Natural Seawater {Van. Aquarium)
Ending Date: 12 Jun-1521:16 Species:  Mytilus galloprovincialis Brine: Not Applicable
Duration: 56h Source:  Marine Research and Educational Products  Age:
Data Transform Zeta Alt Hyp  Trials Seed PMSD Test Result
Angular {Corrected) NA C=>T NA NA 35.3%
Dunnett Multiple Comparison Test
Sample Code vs Sample Code Test Stat Critical MSD DF P-Value P-Type Decision(c:5%)
SED Control 15SED11 -0.1177 246 0.157 7 0.9070 CDF Non-Significant Effect

188EDQ2 2.7 2,46 0.148 8 1.0000 CDF Nen-Significant Effect

15SED03 -0.9063 246 0148 8 0.0885 CDF Non-Significant Effect

15SEDQ5 -0.3384 246 0.148 8 0.9443 CDF Non-Significant Effect

165ED0G -3.14 2.46 0.148 8 1.0000 CDF Non-Significant Effect

158EDO7 -2.79 2,46 0.148 & 1.0000 CDF Non-Slgnificant Effect

188EDO8 -2.566 2.48 0157 7 1.0000 CDF Non-Significant Effect
Auxiliary Tests
Attribute Test Test Stat  Critical P-Vaiue Decision{u:5%)
Extreme Value Grubbs Extreme Value 1.973 3.014 1.0000 No Qutliers Detected
ANQVA Table
Source Sum Squares Mean Square DF F Stat P-Value Decision{c::5%)
Batween 0.2227135 0.03181621 7 3.637 0.00692 Significant Effect
Error 0.269895 0.008996502 30
Total 0.4926085 37
Distributional Tests
Attribute Test Test Stat  Critical P-value Decision{c:1%)
Variances Barttett Equality of Variance 12.24 18.48 0.0928 Equal Variances
Distribution Shapiro-Wilk W Normality 0.9731. 0.9202 0.4812 Normai Distribution
Combined Proportion Normal Summary
Sample Code Count Mean 95% LCL 95% UCL Median Min Max Std Err  CV% Y%Effect
SED Control 5 0.4248 0.286 0.5635 0.4109 0.2822 0.5594 0.04996 26.3% 0.0%
158ED1 4 0.4319 0.2832 0.5806 0.4752 0.2921 0.4851 0.04672 21.63% -1.69%
158ED02 5 0.5842 0.535 0.6333 0.599 0.5347 0.6188 0.01771 6.78% -37.53%
16SED03 5 04772 0.4291 0.5254 0.4604 0.4356 0.5297 0.01733  8.12% -12.35%
16SEDO5 5 0.4455 0.2502 0.6409 0.4406 0.2822 0.6089 0.07036 3531% -4.9%
16SEDOB 5 0.6089 0.5125 0.7053 0.581 0.6297 0.7277 0.03472  12.75% -43.36%
158SEDO7 5 0.5881 0.4662 0.7101 0.599 0.4901 0.7228 0.04393 167%  -38.46%
158EDQ8 4 0.5854 0.5163 0.6545 0.5842 0.5396 0.6337 0.02171  7.42%  -37.82%
Angular (Corrected) Transformed Summary
Sample Code Count Mean 95% LCL 95% UCL Median Min Max StdEmr CV% Y%Effect
SED Control 5 0.7082 0.5661 0.8503 0.6958 0.56 0.8449 0.05148 16.16% 0.0%
155ED11 4 0.7157 0.5618 0.8695 0.7606 0.571 0.7705 0.04834 13.51% -1.06%
15SED02 5 0.8702 0.8203 0.2 0.8851 0.8201 0.9054 0.01795 4.61% -22.87%
15SEDO3 5 0.7626 0.7144 0.8108 0.7458 0.7209 0.8151 0.01736  5.09% ~7.68%
15SEDQ5 5 0.7285 0.5285 0.9286 0.7259 0.56 0.8952 0.07205 22.12% -2.87%
16SEDGS 5 0.8965 0.7958 0.9973 0.875 0.8151 1.022 0.03627 9.05% -26.59%
153EDQO7 B 0.8756 0.7499 1.001 0.8851 0.7755 1.0186 0.04527 11.56% -23.64%
158ED08 4 0.8715 0.8012 0.9417 0.8701 0.825 0.9207 0,02207 5.07% -23.05%
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CETIS Analytical Report

08 Jul-15 13:38 (p 2 of 4)
MG-11478-0115 | 14-7319-1653

Report Date:
Test Code:

Bivalve Larval Survival and Development Test

Maxxam Analytics

Analysis ID:  02-2342-5593 Endpoint: Combined Propartion Normal CETIS Version: CETISv1.8.7
Analyzed: 08 Jul-1513:28 Analysls: Parametric-Control vs Treatments Official Results: Yes
Combined Proportion Normal Detail
Sample Code Rep 1 Rep 2 Rep 3 Rep 4 Rep §
SED Control 0.2822 0.5099 0.3614 0.4109 0.5594
158ED11 0.4802 0.4851 0.4703 0.2921
158EDG2 0.599 0.6188 0.6347 0.5495 0.6188
15SED03 0.4358 0.5297 0.505 0.4554 0.4604
158EDOS 0.599 0.4406 0.297 0.2822 0.6089
168SEDO8 0.5891 0.7277 0.5297 0.6386 0.5594
15SEDO7 0.495 0.4901 0.8337 0.588 0.7228
158EDO8 0.8337 0.608¢2 0.5504 0.5306
Angular {Corrected) Transformed Detail
Sample Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5
SED Control 0.56 0.7953 0.6449 0.6958 0.8449
155ED1T1 0.7656 0.7705 0.7557 0.571
158ED02 0.8851 0.9054 0.8201 0.835 0.9054
15SED03 0.7209 0.8151 0.7903 0.7408 0.7458
158ED0S 0.8851 0.7259 0.5764 0.56 0.8952
16SEDOB 0.875 1.022 0.8151 0.9259 0.8449
158EDOQ7 0.7804 0.7755 0.8207 0.8851 1.016
15SED08 0.8207 0.8952 0.8449 0.825
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CETIS Analytical Report

Report Date: 08 Jul-1513:38 (p 3 of 4)
Test Code: MG-11478-0115 | 14-7319-1653

Bivalve Larval Survival and Development Test

Maxxam Analytics

Analysis ID:  12-4517-8042 Endpoint: Combined Proportion Normal CETIS Version: CETISv1.8.7

Analyzed: 08 Jul-15 13:28 Analysis: Parametric-Control vs Treatments Cfficial Results: Yes

Batch ID: 14-3686-3261 Test Type: Development-Survival Analyst:

Start Date: 10 Jun-1513:45 Protocol: PSEP (1895) Diluent: Natural Seawater {Van. Aquarium}
Ending Date: 12 Jun-15 21:16 Species:  Mytllus galloprovincialis Brine: Not Applicable

Duration: 56h Source:  Marine Research and Educational Products  Age:
Data Transform Zeta Alt Hyp Trials Seed PMSD Test Result
Angular (Cerrected) NA C>T NA NA 34.5%

Dunnett Multiple Comparison Test

Sample Code vs Sample Code Test Stat Critical MSD DF P-Value P-Type Decision{u: 5%}

15SED11 15SEDO02 -2.518 2.395 0147 7 00999 CDF Non-Significant Effect
158EDO3 -0.7641  2.395 0.147 7 0.9701 CDF Non-Significant Effect
158EDO5 -0.2088  2.395 0.147 7 0.8928 CDF Non-Significant Effect
168EDO6 -2.948 2.395 0.147 7 1.0000 CDF Nen-Significant Effect
15SEDQ7 -2.506 2.395 0147 7 0.9089 CDF Non-Significant Effect
15SEDO8 -2.409 2.395 0158 6 0.9998 CDF Non-Significant Effect

Aucxiliary Tests

Attribute Test Test Stat Critical P-Value Decision{u:5%)

Extreme Value Grubbs Extreme Value 2.044 2.952 1.0000 No Outliers Detected

ANOVA Table

Source Sum Squares Mean Square DF F Stat P-Value Decision{a:5%)

Between 0.1897418 0.0282903 6 3.382 0.0134 Significant Effect

Error 0.2174979 0.008365305 28

Total 0.3872397 32

Distributional Tests

Attribute Test Test Stat Critical P-Value Decision(c:1%)})
Variances Bartlett Equality of Variance 11.86 16.81 0.0651 Equal Variances
Distribution Shapira-Wilk W Normality 0.9682 0.9104 0.4327 MNormal Distribution

Combined Proportion Normal Summary

95% LCL 95% UCL Median Min Max Std Err CV% % Effect

Sample Code Count Mean

18SED11 4 0.4318
15SEDO02 5 0.5842
15SEDO3 5 04772
158SEDOS 5 0.4455
163EDO6 5 0.6089
158EDQ7 5 0.5881
15SED08 4 0.5854

0.2832 0.6808 0.4752 0.2821 0.4851 0.04672 21.83% 0.0%
0.635 0.6333 0.589 0.5347 0.6188 0.01771  6.78% -36.24%
0.4291 0.5254 0.4604 0.4356 0.5297 001733  812% -10.49%
0.2502 0.6409 0.4406 0.2822 0.6089 0.07036 35.31% -3.15%
0.6125 0.7063 0.5891 0.6287 0.7277 0.03472  12.75% -40.97%
0.4662 0.7101 0.599 0.4901 0.7228 004393 18.7% -36.16%
0.5163 0.6545 0.5842 0.5396 0.6337 0.02171 7.42% -356.563%

