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1 1. I have personal knowledge of the facts stated in this testimony, and would be competent

2 to testify to those facts.

3 2. I have a B.S. (1977) in Biology from Eastern Kentucky University in Richmond,

4 Kentucky; an M.S. (1979) in toxicology/toxicodynamics at the University of Kentucky in Lexington,

5 Kentucky; and a Ph.D. (1987) in environmental toxicology from the University of Wyoming in Laramie,

6 Wyoming.

7 3. I have approximately 20 years of experience conducting research in the fields of

8 environmental toxicology, ecological risk assessment, and aquatic and wildlife toxicology studies. In

9 my work, I have dealt with a variety of environmental issues, especially those associated with

10 wastewater effluents, the evaluation of impacts to aquatic and terrestrial species as a result of point

11 source and non-point source discharges, the toxicity of various heavy metals and petroleum-derived

12 materials, and the derivation and modification of water quality criteria and/or standards.

13 4. I am currently Technical Director of Environmental Toxicology at ENSR Corporation.

14 My professional resume is attached as Exhibit A. My testimony address the following issues:

15 • I explain how Ambient Water Quality Criteria are developed. These Ambient Water Quality

16 Criteria for metals are conservative by design because they are developed applicable in all

17 the waters of the United States. One reason that these criteria are conservative is that they

are based on toxicity data developed using laboratory water (not site-specific water) which18

19 frequently contains organic ligands (dissolved organic carbon) that bind metals and reduce

their biologic availability, and thus their toxicity, to organisms.20

21 • I explain how the Ambient Water Quality Criteria are used in the NPDES process and how

their application depends upon an appropriate translator.22

• I explain how Water Effect Ratios (WERs) are developed for site-specific conditions. The23

24 use of a WER is specifically encouraged by the Environmental Protection Agency and its use

25 is approved in Washington Department of Ecology regulations. The WER essentially

26 produces a site specific ambient water quality standard by comparing the actual effect of site-
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1 specific water conditions on the toxic substance, such as dissolved metals, and obtaining a

2 standard that is equally protective in the site-specific water as the Ambient Water Quality

3 Criteria are for laboratory water.

4 • I describe the Port of Seattle's preliminary WER range-finding studies for copper in the

5 streams near the Seattle-Tacoma International Airport. I have reviewed that preliminary

6 information, and those range-finding studies indicated a substantial WER (greater than 6) for

7 copper in those streams. If the final WER is in this range, it would mean that the ambient

8 standard for copper in those streams could be increased by a factor of 6 and still be equally

9 protective of waters of the state. In my opinion, results of definitive WER studies are likely

10 to confirm that the Washington state ambient water quality standard could be significantly

11 increased in those streams and still remain protective of sensitive species.

12 • I discuss the Port's recent in-stream characterization and stormwater sampling studies.

13 Those studies have been undertaken for zinc and copper after a preliminary screening has

14 shown that all other metals in the list of EPA's 13 priority pollutant metals are not present at

15 concentrations sufficient to be of concern in the Airport's stormwater discharges. The

16 studies have been conducted at various locations in Des Moines, Walker, and Miller Creeks.

17 Preliminary results show no exceedances of chronic water quality standards based on 48-hour

18 average measured concentration for either zinc or copper at any monitoring station in any

19 creek. The results also show no exceedance of acute water quality standards for either zinc

20 or copper in Miller and Walker Creeks. The results show limited exceedances at some

21 locations for some storm events in Des Moines Creek. This basin drains both International

22 Boulevard in the City of SeaTac and other industrial areas, so it is not possible to say whether

23 these exceedances are attributable to the Port. However, the range-finding study for the

24 WER for copper suggests that the WER process required by Ecology will result in a site-

25 specific standard that will be sufficient to account for the observed exceedances. Thus, I am

26
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1 confident that, with the development of a site-specific water quality standard, water quality

2 standards can be met even if the copper is attributable to the Airport. A WER analysis for

3 zinc is not yet complete. If results are similar to the WER studies for copper, it will result in

4 an increased site-specific standard, but it is not possible yet to tell the magnitude of the

5 increase. Because the zinc exceedances are infrequent, of short duration, and are not

6 particularly high, however, I am confident that water quality standards for zinc can be met

7 either through a WER or through a WER in combination with water quality BMPs that

8 remove zinc from stormwater and that can be imposed by Ecology during the NPDES

9 process.

10 5. Water Quality Standards. National Ambient Water Quality Criteria (AWQC) are

11 numeric guideline values intended for the protection of aquatic organisms and their uses throughout the

12 United States. AWQC are developed under a rigorous set of guidelines and are aimed at protecting the

13 majority of aquatic species present in all or almost all bodies of water within the United States (USEPA

14 1985a). Thus, national criteria define, for a given water body, contaminant concentrations below which

15 detrimental effects to resident species or their intended uses are not expected to occur. State

16 environmental regulatory agencies may adopt and implement national AWQC as state standards

17 affording them the strength of enforcement.

18 6. AWQC consist of two concentrations: the criterion maximum concentration (CMC) and

19 the criterion continuous concentration (CCC). The CMC and CCC values may be thought of as the

20 acute and chronic criteria, respectively. The criterion is defined by USEPA guidelines (USEPA 1985a)

21 as follows:

22 Except where a locally important species is very sensitive, aquatic organisms and
their uses should not be affected unacceptably if the 4-day average concentration

23 of the material of interest does not exceed the CCC more than once every 3 years,
on the average, and if the 1-hour average concentration does not exceed the CMC

24 more than once every 3 years, on the average.

25

26
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1 Thus, an AWQC consists of three parameters: 1) magnitude - concentration of contaminant, 2) duration

2 - length of exposure period, and 3) frequency - how often an exceedance can occur and still be

3 protective. The duration (1 hour and 4 day average) and frequency (once every three years) terms are

4 consistent for most all contaminants and are mandated in the USEPA guidance document (USEPA

5 1985).

6 7. It is important to note that AWQC are intended as threshold values designed to protect

7 against unacceptable effects. This does not mean that any exceedance of AWQC implies adverse effects

8 to exposed aquatic organisms have or will occur; the implications of an exceedance are site-specific.

9 Exceedances can occur without causing unacceptable effects if:

10 • the magnitude and duration of exposures above the criteria are limited,

11 • there are compensating periods when exposures are below the AWQC,

12 • species resident to the water body are either more or less sensitive to a contaminant than
species represented in the AWQC database, and

13
• water quality characteristics in the site water body modify the bioavailability of the

14 contaminant to make it either more or less toxic than was observed in the laboratory
toxicity tests used in developing the AWQC.

15

16 8. Data Requirements for AWQC Derivation. AWQC are derived from laboratory-based

17 empirical toxicity data developed with a variety of aquatic organisms. Data used in these calculations

18 must be derived only from tests conducted in laboratory dilution water with total organic carbon or

19 particulate matter <5 mg/L, thus, these waters are much cleaner than most than "natural" waters.

20 If test results indicate that toxicity to two or more species is related to some water quality

21 parameter, such as hardness, an equation should be derived predicting the toxic effect concentration

22 based on the measured water quality parameter. Laboratory tests have shown a relationship between the

23 toxicity of metals and water hardness; therefore, the AWQC for the majority of metals are expressed as

24 an equation reflecting the water hardness-toxicity relationship.

25 9. Total Recoverable vs Dissolved Criteria for Metals. Establishing and implementing

26 metals criteria are complicated: (1) by the chemical form (i.e., speciation) of metals in natural waters, (2)
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1 by the distinction between total recoverable metals and those metals species/fractions that are

2 bioavailable, which is best approximated by the dissolved metals concentration, and (3) by the

3 complexing of dissolved metal species with organic ligands (i.e., dissolved organic carbon), which can

4 reduce toxicity below even that predicted by the dissolved concentration.

5 10. Of the analytical methods available, the dissolved method [operationally defined as that

6 portion of metal that will pass through a 0.45 lam filter] better approximates the bioavailable fraction in

7 most waters, as stated in the USEPA policy announcement: "the use of dissolved metal to set and

8 measure compliance with water quality standards is the recommended approach, because dissolved

9 metal more closely approximates the bioavailable fraction of metal in the water column than does total

10 recoverable metal" (USEPA Memorandum from Martha Prothro, Acting Assistant Administrator for

11 Water, October 1, 1993). The State of Washington agrees with this approach and all metals standards in

12 the state are based on dissolved metal concentrations.

13 11. AWQC/Washington Standards for Copper, Lead, and Zinc. Water quality standards for

14 copper, lead, and zinc in Washington are defined under WAC 173-201A-040. Washington State

15 Standards are derived from USEPA "Gold Book" values based on total recoverable concentrations

16 (USEPA 1986), but have been adjusted to account for dissolved metal concentrations (Prothro letter

17 1993). National ambient water quality criteria for copper and zinc (but not lead) were revised in 1995

18 (USEPA 1996). However, Washington State Standards have not been revised to reflect these revisions.

19 The formulas for these standards are given in the following table.

20

21 Substance Washington WQS National AWQC

22 Copper- acute (0.960)(e (0'9422[ln(hardness)]-l464)) (0.960)(e (0"9422[In(hardness)]-l'7))

23 Copper - chronic (0.960)(e(0.8545[In(hardness)]-! .465)) (0.960)(e(0.8545[In(hardness)]-l.702))

24 Lead - acute I (0.791 )(e (l273[ln(hardness)]- 1460)) (0.79 1)(e(I273[ln(hardness)]-1460))

25
Lead - chronic i (0.791 )(e (1"273[ln(hardness)]-4"705)) (0.791 )(e(I273[ln(hardness)]-4705))

26
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1 Zinc - acute (0.978)(e (0"8473[In(hardness)I+0"8604)) (0.978)(e tU_4_tmtnaraness_j+U_4))

2 Zinc - chronic (0.986)(e (0"8473[In(hardness)I+07614)) (0.986)(e tu_41_tmtna_o'ess'+u_4))

3

4 _The conversion factor (CF = 0.791) is hardness dependent and was calculated for a
hardness of 100. CF is calculated for other hardnesses as follows: CF =1.46203 - [(In

5 hardness)(0.145712)].

61 In order to make this comparison more meaningful, Washington water quality standards (WQS) and

7 national ambient water quality criteria (NAWQC) are presented over a range of hardnesses in the

8 following table.

9

10

11 25 mg/i 50 mg/l 100 mg/l 200 mg/!
hardness hardness hardness hardness

12

Substance WQS AWQ WQ AWQ WQS AWQ WQ AWQ
13 C S C C S C

14
Copper - 4.61 3.64 8.86 6.99 17.0 13.4 32.7 25.8

15 acute

16 Copper - 3.47 2.74 6.28 4.95 11.4 8.96 20.5 16.2
chronic

17
Lead - acute 13.9 13.9 30.1 30.1 64.6 64.6 136 136

18

Lead - 0.54 0.54 1.17 1.17 2.52 2.52 5.31 5.31
19 chronic

20
Zinc - acute 35.4 36.2 63.6 65.1 114 117 206 211

21
Zinc - chronic 32.3 36.5 58.9 65.7 104 118 188 213

22

23

This table shows how sensitive the AWQC are to the "hardness" of the waters being evaluated. This
24

refers to the concentrations of certain mineral salts (chiefly calcium and magnesium) in the water. The
25

hardness of streamwater can vary significantly over short periods of time during rainfall events.
26
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1 12. Use of Standards in the NDPES Permit Process. As previously discussed, the EPA's

2 Office of Water recommends that dissolved metal concentrations be used for the application of metals

3 aquatic life criteria and that State water quality standards be based on dissolved metals. Because the

4 national AWQC and State water quality standards (WQS) were originally established based on total

5 recoverable metals concentrations, a generic (non site-specific) conversion factor is used to modify total

6 recoverable metal based criteria to dissolved criteria. Conversion factors were determined in laboratory

7 waters in which toxicity tests for metals criteria for aquatic life were conducted by comparing the

8 dissolved and total recoverable metals concentrations. For example, the conversion factor for Zn is

9 0.978 for the acute criterion (CMC) and 0.986 for the chronic criterion (CCC), for Cu the values are

10 0.960 for both the CMC and CCC.

11 Chemical-specific limits contained in NPDES discharge permits represent a different issue. By

12 regulation (40 CFR 122.45(c)), NPDES chemical-specific permit limits for metals must be expressed on

13 the basis of total recoverable concentrations. Differences in chemical characteristics (e.g., pH, total

14 suspended solids, dissolved organic carbon) between the discharged effluent and the receiving water can

15 result in changes in partitioning between dissolved and adsorbed forms of metal. This can result in

16 changes in the dissolved proportion of metals found in the receiving stream, thus the use of the total

17 recoverable metals approach for regulating effluent concentrations is warranted. A metals translator is

18 used to account for the fraction of metal in the effluent that could be dissolved in the receiving stream.