Angular (Corrected) Transformed Summary

Sample Code Count Mean 95% LCL 95% UCL Median Min Max StdEmr  CV% %Effect
155ED11 4 0.7157 0.5618 0.8695 0.7606 0.571 0.7705 0.04834 13.51% 0.0%
16SEDO2 5 0.8702 0.8203 0.92 0.8851 0.8201 0.0054 0.01795  4.61% -21.58%
15SEDO3 5 0.7626 0.7144 0.8108 0.7458 0.7209 0.8151 0.01736  5.09% -8.55%
16SED05 5 0.7285 0.5285 0.9286 0.7259 0.56 0.8952 0.07205 2212% -1.79%
16SEDO6 5 0.8965 0.7958 0.9973 0.87% 0.8151 1.022 0.035627 9.06% «25.27%
155EDO7 5 0.8756 0.7499 1.001 0.8851 0.7755 1.016 0.04527 11.56% -22.34%
16SEDOS 4 0.8715 0.8012 0.9417 0.8701 0.825 0.8207 0.02207 5.07%  -21.77%

000-274-187-3

st/fvﬁj ! i%\d 0
QA

CETIS™ v1.8.7.16 Analysty/f <



CETIS Analytical Report

Report Date:
Test Code:

08 Jui-15 13:38 (p 4 of 4)
MG-11478-0115 | 14-7319-1653

Bivalve Larval Survival and Development Test

Maxxam Anaiytics

Analysis ID:  12-4517-8042 Endpoint: Combined Proportion Normal CETIS Version: CETISv1.8.7
Analyzed: 08 Jul-15 13:28 Analysis: Parametric-Control vs Treatments Officiai Results: Yes
Combined Proportion Noermal Detail

Sample Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5
158ED11 0.4802 0.4851 0.4703 0.2821

15SED02 0.599 0.6188 0.5347 0.5495 0.6188
15SEDO3 0.4356 0.5297 0.505 0.4554 0.4604
158EDO5 0.589 0.4406 0.297 0.2822 0.6089
163EDOB 0.5891 0.7277 0.5297 0.6386 0.5594
153EDO7 0.495 0.4801 0.6337 0.599 0.7228
155ED0O8 0.8337 0.6088 0.5594 0.5396

Angular (Corrected) Transformed Detail

Sample Code Rep 1 Rep 2 Rep 3 Rep 4 Rep §
15SED11 0.7656 0.7705 0.7557 0.571

158EDO2 0.8851 0.9054 0.8201 0.835 0.9054
15SEDO3 0.7209 0.8151 0.7903 0.7408 0.7458
155EDO5 0.8851 0.7259 0.5764 0.56 0.8952
16SED0G 0.875 1.022 0.8151 0.9259 0.8448
15SEDO7 0.7804 0.7755 0.9207 0.8851 1.016
15SEDO8 0.9207 0.8952 0.8449 0.825
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Maxxam Bivalve Embryo-Larval Test
Embryo Microscopic Examination

Species: Mytilus galioprovincialis

1of2

Client: 11478 Tetra Tech Start Date and Time: 2015 Jun 10 & 13:45 Date Counted: 2015 Jun 13 to Jun 25
Sample ID: Varicus End Date and Time: 2015 Jun 12 @ 21:16 Organism Lot #: MR150609
lob# f Sample #: B542517, B542802/Various Analyst{s): M. Thompson, M. O'Taole, N. Blassnitz
Sample Replicate | Mormal | Abnormal Final Normal | Average 5D # Initial Survival Average 5D Proportion Combined Averaga 5D
[[3] [#) (#} Number {%) (%) (%) Embryos {%) {%) {9) Normal/Alive {%) {%) (%)
Control A 116 22 138 84.06 85.99 2.02 202 68.32 81.49 9.97 0.57 57.43 70.10 2.93
B 138 25 163 84.66 20 80.69 0.68 £8.32
C 163 29 192 84.90 202 95.05 0.81 20.69
D 137 19 156 87.82 202 7723 0.68 67.82
E 154 20 174 88.51 202 B6.14 0.76 76.24
Sediment A 57 21 78 73.08 80.30 6.72 202 38.61 52.28 8.70 0.28 28.22 42,48 11.%7
Conirol B 103 16 115 86.55 202 58.91 0.51 50.99
C 73 23 96 76,04 202 47.52 0.36 36.14
D 23 24 107 77.57 202 52.97 0.41 41.09
E 113 15 128 83.28 202 63.37 0.56 55.94
155ED11 A¥ 21 34 55 38.18 82.55 0.87 202 27.23 51.98 8.77 0.10 10.40 43.19 9.34
B 97 19 116 83.62 202 57.43 0.43 418.02
C 98 21 119 82.35 202 58.91 0.49 48.51
D 95 10 105 S0.48 202 51.98 0.47 47.03
E 59 21 80 73.75 202 39.60 0.29 29.21
155ED02 A 121 15 136 88.97 87.59 3.91 202 67.33 66.73 4.29 0.60 59.90 58.42 3.96
B 125 18 143 87.41 202 70.79 0.62 61.88
C 108 25 133 81.20 202 65.84 0.53 53.47
D 111 10 121 S1.74 202 59.90 0.55 54.95
E 125 16 141 88.65 202 69.80 0.62 61.88
155EDQO3 A 88 20 108 81.48 85.84 3.19 202 53.47 55.64 4.81 0.44 43.56 47.72 3.88
B 107 19 126 84.92 202 62,38 0.53 52.97
C 102 17 119 85.71 202 58.91 0.50 50.50
D 92 14 106 86.79 202 52.48 0.46 45.54
E 93 10 103 90.29 202 50.99 0.46 46.04
155EDO5 A 121 16 137 88.32 79.62 11.63 202 67.82 54.75 12.71 c.en 59.90 44.55 15.73
B 29 17 106 83.96 202 52.48 0.44 44.06
C 60 21 g1 74.07 202 40.10 0.30 29.70
D 57 35 XS 61.96 202 45.54 0.28 28.22
E 123 14 137 89.78 202 67.82 0.61 60.89
155ED06 A 112 14 133 89.47 87.67 3.75 202 65.84 £69.31 6.52 0.59 58.51 60.89 7.76
B 147 15 162 80.74 202 80.20 0.73 72.37
C 107 22 129 82.95 203 53.86 0.53 52.57
[y 129 13 142 90.85 202 70.30 0.64 63.86
E 113 21 i34 84.33 202 656.34 0.56 55.94




Maxxam Bivalve Embryo-Larval Test 20f2
Embryo Microscopic Examination

Species: Mytilus golloprovincialis

Client: 11478 Tetra Tech Start Date and Time: 2015 Jun 10 @ 13:45 Date Counted: 2015 Jun 13 to Jun 25
Samgle ID: Various End Date and Time: 2015 lun 12 @ 21:16 Crganism Lot #: MR150609
Job# f Sample #: B542517, B542802/Various Analyst(s): M. Thompson, M. O'Toole, N. Blassnitz
Sample Replicate | Normal | Abnormal Final Normal | Average sD # Initial Survival Average SD Proportion Combined | Average sD
1D {#) {#) Number %) [%) {3) Embryos (%) (%) [%) Normal/Alive (%) (%) {%)
1558EBO7 A 100 30 1230 76.92 83.02 5.78 202 64.36 70.50 7.35 Q.50 49.50 58.81 9.82
B L] 28 127 77.95 202 62.87 Q.49 49.01
C 128 16 144 £8.89 202 71.29 0.63 63.37
D 121 26 147 82.31 202 72,77 .60 59.90
E 146 18 164 89.02 202 81.19 0.72 72.28
15SERO8 A 128 20 148 86.49 86.60 2.51 202 73.27 67.57 4,25 0.63 63.37 58.54 434
B 123 15 138 89.13 202 68.32 0.61 60.88
C 113 16 129 87.60 202 63,85 0.56 55.94
D 109 22 131 83.21 202 64.85 0.54 53.96
E* 32 55 87 36.78 202 43.07 0.16 15.84
Analyst s MT/MO MT/MO s e e e MT/MO T L e e
*Replicate excluded from statistical analysis.
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ECOTOXICOLOGY BBY2FCD-00087/1
i
BIVALVE LARVAL DEVELOPMENT SEDIMENT TEST — TEST COUNTS Page | of >

species,_IM\. %Q\\opr@m\r\c:u\{%

Client # and Name: VAR “Te b Ve Test Method/Duration: PSEP ﬁ“’l‘i‘fﬂ})ﬁ/ 55 5hous
rest started:_201S JUQ {0 & BYS Testbnded: _L01S TOMZ %m Zl: Yo
Organism Lot #: PARNS OGO Ave. # of embryos/test vessel:_ 207

Analystisy:_ ). /‘ﬂOﬂWD&W’\ A O loo\e,

Test Contraols Date Counted:_Z0tSJu0% |
201530 77268 In23
Seawater Control | Normal W'\O Y ab A \"t’)w
Abnormal s AN 724 20
Sediment Control | Normal 54 105 13 \ \%
Abnormal A i\ 73 \ S
Analyst A i WH’ 110) o o

semple #:_AVRAD O /B SHIBON
Sample Date: 2O Ma% AW Date Counted:_ZOLGIWN 23

‘ . I\.J(.j.rm.a!... fi 2‘ : qj g 0\5 501 ,
ISSED W Abnormal 24 19 24 {0 24
Analyst ™0 o O MO O

() wie M Z0S Jun 12 B I
C Comﬁ@d wope A2 0S well: 133 NOGYTL /75 donortnal
o TorS T3 (senwoier LO‘““D‘)

&Ewﬂ\ LSvor math /

O olenar el ¢ oontedh v‘m\ 2 K205 w2 (‘S& l‘g“i\iﬁﬂx’ Ly fb\) % ol m‘(ﬂ V2 0d0nn it E
- 7’0‘<\ w23 CD\N‘A@(‘X ‘{"Ub{. 52_ s W‘?‘.\\ 2\ [ 1y f‘ﬁ({,\/z% Qbﬁ]@r m&‘\ e ’?‘OIST\)T‘- ‘2_3

@ {o un*c,awm EZ
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ECOTOXICOLOGY : BBY2FCD-00087/1
BIVALVE LARVAL DEVELOPMENT SEDIMENT TEST — TEST COUNTS Page 1. of 3

Sample #: MRS LG/ BRSYASY
Sample Date: AONS Mm\x}’rl\ Date Counted: JMSNZD

\SSEDOQ Abnormal \S i % ’lS \O % (g

Analyst e NO YO MO Wﬂ@

Samp

sample #_ MHRS 6] /RSYISNT
Sample Date:_g(s\’{ Moué ) Date Counted: ZOS Jun23 2048 Surﬁ‘z_!_\

‘Sample Name | Replicate:

- — e o 24 \0#‘? 57 7 ED
IS0 O3 Abnormat _2;0 \(7\ {7 | i O

Analyst 540 O WO O O

sample #_ MH S 69 / BRSNS n

Sample Date: QOKS_ Moo, 2\ Date Counted: ZQ}") ;M’g%
@) W0 28 T2k

T®

Sample Name | Replicate - : A ) ' B e C PR .'D-

_ {Normal | \Z,\. %O\ (.UO 57
ISSEDCS Abnormal ‘f@ h_ﬂ Al 55 \L}

Analyst O 0 INE O o {0

NCovea Woe D2 a5 el & HZ ror mal /&, decormal.
=vr0 2015 TJun 24
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ECOTOXICOLOGY BBY2FCD-00087/1
BIVALVE LARVAL DEVELOPMENT SEDIMENT TEST — TEST COUNTS Page ‘?;; of ;S

sampie # MW S 10O /FS2S YV

Sample Date: JONS MU ge) AN Date Counted: ZO\S Jn 24
Sample-Name "Bépi_icate S A e B e C D E
Toms T WA [ 141 | 107 A i3
\5SEDOG Abnormal R \5 27 \4 A
Analyst e o NG NGO | e

sample #:_MYAS T /IS SVT
Sample Date: QOVS M. DN Date Counmd:?ﬂg\f}x‘«)ﬂz*

Sample Name Repilcate e g

.Nyor.malm \OO 0‘01 \Z?
\SSEOC) 20 2% W 2l \9
0o

Analyst Mo o

Abnormal

Sample #: PRSI 2 ESUIASV)
Sample Date:_ONVS M, DL\ Date Counted: “ZOWSTon 225

ol | 28 | V2B | un» | WA | 3L _
Abnormal ‘20 \5 \(9 Q_Z_ {55
Analyst "o o NG NN O
\"16‘(‘\'\9 20VS Tonak

Counted Wbe B2 as well, 3 nor mal Jj% abiior mal
-0 201S JUn 25

\SSEOQOD
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ECOTOXICOLOGY BBY2FCD-00086/1

BIVALVE LARVAL DEVELOPMENT SEDIMENT TEST — TEST MEASUREMENTS Page %_ﬁof i
Species: M %Q\\O?mv‘tf\cic\\is Date & Time Started 7015 Fun 0 L 5\-\’3
Client # and Name: \\t'\__{% "_\-e_sf{“o\_-i—éc_\s\ EP\A Date & Time Ended AO‘ j\.}ﬂ 1 CD
Test Method: QS’QQ Cloﬁg@ Test Duration/Extension:
Organism Lot #: MR?SQ@ OQ\ Control Water Date: Q@\‘g f‘;\;\,{, 9% (%&ﬁrﬁﬁﬁé},\%g s O?\)
Sample Date: Q;Q’\S Mouzj, ;1\ au\d\ AR pH —7 % Temperature {°C) iS O\
Date Received: Q013 M&;.Z,) AR REAES D.0O. (mg/L} %C\) Salinity (%a) :lb\
Initial 24 hr 48 hr 54 /60hr
Sample | qqjinity | Temp. oH D.0. | salinity | Temp. pH D.0. | salinity | Temp. pH D.0. { Salinity | Temp. pH D.0.
(%) (°C) (mg/L) {%o) (°C) {mg/L} (%o} {°Q) (mg/L) {%60) (°C) (mg/L)
sweel 1% 155190 [B5 | T[S R K2[ 7% |152|1RO |81 |78 | M3 BO|&3
sedcrt |0 WS90 (€322 (WA RN |8 L% 157 80|82 |19 (50| B.0|18D
Analyst MR A3 V3 oy
Date 015 T 1O Tovs Juae \) IS Tunil oIS Jun 2.
sample ID:_ {5 = OW Sample#: MHL\O\Q.G / %‘S‘-\Q‘&G&
Initial 24 hr 48 hr 54/60hr
Sample | sajinity | Temp. pH D.0. | Salinity | Temp. pH D.C. | Salinity | Temp. pH D.0. | Salinity | Temp. pH D.0.
{%o} {°c) (mg/L) (%a) (°C) 1 {mg/L) {%a) (°C) {mg/L} (%0} *Q) (mg/t)
29 WSRO |LN | D[ 15V B0 [bS | T |30 R0[Lb|7% [ 29 bl
Analyst M?-\ \'\ﬂ-\r %"ﬁj‘(’ Yy
Date A0S W 10 I0\S Jun I 2055 Jun\L 05 Junt o
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BBY2FCD-00086/1

ECOTOXICOLOGY

BIVALVE LARVAL DEVELOPMENT SEDIMENT TEST — TEST MEASUREMENTS Page A Of%
Sample ID: \56%@0@ Sample#: M\’\%g% / B‘SC{-QS\_,
Initial 24 hr 48 hr @som
Sample Salinity | Temp. pH D.O. Salinity | Temp. pH D.0. Salinity | Temp. pH D.O. Salinity | Temp. pH D.0.
(%) {°C) (mg/L) (%o} (°C} (mg/L) (%o) (°C) {mg/L} (%o} (°C) {mg/L}
% 1220 |70 | R 14| RO|FEY 1% |152] 3.0 |bB | 2% | 150|329 |3
Analyst NA wH b% hiis My
Date AOE T 10 201S gon s Jun il TovS Juniz
Sample [D: { S‘%E DOQ-) Sample#: M‘(\%{;(:;_l /%‘S-“%’QS \ )
Initial NG 24 hr ™ 48 hr 54/60hr
Sample | oqjinity | Temp. pH D.0. Salin%\ Temp. pH D.0. | salinity™} Temp. pH D.0. | Salinity | Temp. pH D.O.
(%) (°C) {mg/L) (%60} \QC) (mg/L) (%) \(QQ (mg/L) (%o} (°C) {mg/L}
¥ s2]2.0(7% @ 2% |49(8.0 |35
Analyst N\(% O
Date VO Tonz 1O 2o4S Fon ilo
sample ID: \SSEDOS sampleft; MAYXISES VAR Y
Initial 24 hr 48 hr @Gﬂhr
Sample | cainity | Temp. pH D.O. Salinity | Temp. pH D.0. | Salinity | Temp. pH D.O. Salinity | Temp. pH D.C.
{%a) {°C) {mg/L) (%o} {°C) (mg/L) {%0) (°C) (mg/L} (%o} {°Q) (mg/L)
2% 155|200 [T |15 |80 3B | 2% | 15|80 [ =35 29 | WA X971
Analyst E\J@) M}- iﬂ%’ Y ﬁ’
Date 40 Tunz 1O 015 Jon 2015 Jun 7o0vS Joni
® mguoe‘s 2of B com y’gmu Sedd oy Lesi wokef . Wil vse miasum (,w &S A (i tacemm+ (8P Lol Ywis UMPIE (will npt
do W& it desk @m@ So as v Mot ddie Hae chon Ot ee - @' pfomlsvg e MWSU:’Q,JGﬁ M- ZotS Joall

ONE wwsa’mu & WE MF Zovs Junz
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ECOTOXICOLOGY BBY2ECD-00086/1
BIVALVE LARVAL DEVELOPMENT SEDIMENT TEST — TEST MEASUREMENTS Page A of 3
Sample 1D: SSEDOG Sampleti:. MAYRRS 10O/ ASYAST ]
Py
Initial 24 hr 48 hr (54/60hr
Sample | sajinity Temp. pH D.0. | Salinity | Temp. pH D.0. | salinity | Temp. pH D.0. | Salinity | Temp. pH D.0.
(%) {°C} {mg/L) {%0) {°C) {mg/L) {%a) (°C) {mg/L) (%0) (°Q) {mg/L)
j 1 3 o f 1= -7y T — fJ
w |sulsoPalg [ sisc 33 2% [B1]3a|=2] 7% 50| =9 |95
Analyst NS "M iy M b4
Date | QOIS Tue IO 2015 Jun | A JunZ Tovs Jon iz
Sample ID: \G'SEDO’—' Samplet: MY 2SN /%S'L\Q‘S_\—]
Initial 24 hr 48 hr 1{54\_\ 60hr
Sample | saiinity | Temp. pH 0.0. | Salinity | Temp. pH D.0. | salinity | Temp. pH D.0. | Salinity | Temp. pH D.0.
{%e) (°C) (mg/L) (%o) (°C) (mg/L) {%0) {°C} (mg/L) (%0) (°C) (mg/L)
. [ r -3 &y b - - T iy - Py
2% lisi |20 |78 1 2% | MY 80| 3| 2% [ 15439 T4 2% [89[39 |63
Analyst Mi?} M- n L Py
Date O Towe 10 201S Jun i) 1S Juin\2 7008 Juni
Sample 1D: \SSED A Samplei: FANRST I / \%S*L%Q‘S“ﬁ
initial 24 hr 48 hr @BOhr
Sample Salinity | Temp. pH D.O. Salinity | Temp. pH D.0. Salinity | Temp. pH D.O. Salinity | Temp. pH D.C.
{%60) {°Q) {mg/L} {%0) {°C) (mg/L}) (%o) (°C) {mg/Ll) (%o} (°C) (mg/t)
o . [ - f% - . E e 7 o . - r—
2% saleo 6| 2150 30 | 24| 2% 15229 |08 |78 15029 |65S
Analyst N My e W
Date 2015 Tnee (O 015 Jun 1) o Tun 2 2015 Jun L 2