19 A recent EPA guidance document (USEPA 1996) has provided three procedures that can be used

20 to determine a metals translator:

21 1) Default Translator: This procedure assumes that the metal in the receiving stream is

22 dissolved to the same extent as it was during criteria development (i.e., the inverse of the conversion

23 factor). This method is conservative however, because the AWQC value was derived from tests

24 conducted in waters with low total suspended solids (TSS) and dissolved organic carbon (DOC)

25 resulting in a minimal amount of bound or particulate metal. Thus, while this method may be the most

26
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1 cost-effective, it is extremely conservative in estimating a site-specific translator; the criteria would be

2 the same as those originally determined and thus would provide little indication of the actual

3 dissolved/particulate partitioning in a site water.

4 2) Direct Measurement of Dissolved and Total Metal: The most direct method for calculating a

5 translator is to determine the fraction of dissolved metal (fD) by measuring both the concentration of

6 dissolved metal (CD) and the concentration of total recoverable metal (CT) in the receiving stream, and

7 thus determine the dissolved fraction as:

8 fD=CD/CT

9 This method is conducted for several samples (different flows, times, etc), and the translator is then

10 calculated as the geometric mean of the dissolved fractions (CD/CT).

11 3) Partition Coefficient: A partition coefficient may also be derived as a function of TSS, DOC,

12 pH, and related factors. The partition coefficient is the ratio of the particulate-sorbed and dissolved

13 metal species multiplied by the adsorbent concentration, as follows:

14 Kp = Cp / CD * m

15 where: Cp is the particulate sorbed metal, CD is the dissolved metal, and m is the adsorbent concentration

16 (i.e., TSS, etc.)

17 If the permit holder does not develop site-specific data, the conservative "default translator"

18 approach is taken and the laboratory-based conversion factor is used in lieu of a site-specific translator

19 value. Because the regulations only require that total recoverable metals concentrations be reported, the

20 vast majority of dischargers (including STIA) determine only the total recoverable metal concentration

21 in their effluent.

22 The importance of a site-specific translator can be substantial. For example, data reported by

23 Herrera (Herrera 2001) suggests that mean dissolved concentrations are typically in the range of 38% for

24 Cu and 30% for Zn of total recoverable values. This means that NPDES chemical specific standards for

25

26
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1 Cu and Zn could be increased by a factor of approximately 2.5-3.0 and in-stream dissolved standards

2 would be achieved.

3 13. Water-Effects Ratios - Background and Derivation. As has been recognized by the

4 USEPA, ambient water quality criteria (AWQC) are inherently conservative and frequently are over-

5 protective when evaluated on a site-specific basis. Consequently, the development of site-specific

6 criteria has been recommended, and numerous guidelines have been distributed for this purpose (i.e.,

7 Carlson et al. 1984, USEPA 1992, Prothro 1993, USEPA 1994, USEPA 2001). It is clear from the

8 USEPA's own policy documents that national water quality criteria can be, and in fact are intended to be

9 conservative under certain environmental conditions and for certain priority pollutants, namely metals.

10 Although they successfully set a minimum threshold concentration below which adverse effects to the

11 majority of aquatic species are not anticipated in any water body throughout the United States under any

12 circumstances, the criteria fare poorly in quantifying "safe" threshold concentrations or lowest

13 observable effect concentrations that are specific to particular surface waters. This is because the site

14 specific water quality conditions may be quite different from those under which the national criteria

15 were developed (the national criteria are developed using laboratory water).

16 14. Measurement of the site-specific water-effects ratio (WER) l provides the best indication

17 of the metal concentration expected to cause toxicity in the water body under consideration, and

18 circumvents the need to distinguish between criteria values and metals concentrations measured using

19 various analytical methods (i.e., those predicting toxic metals concentrations from either total

20 recoverable, acid soluble, or dissolved measurements). By determining the ratio between metals toxicity

21 in the actual site water and in laboratory water, the national criterion value can be adjusted and the issue

22 of bioavailability addressed directly.

23

24 b'Water Effect Ratio (WER) is the acute (or chronic) value in site water divided by the acute (or chronic) value in
laboratory waters. An acute value is an LC50 or EC50 from a 48-96 hour test, as appropriate for the species. A chronic

25 value is a concentration resulting from hypothesis testing or regression analysis of measurements of survival, growth or
reproduction in life cycle, partial life cycle, or early life stage tests with aquatic species." (USEPA 1992)

26
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1 15. Beginning with the original "Guidelines for Deriving Numerical National Water Quality

2 Criteria for the Protection of Aquatic Organisms and their Uses" (Stephan et al. 1985), and followed by

3 the "Guidelines for Deriving Numerical Aquatic Site-Specific Water Quality Criteria by Modifying

4 National Criteria" (Carlson et al. 1984) and the "Interim Guidance on Interpretation and Implementation

5 of Aquatic Life Criteria for Metals" (USEPA 1992), the "Interim Guidance on the Determination and

6 Use of Water-Effect Ratios for Metals" (USEPA 1994), the "Interim Final Rule for the Establishment of

7 Numeric Criteria for Priority Toxic Pollutants" (USEPA 1995) and, most recently, the "Streamlined

8 Water-Effect Ratio Procedure for Discharges of Copper" (USEPA 2001), the Agency has presented a

9 clear policy recognizing the technical value of site-specific criteria modification and has promoted it

10 under specified circumstances.

11 16. Range-Finding Test Methods and Results at the Airport. In an effort to determine the

12 potential importance of site water quality characteristics on the toxicity of copper in Miller, Walker, and

13 DesMoines Creeks, a series of"range-finding" water-effect ratio tests were conducted. Although these

14 tests are preliminary, they suggest that site-waters in the Miller, Walker, and DesMoines Creek

15 watersheds strongly affect the toxicity of copper.

16 17. A total of 10 "range-finding" acute toxicity Water-Effect Ratio ("WER") tests were

17 conducted comparing the relative toxicity of copper to organisms held in laboratory reconstituted water

18 to its toxicity in water collected from multiple sites in Miller, Walker, and DesMoines Creeks. Site and

19 laboratory waters were spiked with copper salts, providing paired concentration series that were used to

20 determine comparable toxicity endpoints (i.e., LCs0 [median lethal concentration] in each water type.

21 Laboratory toxicity tests conducted included:

22
February 1999 tests with Ceriodaphnia dubia

23

(Samples collected 21-23 Feb. 1999)
24

* SDS3 outfall mixed with Miller Ck water (1:5 ratio)
25

26 • SDS3 outfall mixed with Walker Ck water (4:1 ratio)
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1 • West Fork DesMoines Creek (collected at Northwest Ponds outlet)

2
• Laboratory water

3
April 2000 tests with Daphnia magna

4

(Samples collected 15 April 2000)
5

* Northwest Ponds inlet
6

7 • Northwest Ponds outlet

8 • Miller Creek (below the Lake Reba stormwater detention facility)

9
• Miller Creedk (upstream of the Lake Reba stormwater detention facility)

10
• DesMoines Creek weir

11

• Laboratory water
12

13 18. Generally, with the exception of the analytical confirmation of metals concentrations in

14 the exposure solutions, the laboratory tests were conducted in accordance with applicable guidelines on

15 test conduct, analysis, and data interpretation (USEPA 1994, USEPA 1993). Survival in range-finding

16 WER studies was used to calculate the acute EC50 (median effect concentration) for tests performed

17 using copper-spiked site waters, laboratory mixed site waters, and laboratory water. All LCs0 values

18
were calculated based on nominal copper concentrations. The ECs0 values were then normalized using

19 the hardness relationship described in the national AWQC document (USEPA 1985) to a hardness of 50

20 rag/L, and used to calculated WERs using the following formula:

21 WER = Normalized LCso in site water_ormalized LCso in laboratory water
The calculated ECs0 s and WERs are summarized in the following table:22

23

24

25

26
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1 Table 2. Range-finding WER test results

2

Station Hardness Cu LCs0 Hardness- Calculated
3 (mg/L as (gg Normalized WER

CaCO3) Cu/L) Cu LCs0
4

5 February 1999 tests with Ceriodaphnia dubia

6 SDS3 outfall mixed with Miller Creek 44 70.7 79.9 16.0
water

7
SDS3 outfall mixed with Walker Creek 50 33.3 33.3 6.7

8 water

9 DesMoines Creek W (NPout) 60 88.0 74.2 14.9

10
Laboratory water 96 9.2 4.9 --

11
April 2000 tests with Daphnia magna

12
Northwest Ponds inlet 60 143.9 120.93 28.434

13
Northwest Ponds outlet 96 132 75.87 17.938

14

Miller Creek Detention facility 92 168.8 95.03 22.34315

16 Miller Creek upstream 46 11.6 120.72 28.384

17 DesMoines Creek weir 65 136.6 106.68 25.083

18 Laboratory water 90 7.4 4.25 --

19

20
Copies of the February 1999 and April 2000 preliminary range-finding WER studies are attached as

21
Exhibits C and D.

22
19. WER Summary and Interpretation. Results of this testing program show that the water

23
quality characteristics of the Miller, Walker, and DesMoines Creek watersheds reduce the bioavailability

24
and thus, the toxicity of copper relative to what would be observed in "clean" laboratory waters, as were

25
used in generating the data used in derivation of national AWQC. Of the 8 WERs calculated for the

26
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1 studies conducted, water-effect ratios ranged from a low of 6.6 to a high of 28.4. (Table 2). Toxic_itywas

2 consistently associated with higher copper concentrations in Miller, Walker, and DesMoines Creek site

3 waters than in comparable laboratory-reconstituted waters.

4 20. All of these data suggest that the Washington State Standard for copper could be

5 increased significantly and still remain protective of sensitive and important species in the Miller,

6 Walker, and DesMoines Creek systems. Moreover, WERs determined in this testing program were

7 consistent with, although slightly higher than, others that have been presented in the literature. Carlson

8 et al. (1986) report copper WERs ranging from 3.9 to 7.0 for Ceriodaphnia dubia, fathead minnow, and

9 Scapholeberis sp. (a resident daphnid) in the Naugatuck River, Connecticut, downstream of industrial

10 and municipal discharges; the authors concluded national water quality criteria were overly protective

11 for the site in question. Thursby et al. (1993) reports copper WERs of 1.0 to 5.7 for total recoverable

12 copper and 1.0 to 3.9 for dissolved copper in waters from the Hudson/Raritan Estuary. Brungs (1991),

13 summarizes the results of 10 studies in which copper WERs were determined for several species in

14 varying site and laboratory waters. Values ranged from 1.0 to 15.3 (mean = 5.42), and the single

15 reported rainbow trout WER was 3.2. Thus, data from water-effect ratio studies in other water bodies

16 have shown the protective effects of site water on copper toxicity.

17 21. The intention of this testing program was not to provide data to be used to invalidate the

18 national ambient water quality criteria or the Washington State Standard for copper, nor was it to

19 question the underlying methodologies used in deriving the national criteria. Rather it was to obtain

20 preliminary data to evaluate the potential importance of site-specific water quality characteristics on the

21 toxicity of copper in Miller, Walker, and DesMoines Creeks. It is important to note that the

22 development of a site-specific standard by use of a WER does not constitute a relaxation of

23 environmental protection. Rather the WER results in a site-specific standard that is equally protective to

24 that originally intended by the USEPA in deriving the national AWQC (USEPA 1994) in laboratory

25 water.
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1 22. In-stream base/stormflow monitoring in Miller, Walker, and DesMoines Creeks. More

2 recently, the Port initiated a monitoring program in 2001 to characterize in-stream flow, waterborne

3 metals concentrations, and various chemical parameters (e.g., TSS, DOC) in the streams draining the

4 Airport and other uses in the vicinity of the Airport. The program is in its early stages and only about

5 20% of the sampling events to be monitored have been completed. However, the results to date are

6 interesting and can tell us quite a bit about the status of the streams. The sampling locations have been

7 selected to properly characterize the influence of stormwater discharges from STIA on Miller, Des

8 Moines, and Walker Creeks. The monitoring stations are described below:

9 Reba Outfall: The Lake Reba Stormwater Detention Facility discharges to Miller Creek. The

10 Lake Reba outfall integrates runoff from subbasins SDN-1, SDN-2, SDN-3,SDN-4 and the north

11 employee parking lot (NEPL) into a single monitoring station prior to discharge to Miller Creek. In

12 addition to the Lake Reba outfall, sampling locations are also located on Miller Creek approximately 30

13 meters downstream and upstream of the Lake Reba Outfall. Among several non-Port drainage areas,

14 portions of SR518 drain to both Lake Reba and Miller Creek upstream of Lake Reba outfall.