WE Y oS Juni



ECOTOXICOLOGY ORGANISMS - Maxslam

ACCLIMATION AND HOLDING CONDITIONS
BBY2FCD-00070/2

Page | of ' ]
Client #'s : \lhﬂ% Date & Time of Arrival: ~ ZO\S jl) N O w VA0
Crganism Lot #; MQ\SOb 0 Age upon Arrival: o td
A
Water (L) per Shipping Bag: M 300 ML Organism: W"gbﬂﬁ\ug 9&\\ D @f@\}}ﬂ@iu\\s
Number of Shipping Bags: i #of Organisms Ordered: g 5 O
Arrival Conditions
Cond
(uS/cm)/
/Salinit
Bag ID # Dead % Dead \(ppt) Temp (°C) | DO {mg/L) pH Feeding Analyst
i Y A [ \1.3 .2 &%) A Nt
“\._____-_“h _—
.h-h""‘-g., —_
E‘qgg%“%, ] .(’\*; s
el N
\\.
Daily Conditions During Holding/Acclimation
Mortalities Water Quality
Cond
{uS/em})/
Salinity
Date # Dead % Dead {ppt) Temp (°C} | DO {mg/L) pH Feeding Analyst
—
\\‘
Y ]
SOt
&\g\/-ﬂ{
[
\‘\‘
‘\m
Total Mortalities
Comments (e.g. feeding times and quantities; fish behaviour, acclimation conditions); Analyst

2615 Jon 04 - Soco o] LSS, p\oced Yrem wn W L bydets it

with geosoter (Nen. Aou o oatia Z0S Tono\, ve-bi \weyed 2015 ik

Tun 0%) and ploced ndeds 10 Ne (o\d Yoo for_overaignt oy
aeclina@ion, WO ok RAWBRLr 2 Temp CO=1b 4 pH=F.0," Yy

00 = 8.7 malL, SOty (gpy) = 2%, MY
\

FAW Wil | £l

{0

@we W Zo1S Jun 09



ECOTOXICOLOGY

BIVALVE EMBRYO LARVAL DEVELOPMENT TEST -

pA = }pﬁ’}f"m ™M
BIVALVE SPAWNING RECORD BBY2FCD-00161/1
Speciesi Y\ 9}(’};“0 PVC)‘\}'}. ncali s Page 1ot
Date: 2015 jU‘ﬂ {O
Organism Lot#: m Q l%O‘OOq
Analyst/s: mepsoﬂ
Tem;:;;i::re of Time Infout Length of Time Comments Analyst
13 ORUD pdded 26 mosses 4o |
wdter bath - wairto | W
re sume QUW\Q\HG’ A,
1% OIS v MY
14 0%4 3 A
0 O%Y 9 Mt
21 0RS O it
) 0%S1 ki
73 0255 -
i 0%5L A
25, 0%5% il
2 QA0 1 o
Tx 0409 L
13 04l \ Lennale, Y
3 0424 L_owgle o
1 |(he%ss 4% | mate fats
e 9%k e, Al
ey aaAd O Malie, M-
2 CU4% | femdie -dud i
e 0aus L inole i
7% OAYUS Lmnale, 4
e O s : e \ EQMUL"Q,‘dUd M')t'
7 CAYL, L ool AL
¥ Cad \nald )
73 0944 | wadle M
13 0OS0 | fomale Pk
— 2 0450 L mole Wi
o)
‘M L . A
J =1 L./
/Lo
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ECOTOXICOLOGY BIVALVE EMBRYO LARVAL DEVELOPMENT TEST - A agﬂﬁgam
BIVALVE SPAWNING RECORD BBY2FCD-00161/1
Page 1 of 1
Species: V\ aa\\oﬁpﬁwc ‘.a\r& r9ene
“.
vetet O Tinse 10
Organism Lot#: MR \€Q (-,C)Q
Analyst/s: f\/{*’s\c\a’sm'lz
Temzu\s;::c;:re of Time infout Length of Time Comments Analyst
¢ %4 MY addud ‘QO\_ raasse ool AR
‘l,‘)cg QZ M (‘D ’\’WM& chA—\r\ e (‘Jmu.() {‘O f\f‘@
7o L Irnussels cesuneno Pusping | A
{A°c %:4% S el M9
20°< 649 Nn/al N
Blec <50 el v
AR ‘c_ KR A BVASY
AR LAS o ral WA
N5%C | =55 VAT
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QAT ee . G000 v e B
QA GO One_ Lo rvalo AP
I G20 ont, 0 racle ot Gag mee] RAA
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ECOTOXICOLOGY BBYZ2FCD-00035/1
TEST OBSERVATIONS Page 1 of 1

Page __| of {

Test Initiation Date: 2 O | S\ju (0 Test ltem: /U A
Sponsor: A/ ﬁ' Study Number: A/ ﬂ'
Test Method: N ﬂ Project Number: A7 A
oS Jun (O
Cotdibhon ' M
3 Lomare. of eggs _Uted” A o IR
! o) | oxm“(‘\ Y=, | onn Nes
2 mu«\c}\ o\m&\ Yes, 2 \&m(“« {es
5 At oot Hes, 3 m o) N2
iy Oyt aach o= H nnod Me s
< OunCh c{c‘) o, S Qo) Mes
L pat_snzemhoped NO B tonc Ves
3 Aead Neg
g G000 Mex
A Qend NeS
10 é@@a_ Jes
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ECOTOXICOLOGY BIVALVE EMBRYO-LARVAL DEVELOPMENT TEST BBY2FCD-00085/2
Embryo Density Determination for PSEP Tests Page 10f1

Species: ). %Qﬂ\@(}({)\{i{\(ﬂ@i\'@s Organism Lot#: MQ\%OMQQ
Sstart Date:  ZowS up 1O Analyst: Mlﬂmmp%ﬂ

Egg Suspension Preparation

Count #1 Count #2 Count #3  Average {300-400)

Initial Egg Suspension Cou‘nts (10 uL): %{_\L\ ’é \'ﬁl "3"‘]% 6(_)((&0
Pipette ID: BRYNZ - 0233

Volume of egg suspension { J0O0y  mi) diluted with YOO _ml of seawater
to obtain a final volume of @.OXD  mL with a density of 30,000-40,000 eggs/mL

Time egg suspension prepared: VYLD
Fertilization

Volume of sperm suspension used for fertilization: NaYR

Time sperm added to egg suspension: \O W

Embryo Preparation

Count #1 Count #2 Count#3  Average (200-400)
Test Embryo Suspension Counts (10 L) : 25'0\ ’b@o\ Q\“\ é} ’,}_’Zt \
Pipette ID: BB L~ 07T
102 roncued

Volume of embryo suspension (%‘;mu%@t»—ed with _2) ) mL of seawater

to obtain a final volume of Ry mbL with é“%‘?’?ﬁlty ::?20,0&40,000 eggs/mL

Time embryo suspension prepared: 1S
Time embryos seeded into test: 13895
Pipette ID (for seeding test): %%\E'Z*’ ! \\\

Control Embryo Counts
Preserve 6 replicate 10mL aliquots from monitoring jars, After settling, remove 1mL aliquots from each

tube until all embryos have been found. Record total number of embryos in each of the 6 replicates below
Date(s) Counted: Z01$Junie. 2005 Jun23 Analyst(s):_MAToendson WO Tl <

Rep #1 Rep #2 Rep #3 Rep #4 Rep #5 Rep #6 Average

7sa | 201 207 a2z | %9 | bl 202
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ECOTOXICOLOGY BBYZFCD- 00087/1
BIVALVE LARVAL DEVELOPMENT SEDIMENT TEST ~ TEST COUNTS Page 1 \ of \
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7013 Jun il PO ThomifSoin
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1.0 APPENDIX HI -WILDLIFE EXPOSURE CALCULATION

1.1 Lesser Scaup Exposure to Contaminants of Concern (COCs) on the Site

The exposure estimations for wildlife were based on a modified wildlife dietary exposure model by
Sample and Suter (1994) for the calculation of a total daily oral dose (TDOD). This model derives
exposure for receptors using concentrations of COCs in sediment and food items as presented below.

The tissue concentrations assumed for invertebrates and plants were the maximum concentrations (in dry
weight (dw)) measured in crustacean/mollusks and algal tissues on-Site, respectively. For the scaup, it
was assumed that insect body burden was the same as crustacean/mollusk.

I.1.1 Total Daily Oral Dose Calculation

This section provides a sample calculation for a scaup’s exposure to naphthalene in sediments (one of
the Polycyclic Aromatic Hydrocarbon (PAHSs) that are COCs at the Site). Wildlife total daily oral doses

were estimated using the following model:

m = Total number of ingested media (e.g., food, soil) (unitless)

n = Number of types of medium (i) consumed (unitless)

IRi = Ingestion rate for medium (i) (kg/kg BW/day or L/kg BW/day)

Pik = Proportion of type (k) of medium (i) consumed (unitless)

Ciik = Concentration of contaminant (j) in type (k) of medium (i) (mg/kg)
SUF = site use factor (unitless).