15 Miller Creek @ 8th: This sampling station is below all current and planned future airport

16 drainage to Miller Creek, including the third runway expansion. This station integrates all flows in the

17 reach downstream of the Lake Reba Outfall, including considerable non-Port portions of the watershed

18 (City of Burien). The station is located at the upstream end of the culvert crossing under 8 thAvenue

19 South.

20 Walker Creek: The primary sampling station is below current Port operations and most of the

21 construction activity related to the SR509 off-ramp construction. This "south" station is approximately

22 30 meters downstream of the water quality pond and groundwater bypass outlets in Walker Creek near

23 the S 176 thSt. overpass. An alternative station has been used to capture the remaining SR509 off-ramp

24 drainage area added downgradient of the primary station and draining to the "north" of the existing

25 water quality pond.
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1 Northwest Ponds Outlet: This sampling station captures discharges from SDS-2, SDS-3, SDS-5,

2 SDS-6, and SDS-7, as well as non-Port commercial areas and roads in the Cities of Burien and SeaTac.

3 The station is located at the Northwest Ponds Outlet to the West Tributary of DesMoines Creek.

4 Des Moines Creek East Tributary: This sampling station will evaluate water quality downstream

5 of SDS-1, SDE-4, and the City of SEATAC runoff. The station is located 30 meters downstream of

6 SDS-1. The stream at this point also receives drainage from considerable non-Port

7 commercial/residential areas and roads in the City of SeaTac.

8 Des Moines Creek Weir: This sampling station is below the confluence of the East and West

9 Tributaries of Des Moines Creek and is intended to include discharges from SDS-4 in addition to all

10 other upstream discharges (e.g., SDE4, SDS 1, SDS7, City of SeaTac).

11 Sampling for the Monitoring Program is divided into base flow events and storm events---3 base

12 flow and 2 storm events have been sampled thus far. Each sampling event was up to 48 hours in

13 duration, although the exact duration of monitoring during storm events was determined by the resultant

14 hydrograph at each station. Base flow sampling occurred after at least a 72-hour dry period where no

15 measurable rain was recorded. Base-flow event sampling occurred every 24 hours during the 48-hour

16 sampling period (i.e., at 0, 24, and 48 hours). Base flow samples were collected from nine locations in

17 2001. Generally, one grab sample was collected each sampling day from each site, however some

18 samples were collected in 12-hour time composites or two grabs on each sampling day. Storm events

19 were generally targeted according to the criteria in the Port's Procedure Manual for NPDES sampling

20 (rainfall >0.20" preceded by not more than 0.10" in the previous 24 hours. One-liter grab samples were

21 collected hourly for up to 48 hours during each sampling event, samples for analysis were selected every

22 4 hours, in addition to others thought to represent flow-peaks or other periods of interest.

23 23. This study has multiple objectives: 1) to determine the existing status of compliance with

24 state standards in Miller, Walker, and DesMoines Creeks, and 2) to determine the metals translator for

25 Cu and Zn at the specified sampling locations. The program has focused on copper and zinc because
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1 subsequent monitoring efforts conducted by the Port at existing stormwater outfalls for the 13 priority

2 pollutant metals listed by EPA has shown that for all the priority pollutants except Cu and Zn, those

3 pollutants are either below detectable levels in the Port's stormwater or those pollutants are seldom

4 present and below levels of concern.

5 24. Mean concentrations per storm event were calculated and compared to calculated time-

6 weighted chronic water quality standards (standards were time-weighted to reflect storm-related shifts in

7 water hardness). Time-weighted averages were based on three grab samples, collected at 24-hour

8 intervals for base flows (August, September, and October), and on a series of samples (every 4 hours,

9 plus other samples selected during peak flows) taken during a 48-hour period coinciding with rainfall

10 events. Both base and storm water flow sampling occurred over a total of two days (approximately 48

11 hours). Arithmetic means were calculated for concentrations of Cu, Zn and hardness for each event at

12 each station. Chronic water quality standards were calculated based on these time-weighted hardness

13 means and compared to average metal concentrations.

14 25. The preliminary testing to date shows that there are no exceedances of the state's chronic

15 water quality criteria based on 48-hour average measured concentration for either Zn or Cu at any of the

16 monitored stations - in Miller Creek, Walker Creek and Des Moines Creek.

17 26. The results also show no exceedances of acute quality standards for both Zn and Cu

18 copper in Miller and Walker Creeks. This suggests that water quality standards can be met in these

19 creek systems, perhaps even without a WER standard.

20 27. The results have shown limited exceedances at some locations for some storm events in

21 Des Moines Creek. This is consistent with prior data for this area. It should be noted, however, that this

22 area drains both a section of the City of SeaTac (International Boulevard) to the east and an industrial

23 area to the west, so as yet it is not possible to attribute any exceedance to the Airport.

24
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Mar-07-02 12:27A

_0o2

} 28. Withrespecttocopper,however,therange-findingWER studiesforcopperhave

2 indicatedthattheWER processrequiredbyEcologywillresultinaWER thatwillbchigherthananyof

3 theobservedcoppcrexccsdances.Thus,Ithinkk islikelythatdefilfitiv_WER studieswillconfirmthe

4 previousrange-findingresults_d, ifadoptedbyEvology,wills_ aaattainable,s/to-specificwamr

5 qualiWstandardforcopper,cvcaifthecopperconcentrationsinD¢_Moincsareattributabletothe

6 Airport(bothzincandcopperareacommon consfiu.tcntofroadwayrunoff).

7 29. With respect to zinc, WER stttdics will be undertake_ p_saant to lh¢ re,quilerneats of

8 Ecology's §40]Certification. [fresti/ts are similar to the WER studies for copper, it will result in an

9 increased s_te-spccific standard, but it is not possible yet to tell the :n_gnitude of the increase. Because

10 the zinc excecda:tces are izlfroquent,of shortduratioth and arcnot _,articularlyltigh, however, I am

11 confideI_{that water quality standards for z/nc can be met either thr3ugh a WER or tkl-ougha W_R in

12 combinati(m with water quality BMPs thatremove zinc from stormwatcr and that can be imposed by

13 Ecology daring _¢ NPDES process, I tmdcrstand that various BMPs for zinc removal aredi_ussed by

14 Dr. Charles Wisdom in his testimony to the Boa__ I would also aot_ that facilities such as Lake geba-

I5 a Port stom_wat_ management facility locatM in the Millm, Creek basin - have proven to be effective at

16 renaoving zinc from stormwatcr.

17

I declare u,nderpcmaityof perjury uader the taws ofth_ state of Washington that the18

19 foregoing is true and corrct;t.

Execmed at Kkkland, W_h£ngton, this _ day of Mm'ch 2002.20

.._f/_"_..-,e-_____
23 William A. St_bblefi¢ld, Ph.D.

24
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WILLIAM A. STUBBLEFIELD, Ph.D.

ADDRESS
ENSR Corporation
Environmental Toxicology and Risk Assessment
4303 W LaPorte Avenue
Fort Collins, Colorado 80521
phone: 970-416-0916
fax: 970-493-8935
wstub @lamar.colostate.edu

EDUCATION
Ph.D. (Aquatic Toxicology) University of Wyoming, 1987.
M.S. (Toxicology/Toxicodynamics) University of Kentucky, 1979.
B.S. (Biological Sciences/Chemistry) Eastern Kentucky University, 1977.

SCIENTIFIC SOCIETY AFFILIATIONS
Society of Environmental Toxicology and Chemistry
Society of Toxicology
American Society of Testing and Materials
American Chemical Society
Rocky Mountain Regional Chapter of the Society of Environmental Toxicology and Chemistry

PROFESSIONAL HISTORY
1987-Present ENSR Consulting and Engineering
1998-Present Colorado State University Department of Environmental Health, Affiliate Faculty
1990-PresentColorado State University Department of Fisheries and Wildlife Biology, Affiliate

Faculty
1985-1987 Mobay Corporation; Health, Environment, and Safety Division
1983-1985 University of Wyoming, Fish Physiology and Toxicology Laboratory
1979-1983 Exxon Corporation, Research and Environmental Health Division

PROJECT EXPERIENCE

• Exxon Company USA - Evaluation of the Toxicological Effects of the Exxon Valdez Crude
Oil Spill. Designed and supervised a toxicology testing program to assess the toxicity of
spilled crude oil in Prince William Sound, Alaska. This program included evaluation of
potential effects to both sediment and water-column dwelling organisms as well as a
characterization of the toxicity of weathered crude on terrestrial and avian species. These
efforts were conducted in support of a natural resource damage assessment.

• ARCO - Evaluation of Metals Toxicity on Aquatic Organisms in Montana's Clark Fork
River. Project manager to evaluate potential effects of metals exposure on aquatic organisms
in Montana's Clark Fork River and to support natural resource damage injury claims. This
river has received input of heavy metals (e.g., copper, zinc) derived from old mining wastes.
The project required the design and conduct of several types of laboratory studies to evaluate
the roles of: metals bioavailability, potential metals interactive effects, site-specific water
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quality, and metal sensitivity of resident fish species in determining the expected
environmental effects of metals contamination.

• Waste-Tech Services, Inc. - Evaluation of Potential Ecological Risk Associated with the
Operation of a Hazardous Waste Incinerator and Stabilized Ash Landfill. Project manager
for a risk assessment evaluating potential adverse effects to aquatic and terrestrial ecological
resources resulting from airborne (stack) and fugitive emissions from a hazardous waste
(primarily petroleum-based) incinerator and adjacent landfill. The project included airborne,
surface transport, and partitioning modeling to determine maximum environmental exposure
concentrations surrounding the proposed facility. Criteria/standard values, background
concentrations, and toxicity data were used to determine acceptable environmental
concentrations for materials identified as chemicals of concern. Ecological risk was
characterized based on a tiered (decreasing uncertainty) comparison of exposure and toxicity.

• Confidential Client - Evaluation of the Aquatic Toxicological Effects of a Variety of Crude
Oils and Petroleum-Derived Products. Designed and supervised an aquatic toxicology
testing program to assess the toxicity of various crude oils and petroleum-derived products to
freshwater and marine organisms. Testing was conducted in accordance with U.S. EPA
Good Laboratory Practices using both static and flow-through methods.

• Sante Fe Southern Pacific, Inc. - Salem, Oregon, Gasoline Spill Impact Assessment.
Designed and supervised an evaluation of impacts to a lotic environment as a result of a
gasoline spill. The client desired a scientifically accurate evaluation of the short- and long-
term impacts to exposed organisms in a freshwater stream. This program consisted of stream
sampling for fish, water quality, and stream benthic invertebrates as well as toxicity testing of
site waters.

• Confidential Client - Drilling Mud Reserve Pit Wastes Risk Assessment. Project manager
for a risk assessment of the potential adverse environmental effects that may come about as a
result of drilling mud reserve pit waste disposal practices. Overall project approach included
estimations of the environmental fate of waste components and estimations of toxicologic
consequences of waste exposure.

• ASARCO, Inc. - Evaluation of Heavy Metal Contamination in the Arkansas River, Colorado.
Project manager for several types of investigations aimed at evaluating the potential impact
of mining-related, heavy metal discharges on the Arkansas River. Studies included a
comparison of instream fish population data with those of other rivers in the state, ambient
water toxicity studies to evaluate the effect of the discharges on the existing metal
contamination, and site-specific water quality criteria evaluations for possible application to
the Arkansas River.

• BP Exploration - Evaluation of Bioaccumulation Potential of Drilling Mud Reserve Pit
Wastes. Project manager for investigations to evaluate the bioaccumulation potential of
drilling reserve pit constituents in tundra on Alaska's North Slope. Contaminant
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concentrations in water, soil, phytoplankton, zooplankton, and terrestrial plants were
evaluated, and the ecological hazard associated with oil drilling waste disposal/storage was
assessed. Subsequent studies addressed issues associated with consumption of reserve pit
constituents by caribou using pit areas as refuge from insect irritation.

• Arizona Dept. of Environmental Quality - Surface Water Quality Standards Review
Committee. Member of a state-sponsored expert review panel to oversee scientific
development of surface water quality standards for the State of Arizona.

• Ashland Oil - Evaluation of the Toxicological Effects of a Large Diesel Fuel Spill. Designed
and supervised a large monitoring/laboratory testing program to assess the toxicity and
impacts of spilled diesel fuel in the Monongahela and Ohio Rivers. Studies conducted
included acute toxicity tests with collected river water samples and detailed analytical
evaluation of contaminant concentrations.

• Mercury Marine - Toxicity Identification, Confirmation, and Mitigation. Identified carbon
monoxide in toxic concentrations in a receiving stream and confirmed it as the cause of
mortalities during in situ bioassays and as a contributing factor to fish die-offs in the
receiving water. Mapped carbon monoxide concentrations on a lake/riverine system.
Assisted Mercury Marine with the design and implementation of mitigative measures.