This model can be broken down to the following:

Total Oral Dose Daily Dose (TDOD) of COC (j) or total exposure (Eotal):
Ewta = SUF X (Efood + Esediment)

Where:
Ewta = total exposure from all pathways (mg/kg-day)
Ewod = total exposure from food consumption (mg/kg-day)
Esediment = total exposure from sediment consumption (mg/kg-day)

SUF = site use factor (unitless). Applied a value of 1 for SUF (i.e., assumes receptor spends
all its time on the Site).

Food Ingestion:

Efood =Px (|Rfood X Cfood)



Where:
Eoda = exposure from food consumption (mg/day)
P = proportion of the food type in the diet
IRod = food ingestion rate (kg/kg BW/day) dw
Ciood = COC concentration in food (mg/kg) dw

Food Ingestion Rates (IRwod), Which are body weight normalized based on the weight of the receptor, are
presented in Table H1 of the Wildlife Diet Model, in Appendix H.

Ingestion of Sediments:
Esediment = |Rsediment X Csediment
Where:
Esediment = €Xposure from sediment ingestion (mg/day)
IRsediment = Incidental sediment ingestion rates was assumed to be 2% of IRfood
Csediment = COC concentration in sediment (mg/kg) dw
The sediment concentration applied was the calculated 95% UCLM concentration found for each COC.

The following are the pertinent variable values used to estimate the scaup’s TDOD to naphthalene at the
Site:

Csediment =1.7 mg/kg (dW)

Cegetation = 0.015 mg/kg (algal tissue on site in dw)

Cinvertebrates = 0.017 mg/kg (crustacean/mollusks tissue on site in dw)
IRsediment =0.0014 kg dW/day

IRfo0d = 0.07 kg dw food /kg BW /day

Pvegetation =0.90

Pinvertebrates =0.10

1.1.2 Example Exposure Calculation

Esediment = (0.0014 kg dw/day) (1.7 mg/kg) = 0.0024 mg/kg-day

Evegetation = (0.9) (0.07 kg dw food /kg BW /day) (0.015 mg/kg) = 0.00095 mg/kg-day
Einvertebrates = (0.1) (0.07 kg dw food /kg BW /day) (0.017 mg/kg) = 0.00012 mg/kg-day
Efod = 0.00095 mg/kg-day + 0.00012 mg/kg-day = 0.0011 mg/kg-day

Ewta = (1) (0.0024 mg/kg-day + 0.0011 mg/kg-day) = 0.003 mg/kg-day



1.1.3 Example Hazard Quotient Calculation

Wildlife HQs were calculated using the following model:

HQ = Etotal
TRV

Where:
HQ = Hazard Quotient (unitless)
Ettal (or TDOD) = Total Exposure (i.e. Total Daily Oral Dose) (mg/kg-day)

TRV = Toxicity Reference Value (mg/kg-day)

The sample HQ calculation below is for the scaup’s estimated daily oral exposure to naphthalene at the
Site.

_ Etotal _ 0.003mg / kg — day _ 0.0002
TRV 15mg / kg / day

HQ



TABLE H2: EXPOSURE ASSESSMENT PARAMETERS USED IN THE WILDLIFE DIET MODEL

FILE: ENVINDO3511-02 | OCTOBER 2015 | ISSUED FOR USE

Parameter

Species Parameter Abbreviation Units Value Reference

Surface Area of Impacted Sediment on the Site was assumed to be the entire area of the Site = 27,087 m? (2.81 ha)
River Otter Body Weight (average) BW kg 7.5 EC FCSAP Module 3
(carnivorous mammal) Foraging Range (average) ha 900 EC FCSAP Module 3
dry weight (dw) Ingestion sediment (2%) IR sediment kg/day 0.0006 Calculated with FCSAP data
dw Ingestion food IRfo0d kg food /kg BW /day 0.03 EC FCSAP Module 3

Diet composition Used Invertebrates % 100 EC FCSAP Module 3
Lesser Scaup Body Weight (average) BW kg 0.707 EC FCSAP Module 3
(omnivorous bird) Foraging Range (average) ha 10 EC FCSAP Module 3
dw Ingestion sediment (2%) IR sediment kg/day 0.0014 Calculated with FCSAP data
dw Ingestion food IRfo0d kg food /kg BW /day 0.07 EC FCSAP Module 3

Diet composition Used Invertebrates % 90 EC FCSAP Module 3

Vegetation % 10 EC FCSAP Module 3

Notes:

IRs was calcluated using assumed incidental sediment ingestion rate of 2%

Appendix H2 - Diet_Model.xIsx
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TABLE H2: ECOLOGICAL DIET MODEL FOR WILDLIFE EXPOSED TO COCS

FILE: ENVINDO3511-02 | OCTOBER 2015 | ISSUED FOR USE

Site-Specific Media

Site-Specific Exposure (E)

Dry Food . . .
roeston | b Sedmert ot composi N = Steuse | SumStespect
Receptor Rate (IR50q) 9 Food Item et L-ompostition COPC Food Source | Sediment [Sum C Sediment:  Eediment | pactor (SUF) - P ’
(IRsediment) (kg (P) (%) (Cfood) (mg/kg) (Csediment) foed = (Csediment*IRsediment) : Etotal = (Efood + Esediment
(kg dw food dw/d *(IRtp0a*P)]  (Mg/kg- (unitless) N ka-d
kg BW /day) widay) dw (mg/kg) dw day) (mg/kg-day) ) *SUF  (mg/kg-day)
2-methylnaphthalene - 2.4 - 0.0014 -
acenaphthene 0.017 0.6 0.00051 0.0004 0.0009
acenaphthylene 0.017 0.07 0.00051 0.0000 0.0006
anthracene 0.039 0.9 0.00117 0.0005 0.002
benz(a)anthracene 0.029 1 0.00087 0.0006 0.001
chrysene 0.043 14 0.00129 0.0008 0.002
River Otter 0.03 0.0006 invertebrates 1.00 fluoranthene 0.079 5.3 0.00237 0.0032 1 0.006
fluorene 0.017 0.6 0.00051 0.0004 0.0009
naphthalene 0.017 17 0.00051 0.0010 0.002
phenanthrene 0.045 2.7 0.00135 0.0016 0.003
pyrene 0.051 34 0.00153 0.0020 0.004
benzo(a)pyrene 0.033 0.7 0.00099 0.0004 0.001
total PAHs - 26.2 - 0.0157 -
2-methylnaphthalene - 2.4 - 0.0034 -
acenaphthene 0.015 0.6 0.0011 0.0008 0.002
acenaphthylene 0.015 0.07 0.0011 0.0001 0.001
anthracene 0.015 0.9 0.0012 0.0013 0.002
benz(a)anthracene 0.018 1 0.0013 0.0014 0.003
chrysene 0.033 14 0.0024 0.0020 0.004
0.07 0.0014 vegetation 0.90 fluoranthene 0.06 5.3 0.004 0.0074 1 0.01
fluorene 0.015 0.6 0.0011 0.0008 0.002
naphthalene 0.015 17 0.0011 0.0024 0.003
phenanthrene 0.02 2.7 0.0016 0.0038 0.01
pyrene 0.042 34 0.003 0.0048 0.01
benzo(a)pyrene 0.029 0.7 0.0021 0.0010 0.003
Lesser Scaup total PAHs - 26.2 - 0.0367 -
2-methylnaphthalene - 2.4
acenaphthene 0.017 0.6
acenaphthylene 0.017 0.07
anthracene 0.039 0.9
benz(a)anthracene 0.029 1
0.07 0.0014 invertebrates 0.10 ;Ezz(rir;:ene gg;‘g ég * Plant and benthic invertebrates concentrations were added together to derive
fluorene 0017 06 exposure for the Lesser Scaup.
naphthalene 0.017 1.7
phenanthrene 0.045 2.7
pyrene 0.051 3.4
benzo(a)pyrene 0.033 0.7
total PAHs - 26.2

Appendix H2 - Diet_Model.xIsx
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Appendix H2 - Diet_Model.xIsx

TABLE H3: SUMMARY OF TOXICITY REFERENCE VALUES

FOR THE WILDLIFE DIET MODEL

FILE: ENVINDO3511-02 | OCTOBER 2015 | ISSUED FOR USE

Receptor COC TRV (mg/kg-day)
2-methylnaphthalene 65.6
acenaphthene 65.6
acenaphthylene 65.6
anthracene 65.6
benz(a)anthracene 0.615
chrysene 0.615
Mammal fluoranthene 65.6
fluorene 65.6
naphthalene 65.6
phenanthrene 65.6
pyrene 0.615
benzo(a)pyrene 0.615
total PAHs -
2-methylnaphthalene 15
acenaphthene 15
acenaphthylene 15
anthracene 15
benz(a)anthracene 0.107
chrysene 0.107
Bird fluoranthene 15
fluorene 15
naphthalene 15
phenanthrene 15
pyrene 20.5
benzo(a)pyrene 0.107
total PAHs -

Table H3
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Appendix H2 - Diet_Model.xIsx