• ARCO - Ecological Risk Assessment for a Sediments Superfund Site. Evaluated ecological
risk associated with exposure of water column, benthic, and soil dwelling organisms to
mining-related heavy metals contamination of reservoir sediments. Environmental exposure
concentrations were determined and compared against literature-based, regulatory-based, and
empirically based benchmarks of toxicity to provide a comprehensive risk characterization
for the site. A multitiered approach was taken to identify potential chemicals of concern,
screen them for toxicity, and make recommendations about site remediation. Results of the
assessment were used to respond to a parallel ecological risk assessment prepared by the
USEPA as part of the Remedial Investigation/Feasibility Study for the site.

• ARCO - Development of Site-Specific Water Quality Criteria for Metals in the Upper Clark
Fork River, Montana. Developed and conducted a comprehensive testing and analysis
program to derive un!que water quality criteria for metals in the Clark Fork River that took
into account the potential attenuating effects of site-specific water quality characteristics on
the toxicity of metals. In accordance with the USEPA's Indicator Species Approach, acute
and chronic toxicity tests were conducted in site and laboratory-reconstituted waters with
invertebrates and cold/warm water fish species. The relative toxicity of metals in the two
water types was evaluated to derive Water-Effect Ratios to be used in criteria development.
Results of the studies indicated significantly reduced metals toxicity in site waters and
provided the justification for site-specific criteria modification.

• Burlington Northern, Inc. - Evaluation of Natural Resource Injury as a Result of the Nemadji
River Derailment. As part of a project investigating potential effects from the spill of a
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refined petroleum product into the Nemadji River, Wisconsin, developed and conducted a
testing program to evaluate possible toxicity stemming from exposure of benthic organisms
to elevated sediment hydrocarbon concentrations. Also evaluated the environmental fate of
the spilled product and contributed to a testing program investigating the toxicity of the
Water-Soluble Fraction of the spilled product to warm water fish species. Results of these
studies were used in the Natural Resources Damage Assessment associated with the incident.

• Aluminum Company of America - Review of Terrestrial Toxicity Testing Methods and
Regulatory Status. Conducted a comprehensive literature review and prepared a white paper
highlighting the advantages associated with including terrestrial toxicity testing strategies in
site assessments and hazardous waste cleanup operations. Demonstrated the utility of
substituting toxicity endpoints for chemical standards when setting site cleanup guidelines.

• Navy CLEAN - Lower Sasa Burn Pond Screening Ecological Risk Assessment. Evaluated
potential ecological risk associated with elevated concentrations of metals and PAHs in
wetland soils. Historic operations at the pond included burning waste oil/water mixtures and
discharging them into the wetland. Soil contaminant concentrations were evaluated in light
of terrestrial toxicity bench marks, chemical and receptor distribution patterns, site-specific
toxicity tests, and PAH tissue residues from site-collected organisms. Analyses indicated
that wetland soil contamination was restricted to a limited portion of the area under
consideration; minimal adverse effects were indicated for resident ecological receptors and
wetland productivity.

* ARCO - Warm Springs Ponds Biomonitoring. Prepared the work plan and oversaw the
ensuing field efforts associated with an evaluation of the chemical, toxicological, and
ecological status of former metals tailings settling ponds now undergoing closure and
conversion to wildlife refuge habitat. Sediment, water, and tissue (fish, invertebrates,
waterfowl) metals concentrations were surveyed. Sediment Toxicity and benthic community
structure were also evaluated.
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1. INTRODUCTION

This report summarizes the procedures and results of biological testing conducted on site water from

Seattle-Tacoma International Airport (STIA) for the Port of Seattle (POS). The purpose of these tests is
to provide screening-level toxicity information in anticipation of formal tests that will be used to set site-

specific water quality standards via a water effect ratio. Site water consisted of receiving water, outfall
discharge, and a mixture of the two.

All biological testing was conducted by Parametrix's Environmental Toxicology Laboratory in Kirkland,

Washington. Analytical chemistry was provided by Aquatic Research Incorporated in Seattle,

Washington.

2. SAMPLE SOURCE AND HANDLING

Samples were collected according to the Storm Water Quality Sampling and Analysis Plan (SAP)
dated December 11, 1998. Highlights of these procedures, as well as minor deviations from this plan,
are described below. Pertinent client and sampling/test information is summarized in Table 1.

Table 1. Screening-level study: summary information.

- _ Clientname Portof Seattle

Parametrlxjob number 55-2912-01(61)

Date of sampling January 14, 1999

Toxicity testingrequirements Acutescreening-levelCeriodaphniadubiabioassays

Samplelocation Seattle-TacomaInternationalAirport

Nameof receivingwater Miller CreekUpstreamof LakeReba
Miller CreekDownstream(@ 82Ave. S.)
Lake RebaOuffall toMillerCreek
Walker Creek @SR509
EastBranch Des MoinesCreek @fork
West BranchDes MoinesCreeknearfork
STIAOutfali SDS-3 (005)
Cityof Sea-TacStorm Outfalito NW Ponds

Samples collected by Ron Simmons, Justin Kophs

Samples were collected at eight locations (Table 1) during a storm event (as defined in the POS

Procedure Manual for Stormwater Monitoring) on the morning of 14 January 1999. The antecedent

dry period preceding this storm was 86 hours. Precipitation started at 1600 on 13 January and ended
at 1600 on 14 January 1999; samples were taken from approximately 0700 to 1000 on 14 January.

Approximately 1.18 inches of rain fell at STIA during this 24-hour storm. Rainfall intensity

Parametrix, Inc. 1 February 1999
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increased from the beginning of the event through the three-hour period in which the grab samples
were collected.

Parametrix staff collected two-liter grab samples at 15-minute intervals over a three-hour period from

seven of the eight sampling sites. Field staff approached sampling locations carefully from
downstream to avoid stirring up sediment and compromising sample integrity. Water level (stage)
was measured in the culvert immediately following each grab sample. Temperature and pH
measurements were recorded at least once during the three-hour event at each location. Field data

(i.e., date and time) were recorded in field data logbooks currently located in project files at
Parametrix.

POS staff collected samples at the eighth location (SDS-3), with an ISCO sampler programmed to

take flow-weighted composite samples.

Samples were placed on ice immediately after collection, and delivered to the Parametrix laboratory
shortly after collection of the last grab sample at each location. Within 4 hours of receipt by the

laboratory, all grab samples were flow-weight-composited into a 10-liter cubitainer based on flow
estimates. Flow at each location was estimated by entering stage measurements into the Manning or

empirical stage-discharge equations.

Sample water from SDS-3 was mixed with sample water from Miller Creek Downstream and Walker
Creek sites to represent the proposed ratio of Third Runway stormwater to receiving water. SDS-3
stormwater, which almost exclusively drains runways, taxiways, and infields, is assumed to be

representative of future stormwater from the Third Runway. The proportions of these mixes were
estimated to be 1 part SDS-3 to 5 parts Miller Creek Downstream, and 4 parts SDS-3 to 1 part Walker

Creek based on hydrographs generated using HSPF.

Subsamples for analytical chemistry were decanted from the ten composited samples into clean

bottles provided by Aquatic Research (samples volumes for dissolved analyses were filtered through
a 0.45 #m filter), immediately after compositing and mixing. The subsamples were delivered to

Aquatic Research with completed chain-of-custody forms on 15 January at 1300, approximately 30
hours after collection.

Two liters of each sample were used by Parametrix for the 48-hour acute screening-level bioassays.

Quality assurance and quality control elements addressed during sample collection included:

• bottles labeled with the location and interval designation,
• bottles rinsed three times with ambient water,

• samples collected in new (or cleaned by the analytical lab) HDPE bottles,

• bottles inverted before being placed in water for rinses and grabs (to minimize collection
of surface water),

• interval samples placed in a cooler with ice to maintain the samples at 4°C.

Parametrix, Inc. 2 February 1999
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3. SCREENING-LEVEL BIOASSAYS

Two liters of each sample were used by Parametrix for the 48-hour acute screening-level bioassay.
Test conditions are summarized in Table 2.

Table 2. Sunnnary of test conditions for the acute screening-level Ceriodaphnia dubia bioassay.

Test Dates 15-17 January 1999

Test Protocol Washington State Departmentof Ecology, WAC Chapter 173-205, 1993; WDOE
Publication No. WQ-R-95-80; andMethods for Measuring the Acute Toxicity of
Effluents and Receiving Waters to Freshwater and Marine Organisms (USEPA
1993).

Test Material Composite samples of site water from at Seattle-Tacoma International Airport

Test Organisms/Age Ceriodaphnia dubia (water flea); < 24 hours at initiation

Source of Organtqms In-house cultures

Acclimation Period None

Number/Test Chamber 5

Volume/Test Chamber 25 mL

Test Concentrations 0 and 100% site water

Replicates Four

Reference Toxicant Copper as copper sulfate

Test Duration 48 hours

Control/Dilution Media Natural spring water; Gold Creek Trout Farm, Woodinville, Washington (80-100
mg/L hardness as CaCO3)

Preparation Date of Control/ 12 January 1999
Dilution Water

Pretrcatment of Dilution Water None

Test Chambers 30 mL polypropylene cups

Lighting Fluorescent bulbs (50-I00 foot candles)

Photoperiod 16 hours light; 8 hours dark

Aeration None

Feeding None

Renewal None

Temperature 20 + I*C

Chemical Data Dissolved oxygen, temperature, and pH at test initiation and every 24 hours;
conductivity at test initiation and termination; hardness, alkalinity, salinity,
ammonia, and residual chlorine at test initiation for 100% site water

Effect Measured Mortality

Test Acceptability Controlmortality <10%

Endpoints reported Percent survival in 100% site water
Lowest observed effect concentration (LOEC)
No observed effect concentration (NOEC)

I
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4. RESULTS

Records of biological and chemical data collected during testing and the statistical analyses used for

reporting are included in Appendix A of this report. Water quality parameters are reported in Appendix
B. Hydrographs for Miller and Walker Creeks were generated using HSPF and are included in
Appendix C of this report.

Bioassay results are summarized in Table 3 below. Overall, there was 100% survival in 100% site
water for all ten tests, NOECs of 100% site water and LOECs of >100% site water. Control responses

and reference toxicant results were within acceptable ranges for all ten tests.

Table 3. Summary of bioassay results.

Percent Survival

Sample 100% Site Water NOEC LOEC

Miller Creek Downstream 100 100 <100

Miller Creek Upstream 100 100 < 100
STIA Outfall SDS-3 100 100 <100

City of Sea-Tac Storm Outfalls 100 100 <100
Walker Creek 100 100 <100

Des Moines Creek -West 100 100 <100
Des Moines Creek -East 100 100 <100

Lake Reba 100 100 <100

Mixture: SDS-3 + Miller Downstream 100 100 <100

Mixture: SDS-3 + Walker Creek 100 100 <100

5. REFERENCES
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WDOE. 1997. Laboratory guidance and whole effluent toxicity test review criteria. Washington State
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STATIC ACUT_ Cer_Maphn/a dubla TOXICITY TEST t !