FILE: ENVINDO3511-02 | OCTOBER 2015 | ISSUED FOR USE

TABLE H4: SUMMARY OF HAZARD QUOTIENTS FOR WILDLIFE EXPOSED TO

COCS
Total Exposure Refe-:gr)l((l:(zt\);alue Q|_l|JaoZt?(re(rj1t
Receptor cocC (Etotal) | (mg/kg (TRV) (makgl (HO = B/
ay) day) TRV)
2-methylnaphthalene - 65.6 -
acenaphthene 0.0009 65.6 0.00001
acenaphthylene 0.0006 65.6 0.00001
anthracene 0.002 65.6 0.00003
benz(a)anthracene 0.001 0.615 0.002
chrysene 0.002 0.615 0.003
River Otter fluoranthene 0.006 65.6 0.00008
fluorene 0.0009 65.6 0.00001
naphthalene 0.002 65.6 0.00002
phenanthrene 0.003 65.6 0.00005
pyrene 0.004 0.615 0.006
benzo(a)pyrene 0.001 0.615 0.002
total PAHS - - -
2-methylnaphthalene - 15 -
acenaphthene 0.002 15 0.0001
acenaphthylene 0.001 15 0.00008
anthracene 0.002 15 0.0002
benz(a)anthracene 0.003 0.107 0.03
chrysene 0.004 0.107 0.04
Lesser Scaup fluoranthene 0.01 15 0.001
fluorene 0.002 15 0.0001
naphthalene 0.003 15 0.0002
phenanthrene 0.01 15 0.0004
pyrene 0.01 20.5 0.0004
benzo(a)pyrene 0.003 0.107 0.03
total PAHs - - -

Table H4
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FILE: ENVINDO3511-02 | OCTOBER 2015 | ISSUED FOR USE

TABLE 11 : TOXICITY REFERENCE VALUES FOR PLANTS

cocC Test Species Test Endpoint Measurement CBR (mg/kg ww) Source Notes
2-methylnaphthalene |Not Available

Acenaphthene Not Available

Acenaphthylene Not Available

Anthracene Scenedesmus vacuolatus ED50 Reproduction 25.1 Grote et al, 2005 modelled tissue concentration, not measured
Benzo(a)anthracene Scenedesmus vacuolatus ED50 Reproduction 21.8 Grote et al, 2005 modelled tissue concentration, not measured
Chrysene Not Available

Fluoranthene Scenedesmus vacuolatus [ ED50 [ Reproduction [ 17.8 [ Grote et al, 2005 [ modelled tissue concentration, not measured
Fluorene Not Available

Naphthalene Not Available

Phenathrene Scenedesmus vacuolatus ED50 Reproduction 910.3 Grote et al, 2005 modelled tissue concentration, not measured
Pyrene Scenedesmus vacuolatus ED50 Reproduction 23.3 Grote et al, 2005 modelled tissue concentration, not measured
Benzo(a)pyrene Not Available

Total PAHs Not Available

Notes:

ED50: Median Effective Dose that produces an effect in 50% of the population

CBR: Critical body residues

ERED: U.S. Army Corps of Engineers/U.S. Environmental Protection Agency Environmental Residue-Effects Database
Results in Bold are the CBRs selected as TRVs

Appendix | - TRVs.xIsx
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TABLE I12: TOXICITY REFERENCE VALUES FOR BENTHIC INVERTEBRATES

FILE: ENVINDO3511-02 | OCTOBER 2015 | ISSUED FOR USE

ED17: Median Effective Dose that produces an effect in 17% of the population
ED25: Median Effective Dose that produces an effect in 25% of the population
ED50: Median Effective Dose that produces an effect in 50% of the population

LD10: Lethal dose in which 10% of the population will die

LD22: Lethal dose in which 22% of the population will die

LD50: Lethal dose in which 50% of the population will die

LOED: Low observed effective dose

NOED: No observed effective dose

CBR: Critical body residues

ERED: U.S. Army Corps of Engineers/U.S. Environmental Protection Agency Environmental Residue-Effects Database
Results in Bold are the CBRs selected as TRVs

Appendix | - TRVs.xIsx

Table 12

CcoC Receptor Test Species [ Test Endpoint | Measurement CBR (mg/kg ww) | Source |Effect
Crab Not Available
2-Methylnaphthalene Mussels Not Available
Acenaphthene Crab Not Available
P Mussel Mytilus edulis [ ED50 [ Growth 29.4 [ Donkin et al, 1989 [Reduction in feeding rate
Acenaphthvlene Crab Not Available
Pty Mussels Not Available
Crab Rhepoxynius abronius [ LD22 [ Mortality 9.09 [ Boese et al, 1999 [
Anthracene -
Mussels Not Available
Crab Rhepoxynius abronius LD22 Mortality 8.26 Boese et al, 1999
Benzol[a]anthracene - -
Mussel Dreissena polymorpha NOED Mortality 0.6 Roper et al, 1996
Chrvsene Crab Rhepoxynius abronius LD22 Mortality 3.15 Boese et al, 1999
Y Mussel Dreissena polymorpha NOED Mortality 0.93 Roper et al, 1996
Crab Schizopera knabeni ED25 Reproduction 40.5 Lotufo 1998
Fluoranthene Coullana sp ED25 Feeding 20.23 Lotufo 1998
Mussel Mytilus edulis LOED Mortality 1.5 Eertman et al 1995 Reduced tolerance to aerial exposure.
Crab Hyalella azteca ED17 Growth 85.38 Schuler et al, 2007
Fluorene -
Mussels Not Available
Naphthalene Crab Diporeia spp. ED50 Mortality 346.06 Landrum et al, 2003 Immobility
P Mussels Mytilus edulis ED50 Growth 31.3 Donkin et al, 1989 Reduction in feeding rate
Crab Diporeia spp. ED50 Mortality 303.0 Landrum et al, 2003 Immobility
Phenanthrene -
Mussels Not Available
Crab Diporeia spp. ED50 Mortality 1233.79 Landrum et al, 2003 Immobility
Pyrene Mussel Dreissena polymorpha NOED Mortality 1.08 Roper et al, 1996
Dreissena polymorpha ED50 Feeding rate 189 Donkin et al, 1989
Crab Ampelisca abdita LC50 Mortality 23 Fay et al, 2000
Benzol[a]pyrene - - - -
Mussel Mytilus edulis LOED Mortality 3.2 Eertman et al 1995 Reduced tolerance to aerial exposure.
Crab Pandalus borealis LD10 Mortality 0.096 Bechmann et al, 2010
Total PAHs Mussel Dreissena polymorpha NOED Mortality 10.4 Roper et al, 1996
Mytilus edulis ED25 Cellular 0.211 Sunt et al, 2011
Notes:

@ TETRA TECH




TABLE 13: TOXICITY REFERENCE VALUES FOR BIRDS

FILE: ENVINDO3511-02 | OCTOBER 2015 | ISSUED FOR USE

. TRV (mg/kg Reference From Environment
cocC Test Endpoint bw/day) Measurement Canada, 2015
2-methylnaphthalene Not Available
Acenaphthene Not Available
Acenaphthylene Not Available
Anthracene Not Available
Benzo(a)anthracene NOEL 0.107 [Survival, reproduction and growth effects. | LANL (2014)
Chrysene Not Available
Fluoranthene Not Available
Fluorene Not Available
Naphthalene NOEL 15 | Mortality LANL (2014); Eco-SSL (2007)
Phenathrene Not Available
Pyrene NOEL 20.5 | Mortality LANL (2014)
Benzo(a)pyrene Not Available
Total PAHs Not Available
Notes:

NOAEL: No Observed Adverse Effect Level

Eco-SSL: USEPA Ecological Soil Screening Levels
LANL: Los Alamos National Laboratory

Appendix | - TRVs.xIsx
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FILE: ENVINDO3511-02 | OCTOBER 2015 | ISSUED FOR USE

TABLE 14: TOXICITY REFERENCE VALUES FOR MAMMALS

. TRV (mg/kg Reference From Environment
COoC Test Endpoint bw/day) Measurement Canada, 2015
2-methylnaphthalene Not Available
Acenaphthene Not Available
Acenaphthylene Not Available
Anthracene Not Available
Benzo(a)anthracene Not Available
Chrysene Not Available
Fluoranthene Not Available
Fluorene Not Available
The highest bounded NOAEL that
Naphthalene is lower than the lowest bounded 65.6 Reproduction, growth and survival Eco-SSL (2007)
LOAEL
Phenathrene Not Available
Pyrene Not Available
The highest bounded NOAEL that
Benzo(a)pyrene is lower than the lowest bounded 0.615 Reproduction, growth and survival Eco-SSL (2007)
LOAEL
Total PAHs Not Available
Notes:

NOAEL: No Observed Adverse Effect Level
LOAEL: Low Observed Adverse Effect Level
Eco-SSL: USEPA Ecological Soil Screening Levels

Appendix | - TRVs.xIsx
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1.0 Definitions

The following words, acronyms and expressions used in this protocol are defined in
ministry Procedure 8, ”Definitions and Acronyms for Contaminated Sites”:

Approved Professional preliminary site investigation (PSI)
contaminated sites legal instrument receptor

Director Regulation

conceptual model remediation

detailed site investigation (DSI) risk-based standards

ecological risk assessment screening risk assessment (SLRA)
exposure pathway sediment

high risk site Summary of Site Condition (SoSC)
ministry toxicity reference value (TRV)
monitoring plan weight-of-evidence

potential contaminant of concern

In addition, under this protocol, ecological risk assessment is considered equivalent to
environmental risk assessment under the Contaminated Sites Regulation.

2.0 Introduction

This protocol identifies components of, and requirements for, the completion of a
detailed ecological risk assessment (DERA) as described under the Contaminated Sites
Regulation (the Regulation).

Any DERA completed for regulatory purposes is expected to follow the risk assessment
methodology, procedures and guidance in Technical Guidance 7, “Supplemental
Guidance for Risk Assessments.” In the case that Technical Guidance 7 methods, procedures or
guidance is not followed, the deviation and a rationale justifying the deviation, must be fully
documented in the risk assessment report.

3.0 Detailed ecological risk assessment checklist

Appendix 1 of this protocol contains a checklist listing the key elements of any DERA
submitted in support of a recommendation to issue a contaminated sites legal
instrument based on compliance with the Regulation’s risk-based standards.

Section IV of the checklist takes the form of a four column table, which presents key
DERA elements in the following subsections keyed to DERA methodology:



1) General Requirements,
2) Problem formulation,
3) Exposure assessment,
4) Effects assessment,

5) Risk characterization, and
6) Uncertainty Assessment.

For each subsection, Column I of Section IV lists the relevant DERA Checklist elements.
A response to the question in Column I is required if “Mandatory” is listed beside that
element in Column II. In Column III, the applicant’s response to the checklist element
must be recorded as either “yes” or “no.” Column IV provides the applicant with an
opportunity to include comments related to the answer provided in Column III.

A negative response to a mandatory checklist element may jeopardize a
recommendation to issue a contaminated site legal instrument. In the case thata
negative response is provided to a mandatory item in column III, a rationale justifying
deviation from the mandatory element must be provided in Column IV. For example, if
no operative ecological pathways exist now or in the future at a site, this lack of
operative pathways would justify a “no” answer to exposure related mandatory
elements in the checklist.

Checklist elements identified as “Optional” in Column I of Section IV of the checklist
may or may not be answered at the discretion of the risk assessor. These optional
elements involve general good DERA practice, which, while recommended, are not
considered by the ministry to be critical to completion of detailed ecological risk
assessments under the Regulation.

The risk assessor(s) responsible for the DERA must complete and sign Part 3 of the
checklist. Note that all signatories to Part 3 are jointly and equally responsible for all
risk assessment aspects of the Detailed Ecological Risk Assessment.

The checklist is designed to provide an opportunity for the risk assessor(s) to
demonstrate that the risk assessment includes all required elements of a detailed
ecological risk assessment. Determining if a particular required element of the risk
assessment has been adequately addressed is the responsibility of the risk assessment
reviewer (i.e., the ministry risk assessor or the risk assessment Approved Professional)
for the site.



4.0

Reporting

A completed DERA Checklist must be provided with any DERA report submitted in
support of a recommendation to issue a contaminated sites legal instrument based on
compliance with the risk-based standards of the Regulation.

For sites with operable pathways, the detailed ecological risk assessment report must be
structured as a formal framework of related objectives, assessment endpoints and
measurement endpoints. The report must summarize the pertinent information from
site investigation and ecological risk assessment performed for the site.

In particular the DERA must:

a)
b)

<)

provide context for the source of site contamination and the environmental fate
and effect of contamination on ecological receptors at the site;

describe and evaluate: pertinent physical, chemical and biological processes
which influence the effects of contaminants on ecological receptors at the site;
describe the process by which contaminants of concern and critical ecological
receptors were selected for the site;

d) provide a conceptual model which includes potential contaminants of concern,

e)
f)

g)

h)

lists all potential contaminant exposure pathways, and identifies operative (i.e.
open) pathways for the site;

provide sufficient methodological detail to allow risk equations and calculated
risk estimates to be independently reproduced and validated;

provide a final conclusion on the acceptability of the level of ecological risk
determined in the DERA completed for the site;

provide a comprehensive uncertainty analysis for all aspects of the DERA which
contribute to the conclusion related to the acceptability of the level of ecological
risk determined in the DERA completed for the site; and

in the case that weight-of-evidence based arguments or considerations are used
to determine the level of ecological risk for the site, provide clear and preferably
quantifiable, a priori weightings assigned with specific corresponding
underlying rationale and an associated uncertainty assessment for all weighted
aspects of the DERA which contribute to the level of ecological risk determined
for the site.

For more information contact the Environmental Management Branch at site@gov.be.ca
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Detailed Ecological Risk Assessment Checklist



BRITISH | Ministry of
COLUMBIA ' Environment

DETAILED ECOLOGICAL RISK ASSESSSMENT CHECKLIST

Land Remediation Section
PO Box 9342 Stn Prov Govt
Victoria B.C. V8W 9M1
Telephone: (250) 387-4441
Fax: (250) 387-8897

Submission of this checklist is required by Protocol 20, “Detailed Ecological Risk Assessment Checkiist” under the Environmental Management Act.

Part 1. Land, owner and risk assessor information

Section | Land Description

Site ID Number (ifknown) |\ {p @ =

PD O29-03L-500

PIN

Legal DescriptionlofA, @cfion [, and PaA-stHhe Bed oﬂ%\e tublic Narbou of Vavaiws , Monaimo Dkt Ran EPP235

lativde  Degess  4q°  winies OQ T seconds 50,8 Morth
Longitude Degrees |2 3 ®  Minutes SS Seconds S, X " W&J-
Site Civic Address Street | Pofw(—— Dvive

cy Manmalmo , BC-

Postal Code

Section Il Property Owner and/or Operator (if applicable)

Name

City o¥t Mavnainmo

Address

Street 4SS Wallate Street

City /Ua(/\aivvw

Province/State g C

Conty Covrand a_

Postal/Zip Code 4 B. § JF6

Phone ZSO-JISH~ (425 Fax

E-Mail




Section Il Risk Assessor(s)

Names) Ity Qalelhouse. aund. Scoth Steer
Organization(s) Te~trpl TN EBA Tnc. ogund Steer Enuivorwenda] A<Sociates Zydl.
Address: :

Street | — UA+6 Eos {aa;.ﬂ. Dirive_

City, ProvincesState — \ Jana tpnnd

8C

Country, Postal/Zip Code

Phone

Va1 6AF

2%50-3FS6-225 6

Fax

Part 2. Detailed Ecological Risk Assessment Checklist

Section IV Detailed Ecological Risk Assessment Checklist

E-Mail Kp‘.g{.\‘/ . gqlaelhouse,,(;) Netiodeo b con

Columnl Column i Column il

provided with the risk assessment?

Column IV
Response Response
DERA Checklist Element Requirement | (Yes or No) Comments
Subsection 1.0 General Requirements
11 Does the DERA identify who the major participants . . LM
are in the risk assessment and state their Mandatory YCS %“l oM q (&) &M{l pl CQ %VLS o 'A
qualifications? ,4..5' SesSsSor S
1.2 Does the DERA describe how the method(s) of S \( L{
assessment and the findings of any previous ‘O N Z .
investigation(s) were used to design and carry out | Mandatory \[&5 e
the current assessment?
13 Does the DERA describe the extent to which any Mandatory \
previous assessment(s) were/ were not relied upon? \( es S &C)Ll on 2. L/
14 If ministry preapprovals apply to the DERA, has all
required preapproval documentation been Mandatory N\ ,Q

N



Section IV Detailed Ecological Risk Assessment Checklist
Column | Column li Column lil Column IV

DERA Checklist Element

Response
Requirement

Response
(Yes or No)

Comments

1.5 Does the report make it clear what conditions are
required (if any) for the instrument being applied

indirect) identified and considered?

Mandat
for (e.g., Schedule B conditions for a Certificate of andatory +‘/\\ o ‘PlM
Compliance)? t F’
1.6 Has field data relevant to the ecological risk Mandat
assessment been provided? andatory \(65
1.7 Has laboratory data relevant to the ecological risk Mandat ;
assessment been provided? andatory \{&S x B Ja;"\d._r’ﬂ‘ P /) emd{ X H
pinza <
Subsection 2.0 Problem Formulation
2.1 Have the objectives of the ecological risk Mandat . —_1
assessment been documented!? andatory YQS QQA/“'RD" l : o —LVL\IMJ M)L'b Vl
2.2 Were assessment and measurement endpoints for
operative exposure pathways warranting further Mandatory \/&5 S\QCJ““ o I’l ’ 2 ' é
assessment defined!?
23 Were assessment and measurement endpoints Mandat \
linked to the risk assessment objectives!? andatory \( es g &b“l N (’t 2. é o
24 Were all current and reasonable potential future o :"\ 01
land, water and sediment uses identified in the Mandatory C‘AVV‘ QJ/\'F WaS d ( J ne@( Lfé' \‘ ‘
problem formulation and considered in screening \/QS -— N (J e_ a*l XS
for chemical exceedances? "" "CL wre Ao + &PP
2.5 Were assumptions associated with current and
future land use documented and rationale provided | Mandatory W (aC
(e.g., development scenario)?
26 Were potential contaminants of concern identified? | Mandatory Y eS gQ_ C)L Lo 4 L2, |
i ?
2.7 Was a conceptual model included? Mandatory YQ/S S\P o L ton “, 2,5 a P\.DL Qg Ure. L/
2.8 Were all relevant exposure pathways (direct and
Mandatory | YeS | Seationn ¢,2.2




Section IV Detailed Ecological Risk Assessment Checklist

Column | Column i Column Il Column IV
Response Response
DERA Checklist Element Requirement | (Yes or No) Comments

2.9 If the site was previously assessed using screening
level risk assessment (SLRA) and if exposure
pathways excluded under the SLRA were not
considered in the DERA; were the assumptions
upon which the pathways were excluded in the
SLRA confirmed in the DERAZ?

Mandatory

nlo

2.10 If statistics were used in the DERA, was a rationale
provided for the statistical methods used?

Mandatory

Yes

S&c“'«dﬂ L.z

2.11 Was a rationale provided for any exclusion of
contaminants that exceed applicable standards,
criteria, or guidelines3?

Mandatory

e

212 Did a qualified biologist visit and assess the site?

Mandatory

Yes

2.13 Were receptors of potential concern identified
based on commonly accepted risk assessment
practice, including consideration of; ecological
relevance, social importance, exposure potential
and contaminant sensitivity+?

Mandatory

Ye s

Sec\[iom Lf 2.2

214 Was the site assessed for likely use by red and blue
listed species?

Mandatory

Yes

Section H.2.2-

215 Were contaminant-pathway-receptor combinations
that warranted further assessment clearly
identified?

Mandatory

\(es

Sction 4d.2.4

2.16 If contaminant-pathway-receptor combinations
were excluded from further assessment, was a
rationale for the exclusion provided?