Sample ./_¢'_ Test lnititafion Time - [L,_' _)

TcstDates "_/1_--1/['7t_ SourcelAgeofO_anlsms "_y_ hi_id'.gP.,,_-,_q hoL/¢-._

To_c'_ .,y0 _:20 Day1 30 D,y__

Number of [ Dissolved Oxygen Specific

O_anisms I pH (rag/L) Conductivlt,v(p.S)

Cone. Rep. 0 ! 24 i 48 I 0 t 24 I 48 t 0 I 24 i 48 0 I 48

_°°_'_ '< _ i : i _ ...._,_.L_.,_...t._<s..._!....._,__l_..<_y._ _-_/
t _ _ I : iiiiiiiT_i!!!Til!!7!iiiiiiTililiiiiiii77iTi!7!iiTi!iiI7!17!iiiiiiili_7Iiii!iT_iTii_7_iii#7!IiiTii!Tii!iiiiTi1{ilili;iiiii!71iiTiiiiiii!iiiT!i77i_fiiii!iiiii!iiTiiiiiiii®iii_'<:_"'_<.'_":_.....c _ s- I r _i7!ii_7_i_f#!i7!!ii_i_ii_i_ii7i_i7_!_iiii!77i7_!!7!i_77_i_7_ii_i_7_ii_#i7_j1_i_!_ifi7_gii_!i_!i#_ii_i!_i_D!!!_!_i!_7_.._%i_i_:i_i_i_i_.`.._:._::.`.:_`_`..-_4_!4{i_1ii_i7:i:

: {:{:i::i'i::..'/;i:i:i!_;{{:ii!"[':i[i:_':::_:i:_iT:.:_.:i:i:;i[::/-7_!i:ii7{::'.'-'i:7;{:i;i:Tii::[:i[i:i:::Tii:ic.;.;.:,:.-;,;.;-;.:,.,,.-:.:-:::,;:7:i_:i{:;::::::i::._;::_':i:il:";:/_'_::_:;:::::/:;:'::::::

I_ I_ _ _7#_i7i7#i#_i_if_!7!_i_1_i1D_7!ii_._77_i77_!_iiiiii_fii_77_7!_i_i}_7!i_i_7!i!_!!_i_i7_#_7_7_17_i_i_i!74I_...:.%#_ii_7_:_.```'._"_'_'_

I D _ I ; I _ _ii_iiiii_i_!_i_i_i!ii_ii_iiiiii_!ii_:_iiiiii!ii_iiii_!_iii!_iiii_;iiiii_i_iiiii_ii!i!_iiiii_iii_ii_i_%i!%_i_:_!i_i_ii_ii_i_:_i!_:_i_i_i_i_ii_iiii__iiiiiiii_!!_i_i_iii::i!ii!i;illiiiiiiiT_!_iiii_iiiiili4_iiii:i:_.%_%i
I A / i " ' '

:::::::::::::::::::::: ;::::::::::.:;::::: ::::::::::::::::::::: :i:::.):::;:::::_.:::::.::77!i!...:._[:._[7[;:]_7_:.:._7:_[!7[

c _!#i_i_:_!_i_!_!_7i7_i_iiii_i!iiii!iiii7_f_i!ii_i_ii:.._i_i_/:_iiii_{7{_i_:_ii7!_!_!!i!if!iii77!7'_!!!i!ii_77_7!i_i_7_i!i7!i77i!7!ii_iiT!i!i!i!i!i!i!iiTil.... iiiiiT_i!iiii!fiii1771iii]!_,,::::..,_..-...,:.._..._..,._::__<:_<:_
t D 1 i_ii!#_ii_#!_i_ii!_iiI_ii_!!iiiiii!iiiii#ii_i_!!ii!!!i_iii_i!!!iiiiii_iii!ii!iiiii!_i!i_iiii!!!i!i_!#!!i_i_i_i_i_!_iiiiiii_:..!!!ii_i_!iii!!iii_._._:_`_`_:__''::``::''':`.'.,::'_'_'_':<.,.:`:_..,,_.,:,:::_::,::.:::::<._

A t i t I
:::::::::::::::::::::::::::::::. .:. :.: ::::::::::::::::::::::::::

:!:_$_::_.'.4_7_i_?.._:.:..::>'..:_.:<.:.._:.._,:.:
i:.:!iiiiii'_'_!i:iiii_i?f:i!iiii_.i:_iiii!ii_ii:ii_:_i:::_!:i:.:i:i::::;:;:_iii_:i-ii_ii..:i_iii:.:i:..::i!i_i_.'.:iii ...."'" ................" _<.:;..:_t.::_::._i_.i_i:::::::::::::::::::::::::::::::::!_._':_:_!:__:-':._:_

I A I I I I ! i I
1

I _ t iiiiii_i_iiiiiii_iiiiiTN!iiiiii_iiTii77Iiiii77iii!iiiiTiT!iiiTi!!Tiiiiiii}iiiiT':_iiiiTiiiiiTii....................._.:.<:.'..,,_,_.:._:,:,,,"_><:<................1 _ i t !_77i_7_i_ii_iiii_i_L_!i_ii_71i!ii_i_ii_7ii_i_ii_ii_i_7i_7_7iiii7iii_ii_7i7ii!_iiii7_i{Tiiiiiiiii!iii771!i!!!i{!iiiiiiiiilliiiiiiii!i,i!iii_,ii!i!fii!iiiiiii'_''''_`'_'`'_''_.<.:,._._:_._._,:_...:.<_::..:

t _ I i!ii!iiii{!iiTiiiii{!f!i!ii!!#iiiT_.'..-iiiiii_7!i!iiiiiiiii!ii#_f_ii_!_#7iiiiii_!_i_!i7!i_i7ii7ii_!_ii7_i_ii_i7_iii!i7_i_iii!i#_!iiiii7ii7i_ifi!i!iiiTiiii777iilfiiiiTii_i_i_i_ii_ii_i::_i_i_iTii_i:_.................._:::::_":_
1 t

c l!iiiiiiiiiiiii_iiiiiiTi#iI_iiii_iiiiTi_i!iiiiii!i::#iiiiiiiiiiiiiiiii_iiiili_ii!!!iiiiiiiii!!!ii_iTiiilliiiii_iiiiii_7_iiiiiiiiliiii_!iliiii!iiiiiii!_i!i!iii_i!iiiliii!iii_iiiiiiiiii_iliiiii_i_.:..,.'_!_ii_i_i_i!_!',:::::::::::::::::::::::::::::
t D 1 li!i_!_i_iii!iiii!ii!i_!ii!i|i!ii!i!i!!iiiiiiii!ilili#!":::::::::::::':'::::::':'::........................._:::":'::::........

I A l iii!iTi_ii_}i!!iiiiiiiiiiiiili I 1 ti
{i!7iiiTi{i#iiiiiT!f_711iiii77_iii_7i!iiii_iiiiiiili!_iTii#ii!iiiii#!i!i#iiliiiii#iiiii#iiiii77ifi_iiii!71i',iiii!ii!iiii!iii77iiiiiiiiiiiiiiiiiff!iTiii#iiiii_:.-..:-,_-._:_:_+_,+,:+,,,,_"':""_'_"_':'+':"

c f_iiiifi_ii_!_#i_i_!_!_i_!_!_i_iii!i!i!i!i#i!!iiiiiii!!!iiiiii7_!iii_i_i_ii_!iiii!!_i_!!!i!_ii!!ii_i_iiii_iiii_i_i_ii_i_i!_i_iii!iii!i!i_!!i!_!i_!!!_!_:_._.:_.:_.:_:_:_:_<_>.:._:_L_:_":_"_`_.._`:_._._._._._._i__<;;;;:;;,;;;:".;'_:;;,..;;;;,_'_"-:."_':."_':_'
I lii!iiiiiiiiiiiiii!iiiiiiiii!iTi',iiiiiiii!iTiiiiiiiiiiii_iiiiiT'.iiiiii_.i_iii_i!!!_i_ii_iii!i!iii_i_ii_ii_i_ii_i_ii_iii_i_i_i_!iiiiii_i_iiiiii!iii_ii_iiiiiiiiiiiiiiii!iiiiiiiTi!_Ti_iiiiiiTiiiiiiiililiiiii!71iiiii!_ii_!iiii!_ii__-__

:

- Shadingrepresents areas forwhich data collection is not required.

NT = NotTaken _'_:

Comments
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STATIC ACUTE Cerlod_hnt,, dubla TOXICITY TEST
/ __

.i "--_:/_" Testl._fimdonTimeS,mple _ _C V .

Te_ Dates _[15-- [!_D/_ Sourc_Age of Organisms "_v_ _ _U..-_ f--.,_,4 h_., FI_"

Temp ('C) Day 0 _ _ Day 1 _ Day 2

Number of Dissolved Oxygen !Specific I

Organisms pH (rag/L) ]Condu=|ivit_ (_) ICone. R_. 0 I 24148t 0 I 24 [ 48 0 [ 24 J 48 0 I 48

co._' I A I ___ I _"-_ '5- I _.'_,_o.._ ,_._. , _,_ l_.c_ '_.V" :37.--_: '

I _ I _ I<_ Iv _i:i::::i:i:i_::::_:ii:_i:_!!i_::iiii:_::i_iiiiii::i!i_i:i:ii_ii::i:::_iiiii_i::i!_::ii:i!:iii_i:_::_i:ii:i_!:i:ii_i:i:i:i:i:iI:!_:iii_:_i::iii:_i_iiii::::i:_`:::_::i:_!_::_i:..:.....:.::i::i:`.:i:

i I I I I...... , i i • ! I

I _ I J ! l ! I t ! I
::_i::iii!!iii_:_i::iii:_i_i_ii_iiiiii:iii:iii_iiii:_i_iiiiiiii:i:_ii:_iIii:_iii!iii_iii!_:i:_ii:ii!i!i_:i:i::_:i:_iii_i_ii::iii_I :::_:_:i:iii:ii::ii:ii!iiiiiii:i:::Ii::::::ii_i:ii_iii:

I. I Iiiii::::i:_ii:iI:_i::iiiiii::iiiiiiiii:::::_ili:iii::_iiii;:iii_i::iiiiiiiiiiiii:iiiliiii:iiiiiiii:iiii!iii:iii::::;iiiiii_ii4i:iiii:iiiiiiii:i:i

I : " I l [. : _l : it.. :...._l , , , / I t l i

I _ I i I I I :el

o.,ol_l'kAI:g/_rl'h:I'/,_I,_f-Y-_,//( I'K; I:f;-_l_ I,/T:I
Shading represents areas for which data collection is not required.
NT = Not Taken

i
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_rATI'C ACUTE;C_h_ d_ TOXICITY TEST

!Joc,,. pos I lq q
s._, _..._-g2_ T°,,1_,i,-,ionTi,,, ' !,Z_W_
T,stD,_, t -I_- '_ -- I h-/l'_l So,.rce/AgeorO_,nisms _-, h_a.r_, ( _ _r__,..,-_

T°_pc-c) D,y0 ___ D,y] 0_b D.y2 _.o

I Numberof I I DissolvedOxygen ISpecific

O_anisms pH I (m_/L) !Conduclivit_(_S)

co.o. _.. o I :4 I 4_ I o I :4 f 48 ! o ! _.4 i 4s I 0 I 4s

I 8 I •_::.i:-i-_i_i---_..-i&_:-i:.:i_!i::!_--,(.-.:!:!:ii.:--i__.:.qi_-_;-_:..,._!-:-.:_-_-i!.;?i.i-_!:.i.:.:_i:!_i:!:i::!._!...:_:'.f!i.:_i!i_:!:.:.-_:_::_ii.-i.-':!_i!-_.::i_i--__h:ii::i_:_.!_:.:__..;i:7_::_:::_-:_:_i,-:i:i_.:::_:::i::

g'- I_ ....:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::..............................::........................
_i!iii!ii_i!iiiiiii!!i!li!!!:.y!li_iiii!_i:!_! .......:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::.......................:::::::::::::::::::::::::::::::::....!i!i_i_i_ii#_i_I!i_ii:i%ii_iii_!_i_!_:::::_:9.::.:_*::_:_:L..:_:_.`:....*::_::".:_:::".::.`::::::_:::_::`:_:<..`<:_:_:_:.:::_`::":::_....

1 D I _" _ ............:::::::::::::::::::::::::::::::::::::::::::::::::::::::::-:;_._i_.s':,s:_:a

t I!!_!_!i_!iiiNi!!iiiii?!I_#!ii!!i_i!!i!!_!:_i_!!!iii_i:i_!_iii!iii_ii!_i_i!i}!ii!!ii_!_iiii_iiiiii!i;iiii_ii_ii_i!_:iiiii!_i_i!_iii:_:i:7_Ii_iii_ii_i_!_!_iiii_!_i!iii_i_ii!!!_!!i!!ii_i_!_!::i_i_!!_iiii_ii!ii_ii#ii!ii_!iii!i!ii_i!ii_ii_

ii

A I I t t l t I I t I I
B _-_ii::iiiii_i_i_ii_i::iiii::ii!ii!!iiii::iiiiiiiiiiii_i!i_ii::iii::iiii7iiii_iii_iiiii_iii::i!iiiiii:::i;::i_i::i!i_iii::iiiii::i::iii:,i_i!i::iii_i::iil::ii::i::i_,.:iiiiiiiiiiii_iiiiii!iiiili::_iiiiiiiiiiiiiiiiii_iiiiiiii::iiiii::i!!i_iiiii!iiiiii!ii_iiiiiiii|iiii_iiiiiiiiiiiii_iiiiiiiiiil_

t

I
:::i] D.,.II/'/:-I'f/_ ! _[iG"!"/::l '7/u_7_3- '/W" 1.'t'/D!(:/._t '/':bl'/_'_ I,

Shading represents areas for whichdata collection is not required.