Mandatory

Yes

S\o_c;ho N Y2, U

2.17 If bioassays were used, was detailed rationale
provided for the selection of the toxicity tests used,
(e.g., consideration of: sensitivity of the organism
to the potential contaminants of concern; potential
confounding factors; taxonomic diversity, etc.)?

Mandatory

Nes

SQC;‘\(OV\ H.3.2




Section IV Detailed Ecological Risk Assessment Checklist

Column | Column i Column Il Column IV
Response Response
DERA Checklist Element Requirement | (Yes or No) Comments

2.18 If the assessment of risk was based on several lines

of evidence, was the approach used to evaluate
individual lines of evidence and to integrate
findings across lines of evidence documenteds?

Mandatory

Nes

Soction H.2.7F

2.19 Were future contaminant concentrations and

potential contaminant degradation products
considered?

Optional

nla

Subsection 3.0 Exposure Assessment

3.1

Was each contaminant-pathway-receptor
combination identified for further assessment
evaluated?

Mandatory

Ve s

Section A 6

32

Was each applicable land use scenario (current and
future) evaluated?

Mandatory

Yes

Current ¢ v\i\,/

33

Was supporting rationale provided for methods
used to estimate exposure point contaminant
concentration(s)?

Mandatory

Ne &

gﬁ_c,{“OA Ltc L( . /

34

If a fate and transport model or other exposure
model was used, were model equations provided
and referenced?

Mandatory

nla

3.5

If an exposure model was used, were equations and
the input data provided to support an independent
quality assurance check for each exposure route in
the risk assessment?

Mandatory

\es

Section 4.y, .3

3.6

Were all exposure model parameters defined and
was rationale provided for all exposure model
parameter values (with references where
applicable)?

Mandatory

Yes

Seclion U413 qund

Aw pwolix 3
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Column | Column I Column il Column IV
Response Response
DERA Checklist Element Requirement | (Yes or No) Comments

3.7 If an exposure model was used, was uncertainty
regarding both: (a) the structure of the exposure
model and (b) the parameter values used in the
exposure model, considered in any interpretation of
the results of the exposure modelling?

Mandatory

Yes,

Seos[?u/\ S\l 2

3.8 1If an exposure model was used, were the model’s
results compared to, or calibrated to, empirical (i.e.,
measured data) to determine if the model
adequately represents reality?

Optional

3.9 For any models used, was a sensitivity analysis or a
rationale for the absence of a sensitivity analysis
provided?

Optional

3.10 Were data quality objectives established for field
parameters used in the risk assessment?

Optional

Subsection 4.0 Effects Assessment

41 If ecological surveys (e.g., plant, soil invertebrate,
bird, fish, or benthic communities) were conducted,
was the survey methodology used (including
sampling locations and seasons) documented?

Mandatory

NYes

De_slc)‘aﬁ SIL*’VQ—\/
Seoctlonn U, 2.2

4.2 If toxicity reference values (TRVs) were used, was a
rationale for the selection and/ or development of
the TRVs provided?

Mandatory

YesS

43 If TRVs were used, was the source of the TRVs
referenced? If TRVs were developed de novo, was
their derivation documented?

Mandatory

Nes

Secion %S and A(apem{:‘x K

44 If TRVs were used, was the toxicity endpoint
associated with each TRV identified?

Mandatory

Nes

SQC)“OVL %S amo( 4~pﬂ€ﬂdl)(/c

4.5 Did the level of protection used in the DERA
comply with the level specified in the ministry
ecological risk assessment policy summary® for the
applicable land use or media?

Mandatory

SQ_Q)(-ZOI/\ "(g Z' é




Section IV Detailed Ecological Risk Assessment Checklist

Column | Column Il Column Il Column IV
Response Response
DERA Checklist Element Requirement | (Yes or No) Comments

4.6 If risks were evaluated relative to: a reference
site(s) or reference condition(s), was rationale for
the selection of the reference site(s) or reference
condition(s) provided? Were confounding variables
(e.g., soil: texture, PH, grain size, depth etc.)
addressed and considered in the evaluation?

Mandatory

nla

4.7 If site-specific toxicity testing was conducted, did
the test method(s) used meet the quality standards
of Environment Canada’?, ASTMS or another
recognized government agency?

Mandatory

Ne S

Appevd ix LT

4.8 If site-specific toxicity tests were conducted, did the
tests include samples from the most contaminated
area of the site?

Mandatory

Nes

AP@QV\A‘IK T and I:ETWQ—?—

4.9 Were potential toxicological interactions (e.g.,
synergistic or antagonistic effects) between
potential contaminants of concern discussed?

Optional

No

4.10 Were up to date toxicity profiles provided for each
potential contaminant of concern?

Optional

Subsection 5.0 Risk Characterization

5.1 Was sufficient detail provided for equations used to
calculate numeric risk estimates so that it is clear
how the estimates were derived?

Mandatory

NesS

Secdion Y, b, 2

5.2 Was preference given to the use of hazard quotients
in expressing numeric risk estimates?

Mandatory

Neg

5.3 1f hazard quotients were calculated, were they
documented for each complete contaminant-
receptor-pathway combination (as identified in the
Problem Formulation)?

Mandatory

Ves

SQC)LMV\ H.6.2-




Column | Column i Column il Column IV
Response Response
DERA Checklist Element Requirement | (Yes or No) Comments

5.4

If hazard quotients were not calculated, was
rationale provided for using a different approach
(e.g., site observations or plotting exposure with
dose-response data)?

Mandatory

Yes

Qcolion Y.4.2.2 (Fish)

5.5

If an ecological hazard quotient exceeded unity, but
the level of risk was considered acceptable, was a
rationale provided?

Mandatory

nla

5.6

Were risks for all operative contaminant-receptor-
pathways detailed in the problem formulation
assessed and categorized as acceptable or
unacceptable?

Mandatory

Yes

Section y.b.2.

5.7

Were the conclusions (i.e., risk characterization)
consistent with the assessment endpoints?

Mandatory

Yes

@ Lion Ub.2Z

5.8

Does the risk assessment provide an explicit risk
conclusion in regard to the significance of the
ecological risk posed by the contamination at the
site?

Mandatory

\/eS

SQOLWOV\ 6.0

Subsection 6.0 Uncertainty Assessment

6.1

Were uncertainties (e.g., measurement uncertainty,
random variations, conceptual uncertainty and
ignorance) explicitly evaluated and stated,
including their implications on risk conclusions?

Mandatory

Nes

S\Qc,\hor\ <O

6.2

If a weight-of-evidence approach was used, was
preference given to assigning quantifiable, a priori
weightings to weighted aspects of the DERA?

Mandatory

Nes

6.3

If a weight-of-evidence approach was used, were
the weight-of-evidence conclusions determined in a
manner consistent with the approach laid out in the
problem formulation?

Mandatory

Nes

SQC)L?O/\ 4. b




Column| Column Il Column lil Column IV
Response Response
DERA Checklist Element Requirement | (Yes or No) Comments
6.4 If a weight-of-evidence approach was used, were
uncertainties associated with the use of the \
assigned weightings explicitly evaluated and Mandatory \/QS Se CT 10N §. [
stated, including their implications on risk
conclusions?
Footnotes

1. Ecological risk assessment objectives and assessment and measurement endpoints are described in Science Advisory Board for Contaminated Sites in British
Columbia, Report on: Detailed Ecological Risk Assessment (DERA) in British Columbia Technical Guidance, September, 2008.

2. Where both SLRA and DRA are applied at a site, pathways screened using SLRA should be re-evaluated in the problem formulation stage of the DRA to
confirm that the assumptions and conditions inherent in SLRA are satisfied at the site.

3. Province of British Columbia. Environmental Management Act. BC Reg 375/96 Contaminated Sites Regulation Section 59 2).

4. Guidance on selecting receptors of potential concern can be found in Science Advisory Board for Contaminated Sites in British Columbia, Report on:
Detailed Ecological Risk Assessment (DERA) in British Columbia Technical Guidance, September, 2008.

5. Guidance on the use of weight-of-evidence evaluation under DERA can be found in Science Advisory Board for Contaminated Sites in British Columbia,

Report on: Guidance for a Weight of Evidence Approach in Conducting Detailed Ecological Risk Assessments (DERA) in British Columbia, October, 2010.

Ministry of Environment, lands and Parks. Tier 1 Ecological Risk Assessment Policy Decision Summary. Victoria, British Columbia. 1999.

Environment Canada toxicity test protocols are available from the Environment Canada Biological Test Method Series website. Environment Canada.

Ottawa, Ontario.

8. ASTM toxicity testing protocols can be purchased through the ASTM Committee E47 on Biological Effects and Environmental Fate website. American Society
for Testing and Materials International. Technical Committee E47 on Biological Effects and Environmental Fate.

NS




Part 3. Professional Statements and Signatures

Section V Professional Statements and Signatures ~ To be completed by the Risk Assessor or Risk Assessment Specialist

In accordance with Section 63 of the Contaminated Sites Regulation, | confirm that:

1) the detailed ecological risk assessment for which this checklist is submitted has been performed in accordance with Ministry of Environment approved
methods, procedures, guidance and standards of professional practice;

2) the responses provided in this Detailed Ecological Risk Assessment Checklist are true and accurate based on current knowledge as of the date
completed; and

3) | have demonstrable experience in conducting ecological risk assessments and in conducting investigations of the type used to prepare the detailed
ecological risk assessment for which this checklist is submitted.

Print Name Signature Date completed (yy-mm-dd)

If multiple signatories add additional Part 3 forms as needed.

NOTE: All signatories to Part 3 are jointly and equally responsible for all risk assessment aspects of the Detailed Ecological Risk Assessment

Apply professional society stamp (if applicable)
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