NT -- Not Taken
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STATIC ACUTE Cerlodapknladub/aTOXICITY

s,,,_le _ _C V -

Tcmp (°C) Day 0 _.__7 Day I _ Day2

Numberof ! DissolvedOxygen [Specific

Organisms pH t (m_/L) iConductlvit_(/._)
Cot==. gep. 0 I :4 t 4s 0 I :4 ! 4S o J :4 i 4S i o j 4S

B -<" _ Iiii!;_!iiiii_i_7_ii_iiii#i_i_#_!i_i®_i_!_iiiiii_iii_ii_iiii_!_i;t:ii;_!i#iii_!i_!_ii!_:i1_ii!i%iiiiii;iiii!iiii!i_i_i_!ii_!!_ii_ii_i_iii_i;_!_i!i:_i_iiii_iiii_iiii_i_ii_i_;_iI c I S- s-- _ _i_!i_!i_!_i_i_i_!iiiii_!_%ii_i_i_iii_ii!iiii_!iiiii!!!_!;i_ii_ii_ii_ii;i;!iiii_7ii`_iii_iiiiii!_i#_i_ii!;_ii1;_iiii_i_I_i!_i_;ii_!iii!ii_!!!!iii!!i;__"_'.",_-:'_.:................................................... i:-?..;!-:.'_!m!!!:_!_'_!::i!

tD :'- _': $"" ::::::::::::::::::::::::!!;!_:::!:!:;,!:-'.;:::!!.i;i_:,',_:!_

Ioo% * C S'- : 7-f _.q i _.fl' ,¢'.7 t_'.,2' I_."3 !_7-_/_._I

. I , I I i ' '
!)..:.:}_i'ii:".:_t':..':::'gil;!_g!!_i!i?!:'::..':!g-_i_si_!_!si!!s!_i::.!gsT..:s!zi:!s!figg.'.::g:'::!ia:i!:_i_ii!::_::;r_!_s:!_!:i_i:-.':-'i _.:'._-...*.'N:.'.'_i.".:sii_:i,, t ) ':ii!_i!!iTiii!7!Tiiiiiii!i!_:":_':<_:'::":<_+:_:::::::::::::::::::::::::::::::::::::::::::::::::::::................._ii'_!_i;!i_!!ii!iii::iii!ii}i!!iitiii!!!i!!_i_!_!_;'_!_i!iii':.............................., T'r"_.:..:.:.!._......:.:.:.

c I t i!iiii_ii!i!i!iiii_!i_!iii_i_i!!ii!_!ii%_ii_i_I_i_iii_!_i!!iii_ii!!_!:_i_:!i_iiiii!_!_!i_!i!i!!!ii!i!_i_i!_;ii!i_i!i_!!_i;!_i_i_ii;_iii_i_!!t_iiiii1!ii!ii_ii!_ii!i!ii_:_!iii;i:_i!iiiii!i_ii_.`:._._....._

!}i_i{_i{_i_ii!i!iiii_.ils_ii::iisiii:_::_!i:_i:si!!ii!i_{i_':iik:_:::s..............:.:,;-s I {!ili}_ii!!iiii{i'_ii!ii;!i!i!_iiii!i!_i!iii!ii{!?iiiiT!i_iTii!{_i!ii_iii!':iliiiiii{',!_ii!!_i:i!iiiiiTiii!iiiiiiTii':iiiiiii!ii!!:i!{!i;ii:,i{ii_iiiii.-.::::::,:,::,:,.:_:_:_:d,::::,::,:,,.:_:,,__:.':._:,'_.:'._,,_-_:_:,_,_:,

, D t I _i.'.::._:m_:_:':::::i:::_:.,::;:.:.,%.'._::_.':.:;:._:_.:::-:i__._:i_.:!:::i_b.::_::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::_'_!_{:._:!'_::-:_'_:_.::'::!:::

!iiiiii!iiiii_iiiiiii_iiiiiii_iiiii'_i#ii;iiii'_iiiiiiiiiiiiiliiiiiii!iiii!iiiiiiiiiililiiii_iiiili!iiii{iiiiiiiiTiTii{iiii!iiiTii_.../iiiii!i;ii:_ii_iiiTiliiiiiiiiiii!i!iiii#iii_i_iiii'_ilil!!ii_ii_iiiii_:71ili_i!il}:!_"::_",_:'_'_:_:

A I 1 I I

I c } :iiiiii:_ildi!:iiiii!i!!iiiiii!:i{i!!_ilil;_i:_-..::;ii_i;_;iiii!i_{_{i_ii:_;:i_i_i_!!_i_;!_!_i{ii_iiiiiiiiii7_ii_!!:_:i!iiii_.:::.._m_i_i_im:_:_:__.,.._,._.:.::_,_,...::.:...,,:,,
:_'!t.";??!:::!:':'::::':?]';'::::::::::::::::::::::::::::::::

,. I D t fii!i!ii!i!ii_i;iii!ii!!f:_i_i;i;iii!iiii!i#iiii__iiiii_iiiiii_!i!i!i:iiii_!iii{{ii_i_iiii!!_!ii_/_!i_!iiiiiii_;ii_7i_:iii_iii_iiiii_i!iii_m_'.:.:_:__i_,%::i_i-i_i_i_i

::::::_:::::::::;:::::::::::::::::::::::

D,,e_Y- / - 7 <-, ' _ S" JD_ "' _°'1' d" _ 1_ ' -@-_ _" I _ _[_!_

.. $hadint representsareasfor whichdatacollectionis riot required.

-- Not Taken

t
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STATIC Acu'rEGtrio_phnia dubiit"TOXICITY TEST

c,o., POS s=_l.co,°=io.D.._ !
s.,_lo s B s2_ , , T°,,l.itl,-tio.'n,.o' I_'_
TestDates I --I_ -_lc_ -- l!t-tlq.1 Sour=e/Age of Organisms _ heu.._ < '_q _cL,---,._X

_om_c'_D,yo _O D,y_0_9 D,y2 _o

I .,,mb°.o,' Di,,o,_°,oxy,_° tsp,:,,= I
Organisms . pH (rag/L) [Conductivity(b_)

co_o. R_. o i 24 I 48 t o I 2, t 48 o ! 2_ i .8 I o I ,8
, I © ] _ [5-- _,o.-!_._- W-% I $._ [0-° I:.g" 132Orl5_<-1

I

' I Iiii ' 'it I' ' ' NIIIIIIII<::I _ iiiiiiTiiiiiii_iiiiiiiiiiiiiiiiiTiT!ii_iiiiii_TiiiiiiiiiiiiTiiiiiiiiiiiiiiiiiiiiiiiiii_iiiiiii_i_iiiii_Uiiiiiiii_iii_iiiiiiiiiiiiiiiiiiiiiiii!Tiiiii;ii_iiiiiiiiiTiii

I .-',.I _ ! I / / / i / i

1 A I ___:_i:_g::_#:__::giiiii__iiii_iii::igiiiiiii.:`..._iN:___:_iii__ii!ii__i_iig_iiiigi_ii}_i_}iiiii_i:_iiii!ii_i_i!!"?ii!iig)iiii)iiiiiii:iiiiiii}i;7

I _ I f}iiiiiiiiiiiiiiiiiTiiiiiiiiigiiiiiiiii}i77i}iiiiiiiiii_Jiiiiiii7iiiiiiiiiiiiiiiii!iiiiiii)ii7i7iii4iiiiiii;iiiiiiiiii}iiii7iiii(ii_i7ii7;7_iigiii_47iTiiiiiii
i .,,,. I I / t 1 I i / l

t I A I i t ! t I I
]_l_iii_,,iiiiiiTi.:,;iii!iNi::f

Shadingrepresentsareasfor which daiacollectionis notrequired,
NT = Not Taken

/'-'" ,
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STATIC ACD'TE Certod'_hnlad_ta TOXICITY "l_5"r

i $.mpl= _C- Test InifitationTim= I_

Numberof l I DissolvedOxygen ISpecific [

Co,,,. Rep. o 1 24 I 4s I o I 2, I 4s I o I 24 I ,_8" ! 0 t 4Z I

, ::::::::::::::::::::::::::::::::::iii_:_i?_:::.!::::!:_i;:._:-::i;_-:ii,.:i_-_i*_:P..::::._-i-_:_ii'_i_!.i_:_!:.:._d-_:_::_::i::_::.__:_'................;.........

I I ,.o l_.o ,I'_( /___ I
lOO_ A I _ _"" I_-'I ......"_:_:........Z.,,% _,_, g c_ !iiiii_:!!iii_i:ii_i!_!!Ii_i!i_iiiiil_'!_i_iii_ii_!_':'_':_::*_''_'_:_'':_:'__,_:_!:!_:_!!.,.".':__:_#_!ii!ii:ii_i;ii:::_!iiI_::!:i_iii::ili!::_:!ii_':i:ii::i_..............

I A ! I I I I I ,

' ii'i_ii :::::::::::::::::::::::::::::::

ii_!!_i!!_ii!E_i_i i:i:i:;:,:;'i::';!:i_:i._i:i;i_:i:_;:i:_:ii_:i_:!iHi_ifi:_:!:ii;i;i:i:i:i:i:i::_:_:i:_;::::;I _ I t,,,,,,:,.,::_,,:_,_:,:_,_iii!_ii_i_i!iiiiii_iiii_iiii_i_iiii_i_!_i!iiiii!_i!iii!i!_iii_!_i_iii_!iiii!!i_i!!_iii!!!!ii!i_i*_`_<_<.:_`._<&_.`.*_:_*_:_:_&_:_:_::i_#ii_!ii1_!!9i_t_iiii

l A I I I Iii/!i! l I t ,

_ I [:ii!iii!_!_ii_iiiii_ii!ii!'_i!i|i_i!i!tii!iiii@iiiii_iii_iiiii_!!iiiii_ili_i!i_ii!!i!iiiiiiiiiii_ii_iiiiiiiiiii!i!i!ii!_ii!iiiiiiii_ii_iiiii_i!ii!ii!iii!!iiiii_ii!iii_!iiii_i_ii!:,i:i::!_i_i_i_iii!!ii_iiiiii!_!iii::ii_:,%_iiii!!iiiii_i!i!

i I I ' ' '
......... :_:!:_:_:!:E:!:_:!:i:_:_:i_:Y:_:_.":'i:.-'::_:_!:i:i:::E:_i:!_t:,:'::'ii_:;E:i:i!i_ibi_!!ii:!; :_i: _i!:!iEilE_i_: "; !:::::::::ii;!:!:ii_i'_
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APPENDIX B

FIELD-MEASURED WATER QUALITY PARAMETERS
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Initial chemical and physical determinations in 100% site water.

Parameter Measured SDS-3 STO WC MC DMC-W

Temperature (°C) 8 4 4 4 4

Salinity (ppt) 0 0 0 0 0

Dissolved oxygen (mg/L) 11.0 11.0 11.6 11.8 8.5

pH 6.8 8.1 7.8 7.7 7.5

Conductivity (#S) 52 58 130 128 155

Total hardness (mg/L as CaCO3) 20 28 50 56 60

Total alkalinity (mg/L as CaCO3) 22 32 48 48 86

Total residual chlorine (mg/L) 0.04 0.02 0.02 0.05 0.06

Ammonia (mg/L) 1 <1 <1 <1 <1 <I

1 La Motte colorimetric test kit, Detection Limit 1 mg/L

SDS-3 + SDS-3 +
Parameter Measured DMC-E LR MCB MC WC

Temperature (°C) 4 4 4 4 4

Salinity (ppt) 0 0 0 0 0

Dissolved oxygen (mg/L) 11.7 10.0 11.1 9.2 9.1

pH 7.7 7.4 7.6 6.9 6.9

Conductivity (#S) 49 245 80 123 71

Total hardness (mg/L as CaCO3) 38 112 32 44 26

Total alkalinity (mg/L as CaCO3) 22 112 38 68 30

Total residual chlorine (rag/L) 0.02 0.03 0.03 0.07 0.05

Ammonia (mg/L) 1 <1 <1 <1 <1 <1

1 La Motte colorimetric test kit, Detection Limit 1 mg/L
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APPENDIX C

MILLER CREEK AND PROPOSED
THIRD RUNWAY OUTFALL

HYDROGRAPHS, 2-YEAR STORM
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DRAFT MEMORANDUM

To: Port of Seattle project files April 20, 2000

From: Doug Henderson / Linda Logan 556-2912-001 (61)

Subject: Range-Finding Water-effect ratio results

This memorandum summarizes results of range-finding toxicity tests conducted as part of
the water-effect ratio (WER) study for copper in streams receiving STIA stormwater.
The purpose of these range-finding WERs is to determine if the final WERs would be
robust ertough to warrant the expense of conducting definitive studies. Although range-
finding WERs were conducted in February 1999, these tests were conducted on simulated
receiving water samples that were mixtures of outfall SDS3 stormwater and instream
receiving water. Mixture ratios of these two samples were prepared in the laboratory by
combining measured volumes of stormwater and upstream receiving water in proportions
estimated to occur in the receiving water (based on hydrographs generated using HSPF).
In the event that mixing zones cannot be granted for the creeks, it was agreed that two
additional types of range-finding WERs be conducted, one without any mixing with
stormwater (i.e., receiving water only) and the other one after complete mix, below
outfall discharges.

Sampling

Samples were collected at five pre-determined locations during a qualifying storm on the
afternoon of 13 April 2000. The storm started at 2:00 PM on 13 April and ended at
1:00 AM on 14 April 2000. The dry antecedent period preceding this storm was 74
hours. Approximately 0.34 inches of rain fell at STIA during 12 hour period of rainfall.

Taylor Associates collected flow-weighted composite samples for 12 hours during the
storm event from each of the five sampling sites (Miller Creek Upstream, Miller Creek
Detention Facility, Northwest Ponds Outlet, Northwest Ponds Inlet, and Des Moines
Creek Weir). ISCO samplers automatically composite samples based on flow.
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Quality assurance and quality control elements were followed according to the Port's
Procedure Manual for Stormwater Monitoring (POS, 1999).

The samples were delivered to Parametrix's toxicology laboratory with completed chain-
of-custody forms in sufficient time to meet the applicable holding times. The synthetic
laboratory water was prepared according to U.S. EPA (1993).

Analysis

The procedure for determining a WER involves using an indicator species to evaluate and
quantify the toxicity and bioavailability of a compound in a particular site water compared
to that in "clean" laboratory water. To accomplish this, the chemical of concern (in this
case, copper) is spiked into both the clean laboratory water and site water at known
concentrations. A median lethal concentration (LC50) is then determined for each water,
and the two are compared to generate a WER:

LC50 Site Water
= WER

LC50 Laboratory Water

The WER is then applied to the generic water quality standard to derive a site-specific
standard:

WER * Generic WQS = Site-specific WQS

For example, if the water quality standard for a chemical is 3 lag/L, and a WER of 3 is
derived for a particular site, the resulting site-specific water quality standard would be 9
gg/L.

Nominal copper test concentrations were prepared using a 500 mg/L copper stock solution
made from copper sulfate pentahydrate (CuSO4o5H20) (CAS#7758-99-8). Since these were
preliminary tests, concentrations were not measured; thus the WERs were calculated using
nominal test concentrations. However, the stock solution was analyzed by Battelle and
verified to be 500.0 mg/L copper.

The toxicity tests were conducted according to Short-term Methods for Estimating the Acute
Toxicity of Effluents and Receiving Waters to Freshwater Organisms and Marine
Organisms. EPA/600/4-90/O27F, August 1993. A summary of test conditions for the D.
magna toxicity tests is presented in Table 1.
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Table 1. Summary of test conditions for the acute Daphnia magna toxicity tests.

Job Name: Port of Seattle Job Number: 556-2912-001 (61)

Date: 15-17 April 2000

Test Protocol: Methods for Measuring the Acute Toxicity of Effluents and Receiving Waters to
Freshwater and Marine Organisms (Fourth Edition), EPA/600/4-90/027F, August 1993.

Test Material: Copper:spiked site waters
Copper-spiked synthetic laboratory water

Test Organisms/age: Daphnia magna; <24 hrs old

Source: In-house culture

Number/Test Chamber: 5

Volume/Test Chamber: 20 mL

Nominal Test Site water: 0, 12.5, 25, 50, 100, 150, and 200 lag/L copper
Concentrations: Synthetic laboratory water: 0, 5, 10, 20, 40, and 80 lag/L copper

Replicates: Four

Test Duration: 48 hours

Control: Unspiked synthetic laboratory water
Unspiked site water

Test Chambers: 30 mL polystyrene cups

Lighting: Fluorescent bulbs (50-100 foot candles)

Photoperiod: 16 hours light; 8 hours dark

Aeration: None

Feeding: None

Temperature: 25 _+1°C

Chemical Data: Dissolved oxygen, temperature, and pH at test initiation and every 24 hours; specific
conductivity at test initiation and termination; hardness, alkalinity, ammonia, and residual
chlorine at test initiation for 100% site water sample; hardness and alkalinity for
laboratory and site water

Effect Measured: Mortality

Test Acceptability: Control mortality _<10%
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Results

Results of the range-finding water-effect ratio tests are presented in Table 2. Reference

toxicant results were within acceptable ranges. All raw data sheets and statistical analyses

are located in the project files at Parametrix.

Table 2. Summary of Daphnia magna range-f'mding water-effect ratio for POS:

Hardness Cu LC50 (_g/L) Normalized1
Test Water (mg/L) LC50 (fig/L) WER

Cu-SpikedNorthwestPonds Inlet 60 143.6 120.93 28.43387
Site Water

Cu-SpikedNorthwestPonds 90 132 75.87 17.83784
Outlet Site Water

Cu-SpikedMiller Creek 92 168.8 95.03 22.34329
Detention FacilitySite Water

Cu-SpikedMiller Creek 46 111.6 120.72 28.38372
UpstreamSite Water

Cu-SpikedDes Moines Creek 65 136.6 106.68 25.08299
Weir Site Water

Cu-SpikedLaboratoryWater 90 7.4 n/a n/a

Reference Toxicant (LC50)= Acceptable

WER = Calculatedwater effect ratio

rda = notapplicable
I LC50 adjusted to a hardnessof 50 mg/L

In summary, given the results of the preliminary screening-level bioassays (Parametrix,
1999), and the WERs estimated based on nominal concentrations (17 - 28), we

recommend pursuing a definitive WER and application of a site-specific water quality

standard for copper.

REFERENCES

Parametfix, Inc. 1999. Water-effect ratio screening study at Seattle-Tacoma International
Airport: Toxicity evaluation of site water. Prepared for the Port of Seattle, February
1999.

U.S. EPA. 1993. Methods for measuring the acute toxicity of effluents and receiving
waters to freshwater and marine organisms. EPA/600/4-90/027F, August 1993. U.S.

Environmental Protection Agency, Cincinnati, Ohio.

POS 1999; Procedure Manual for Stormwater Monitoring. Port of Seattle, April 1999.
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LC50 Adjusted to
Site Hardness (ppm) LC50 (pg/L) 50 ppm Hardness WER
Miller Creek Upstream 46 111.6 120.72 28.38372
Miller Creek Detention Facility 92 168.8 95.03 22.34329
Northwest Ponds Inlet 60 143.6 120.93 28.43387
Northwest Ponds Outlet 90 132 75.87 17.83784
Des Moines Creek Weir 65 136.6 106.68 25.08299
Lab Water 90 7.4 4.25

PhL, _-,icu o _._

CHECKEDBY f . .,
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PARAMETRIX, INC.

Environmental Toxicology Laboratory

STATIC.ACUTE Daphnia magna TOXICITY TEST

_nt Port of Seattle Sample Collection Date 4/14/00
t

;pie Cu in Lab Water Test Initiation Time I_ I _"

Test Dates 4/15/2000 - 4/17/2000 Source/Age of Organisms In house cultures / <24 hours

Dilution Water EPA synthetic freshwater

Temp (°C) Day 0 _ F Day 1 _ _'-- Day 2 "_¢_

Number of l [ Dissolved Oxygen [Specific ]
(rag/L) Conductivity 0aS)

Cone. 0

Initials

Date

QC

Shading represents areas for which data collection is not required.

NT =Not Taken Reviewed by: ¢_/_ _.,2_/,_"/
omments
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AD-Acute Daphid Test ID: 2861

Species: DM-Daphnia magna Protocol: EPAA 91-EPA Acute
ID: WA0024651-Port of Seattle Sample Type: SRW2-1ndustrialstormwater

Date: 04/15/2000 14:15 End Date: 04/17/2000 Lab ID: WAPTL-Parametrix Tox Lab

ID Rep Group Start 24 Hr 48 Hr 72 Hr 96 Hr Notes
1 1 D-Control 5 5 4

2 2 D-Control 5 5 5!

3 3 D-Control 5 5 3:.,
4 4 D-Control 5 5 5
5 1 5.000 5 5 4

6 2 5.000 5 5 4
7 3 5.000 5 51 3

8 4 5.000 5 5 3
9 1 10.000 5 3 0

10 2 10.000 5 4 0
11 3 10.000 5 5 2
12 4 10.000 5 2 2

13 1 20.000 5 1 0
14 2 20.0001 5 3 0

15 3 20.000: 5 0 0

16 4 20.000 5 0 0
17 1 40.000 5 0 0

18 2 40.000 5 0 0
19 3 40.000 5 0 0

20 4 40.000 5 0 0
21 1 80.000 5 0 0

22 2 80.000 5 0 0
23 3 80.000 5 0 0

24 4 80.000 5 0 0
Comments: Port of Seattle - Cu in Lab Water
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ADLAcute Daphid Test ID: 2861

Species: DM-Daphnia magna Protocol: EPAA 91-EPA Acute

Sample ID: WA0024651-Port of Seattle Sample Type: SRW2-1ndustrialstormwater
Date: 04/15/2000 14:15 End Date: 0411712000 Lab ID: WAPTL-Parametrix Tox Lab

ID Rep Group Start 24 Hr 48 Hr 72 Hr 96 Hr Notes
1 1 D-Control 5 5 4

2 2 D-Control 5 5 5
3 3 D-Control 5 5J 3
4 4 D-Control 5 5l 51

5 1 5.000 5 51 4
i

6 2 5.000 5 5 4=

7 3 5.000 5 5 3
8 4 5.000 5 5 3
9 1 10.000 5 3 0

10 2 10.000 5; 4 O!
11 3 10.000 5i 5 2!

12 4 10.000 5 2 2!
13 1 20.000 5 11 0;

14 2 20.000 51 31 0

15 3 20.000 5 0 0j
16 4 20.000 5 0 0
17 1 40.000 5 0 0

18 2 40.000 5 0 0
19 3 40.000 5 0 0

20 4 40.000 5 0 0
21 1 80.000 5 0 0

22 2 80.000 5 0 0
23 3 80.000 5 0 0
24 4 80.000 5 0 0

Comments: Port of Seattle - Cu in Lab Water
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Acute Daphid-48 Hr Survival
Start Date: 04/15/2000 14:15 Test ID: 2861 Sample ID: WA0024651-Port of Seattle
End Date: 04/17/2000 LabID: WAPTL-ParametrixTox Lab SampleType: SRW2-1ndustrialstormwater
Sample Date: 04/14/2000 Protocol:EPAA 91-EPA Acute Test Species: DM-Daphniamagna
Comments: Port of Seattle- Cu in LabWater

Conc-ug/L 1 2 3 4
D-Control 0.8000 1.0000 : 0.6000 1.0000

5 0.8000 0.8000 0.6000 0.6000
10 0.0000 0.0000 0.4000 0.4000
20 0.0000 0.0000 0.0000 0.0000
40 0.0000 0.0000 0.0000 0.0000
80 0.0000 0.0000 0.0000 0.0000

Transform: Arcsin Square Root t-Tailed Number Total

Conc-ug/L Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD Resp Number
D-Control 0.8500 1.0000 1.1709 0.8861 1.3453 18.840 4 3 20

5 0.7000 0.8235 0.9966 0.8861 1.1071 12.807 4 1.161 2,180 0,3273 6 20
"10 0.2000 0.2353 0.4551 0.2255 0.6847 58.254 4 4,768 2,180 0.3273 16 20
20 0.0000 0.0000 0.2255 0.2255 0.2255 0,000 4 20 20
40 0.0000 0.0000 0.2255 0.2255 0.2255 0.000 4 20 20
80 0.0000 0.0000 0.2255 0.2255 0.2255 0.000 4 20 20

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk'sTest indicatesnormaldistribution(p > 0.01) 0.88728 0.805 -0.1968 -1.6982
Bartlett'sTest indicatesequalvariances(p = 0.52) 1.29929 9.21035
Hypothesis Test (l-tail, 0.05) NOEC LOEC ChV TU MSDu MSDp MSB MSE F-Prob df

Dunnett'sTest 5 10 7.07107 0.29035 0.3422 0.55735 0.04508 0.00262 2, 9

Maximum Likelihood-Probit

Parameter Value SE 95% Fiducial Limits Control Chi-Sq Critical P-value Mu Sigma Iter
Slope 5.93176 1.81345 2.37741 9.48612 0.15 0.13572 7.81472 0.99 0.86892 0.16858 5
Intercept -0.1542 1.70483 -3.4957 3.18724

TSCR 0.15469 0.07987 -0.0019 0.31123 1.0 _ _ :Point Problts ug/L 95% Fiduclal Limits
EC01 2.674 2.99733 0.55368 4.72012 0.9
EC05 3.355 3.90502 1.05825 5.63791 0.8
EC10 3.718 4.49645 1.48967 6.2191
EC15 3.964 4.9453 1.87202 6.65964 0.7

EC20 4.158 5.33378 2.24052 7.04519 _ 0.6
EC25 4.326 5.69129 2.60919 7.40717
EC40 4.747 6.70207 3.78501 8.50415 o 0.5

EC50 5.000 7.39467 4.67005 9.36801 0.4
Id=

EC60 5.253 8.15886 5.66233 10.5014
EC75 5.674 9.60787 7.37291 13.432 0.3

EC80 5.842 10.2519 8.01687 15.1249 0.2
EC85 6.036 11.0572 8.73009 17.5857 j/
Ecg0 6.282 12.161 9.58322 21.558 0.1 J
EC95 6.645 14.0028 10.8068 29.6849 0.0 .... ._.....................
EC99 7.326 18.2433 13.1615 55.6444 0.1 1 10 100

Dose uglL
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Acute Daphid-48 Hr Survival

Start Date: 04/15/2000 14:15 Test ID: 2861 Sample ID: WA0024651-Port of Seattle
End Date: 04/17/2000 Lab ID: WAPTL-Parametrix Tox Lab Sample Type: SRW2-1ndustrial stormwater

Sample Date: 04/14/2000 Protocol: EPAA 91-EPA Acute Test Species: DM-Daphnia magna
Comments: Port of Seattle - Cu in Lab Water

Dose-Response Plot

1

0.9

0.8

0.7

> 0.6 1 .Nil, 0.05 level

P ....................................... significance
0.5

= 0.4

0.3

0.2

0.1 _0 . •=

0

Q
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PARAMETRIX, INC.

Environmental Toxicology Laboratory

STATIC ACUTE Daphnia magna TOXICITY TEST

nt Portof Seattle Sample Collection Date 4/14/00

.,iple Cu inNorthwest Ponds Inlet Water Test Initiation Time l_ _,6
Test Dates 4/15/2000 - 4/17/2000 Source/Age of Organisms In house cultures / <24 hours

Dilution Water Northwest Ponds Inlet Water

Temp (°C) Day0 2 _'"- Day l _ _ Day2 2

I

Number of Dissolved Oxygen Specific

Organisms

Cone. 0

50 _tg/L

Shading represents areas for which data collection is not required.

NT --Not Taken t"/_ ¢_$6_,
Reviewed by: /
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AD-Acute Daphid Test ID: 2862

Species: DM-Daphnia magna Protocol: EPAA 91-EPA Acute
ID: WA0024651-Port of Seattle Sample Type: SRW2-1ndustrialstormwater

Date: 04/15/2000 14:30 End Date: 04/17/2000 Lab ID: WAPTL-Parametrix Tox Lab

ID Rep Group Start 24 Hr 48 Hr 72 Hr 96 Hr Notes
1 1 D-Control 5 5 5
2 2 D-Control 5 5 4

3 3 D-Control 5 5 4
4 4 D-Control 5 5 5

5 1 12.500 5 5 5
6 2 12.500 5 5 5

7 3 12.500 5 5 4
8 4 12.500 5 5 4

9 1 25.000 5 5 3
10 2 25.000 5 5 5

11 3 25.000 5 4 2
12 4 25.000 5 5 2

13 1 50.000 5 5 2
14 2 50.000 5 5 3

15 3 50.000 5 5 5
16 4 50.000 5 5 5
17 1 100.000 5 5 5

18 2 100.000 5 5 4

19 3 100.000 5 5 3
20 4 100.000 5 4 3
21 1 200.000 5 5 0

22 2 200.000 5 5 0
23 3 200.000 5 5 1
24 4 200.000 5 4 0

Comments: POS - Cu in NW Ponds Inlet Water

F'__'',r'- F". _',r_ ,"- t-_
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Al_-Acute Daphid Test ID: 2862

Species: DM-Daphnia magna Protocol: EPAA 91-EPA Acute

Sample ID: WA0024651-Port of Seattle Sample Type: SRW2-1ndustrialstormwater
Date: 04/15/2000 14:30 End Date: 04/17/2000 Lab ID: WAPTL-Parametrix Tox Lab

ID Rep Group Sta_ 24 Hr 48 Hr 72 Hr 96 Hr Notes
1 1 D-Control 5 5 5
2 2 D-Control 5 5 4

i

3 3 D-Control 5 5 41
4 4 D-Control 5 5 5
5 1 12.500 5 5 5

6 2 12.500 5 5 5

7 3 12.500 5 5 4
8 4 12.500 5 5 4

9 1 25.000 5 5 3
10 2 25.000 5 5 5

11 3 25.000 5 4 2
12 4 25.000 5 5 2
13 1 50.000 5 5 2

14 2 50.000 5 5 3

15 3 50.000 5 5 5
16 4 50.000 5 5 5

17 1 100.000 5 5 5
18 2 100.000 5 5 4

19 3 100.000 5 5 3
20 4 100.000 5 4 3
21 1 200.000 5 5 0

22 2 200.000 5 5 0
23 3 200.000 5 5 1
24 4 200.000 5 4 0

Comments:POS- Cuin NWPondslnletWater

AR 016766
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Acute Daphid-48 Hr Survival
StartDate: 041151200014:30 Test ID: 2862 Sample ID: WA0024651-Port of Seattle
EndDate: 04/17/2000 Lab ID: WAPTL-ParametrixTox Lab SampleType: SRW2-1ndustrialstormwater
SampleDate: 04/14/2000 Protocol:EPAA 91-EPA Acute Test Species: DM-Daphniamagna
Comments: POS - Cu in NW Ponds InletWater

Conc-ug/L 1 2 3 4
D-Control 1.0000 0.8000 0.8000 1.0000

12.5 1.0000 1.0000 0.8000 0.8000
25 0.6000 1.0000 0.4000 0.4000
50 0.4000 0.6000 1.0000 1.0000

100 1.0000 0.8000 0.6000 0.6000
200 0.0000 0.0000 0.2000 0.0000

Transform: Arcsin Square Root l-Tailed Number Total
Conc-ug/L Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD Resp Number

D-Control 0.9000 1.0000 1.2262 1.1071 1.3453 11.212 4 2 20
12.5 0.9000 1.0000 1.2262 1.1071 1.3453 11.212 4 0.000 2.410 0.3863 2 20

25 0.6000 0.6667 0.9002 0.6847 1.3453 34.607 4 2.034 2.410 0.3863 8 20
50 0.7500 0.8333 1.0653 0.6847 1.3453 31.308 4 1.004 2.410 0.3863 5 20

100 0.7500 0.8333 1.0561 0.8861 1.3453 20.748 4 1.061 2.410 0.3863 5 20
*200 0.0500 0.0556 0.2850 0.2255 0.4636 41.771 4 5.872 2.410 0.3863 19 20

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk'sTest indicatesnormaldistribution(p > 0.01) 0.95795 0.884 0.41562 -0.3207
Bartlett'sTest indicatesequal variances(p = 0.40) 5.17099 15.0863
Hypothesis Test (1-talk,0.05) NOEC LOEC ChV TU MSDu MSDp MSB MSE F-Prob df
Dunnett'sTest 100 200 141.421 0.33147 0.37417 0.49698 0.05138 1.3E-04 5, 18

: Maximum Likelihood-Probit

Parameter Value SE 95% Fiduclal Limits Control Chi-Sq Critical P-value Mu Sigma Iter
Slope 10.6117 4.76948 1.26356 19.9599 0.1 5.88238 7.81472 0.12 2.15722 0.09424 9
intercept -17.892 10.7861 -39.033 3.24892
TSCR 0.2125 0.04574 0,12286 0.30214 1.0
Point Probits ug/L 95% Fiduclal Limits /_

Eo01 2.67486.69490.30845127.403 o, . /, /

EC05 3.355 100.511 1.0603 138.812 0.8

/ /
EC10 3.718 108.755 2.0446 145.537
EC15 3.964 114.696 3.18124 150.403 0.7
EC20 4.158 119.648 4.51697 154.505 = 0.6
EC25 4.326 124.067 6.09755 158.226 =_ /
EC40 4.747 135.939 12.9302 168.743 o 0.5

ECS0 5.000 143.621 20.2227 176.274 _ 0.4
EC60 5.253 151.737 31.4131 185.401
EC75 5.674 166.256 63.181 208.466 0.3

EC80 5.842 172.396 81.3097 223.935 0.2
EC85 6.036 179.84 105.178 252.51 •

EC90 6.282 189.664 133.834 319.086 0.1 j/

EC95 6.645 205.22 163.273 528.79 0.0 . .._...i......... _ ....... :..................
EC99 7.326 237.926 193.908 1667.6 0.1 1 10 100 1000 10000

Dose uglL

016767
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Acute Daphid-48 Hr Survival

Start Date: 04/15/2000 14:30 Test ID: 2862 Sample ID: WA0024651-Port of Seattle

End Date: 04/17/2000 Lab ID: WAPTL-Parametdx Tox Lab Sample Type: SRW2-1ndustrial stormwater

Sample Date: 04/14/2000 Protocol: EPAA 91-EPA Acute Test Species: DM-Daphnia magna
Comments: POS - Cu in NW Ponds Inlet Water

Dose-Response Plot

1

0.9

0.8

-- 0.7

0.6 -tail, 0.05 level

_' ...................................... ,f significance
¢n 0.5

0,4

0.3

0.2

0.1

0 J | ,

o

AR 016768

Page 2 ToxCalc v5.0.23 Reviewed by: /_
f



PARAMETRIX, INC.

Environmental Toxicology Laboratory

STATIC ACUTE Daphnia magna TOXICITY TEST

"nt Portof Seattle SampleCollection Date 4/14/00

.Jple Cu in Des Moines Creek WeirWater Test InitiationTime f 5 3 o

Test Dates 4/15/2000 - 4/17/2000 Source/Ageof Organisms In house cultures / <24 hours

DilutionWater Des Moines CreekWeir Water

Temp (°(2) Day0 _-_"" Day l ¢_'ff Day2 _'_"

Numberof Dissolved Oxygen Specific

Organisms pH (rag/L)
(2onc. 0

Control A _"- ,_
B

C

D

12.5l.tg/L A [ _" i 5"

[

25_g/L b"
B J _" A"

C _ if

D - f

50 _g/L A

B !s-
c _ I Y

--- D _'- I f
I

ioo_Je A I : '

B _" ! y
c - If
D : !(

2oo_ A I -I J q"=l
B _ ' e"g-

c : !f<3 ..
I

Initials

Date

QC

Shading represents areas for which data collection is not required.

Reviewed by:

2omments _" _¢.r) [,'.,',.,'_t_' to.Z,[:¢ 7
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AD-,_,cuteDaphid Test ID: 2864

Species:DM-Daphnia magna Protocol: EPAA 91-EPA Acute

Sample ID: WA0024651-Port of Seattle Sample Type: SRW2-1ndustdalstorrnwater
Date: 04/15/2000 15:30 End Date: 04/17/2000 Lab ID: WAPTL-Parametrix Tox Lab

ID Rep Group Start 24 Hr 48 Hr 72 Hr 96 Hr Notes
1 1 D-Control 5 5 5

2 2 D-Control 5 5 5

3 3 D-Control 5 5 5
4 4 D-Control 5 5 5
5 1 12.500 5 5 5

6 2 12.500 5 5 5
7 3 12.500 5 5 5
8 4 12.500 5 5 5

9 1 25.000 5 5 5

10 2 25.000 5 5 5
11 3 25.000i 51 5 5

12 4 25.000 5 5 5
13 1 50.000 5 5 5

14 2 50.000 5 5 5
15 3 50.000 5 5 5

16 4 50.000 5 5 5
17 1 100.000 5 5 5

18 2 100.000 5 5 5

19 3 100.000 5 5 5
20 4 100.000 5 5 4
21 1 200.000 5 4 0
22 2 200.000 5 5 0

23 3 200.000 5 2 0
24 4 200.000 5 4 0

Comments: POS - Cu in Des Moines Creek Weir Water

',L.: BY

AR 016770
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AD.Acute Daphid Test ID: 2864

Species: DM-Daphnia magna Protocol: EPAA 91-EPA Acute

Sample iD: WA0024651-Port of Seattle Sample Type: SRW2-1ndustrialstormwater
Date: 04/15/2000 15:30 End Date: 04/17/2000 Lab ID: WAPTL-Parametrix Tox Lab

ID Rep Group Start 24 Hr 48 Hr 72 Hr 96 Hr Notes
1 1 D-Control 5 5 5

2 2 D-Control 5 5 5
3 3 D-Control 5 5 5
4 4 D-Control 5 5 5

5 1 12.500 5 5 5
6 2 12.500 5 5 5

7 3 12.500 5 5 5
8 4 12.500 5 5 5

9 1 25.000 5 5 5
10 2 25.000 5 5 5

11 3 25.000 5 5 5

12 4 25.000 5 5 5
13 1 50.000 5 5 5

14 2 50.000 5 5 5
15 3 50.000 5 5 5
16 4 50.e00 5 5 5

17 1 100.000 5 5 5
18 2 100.000 5 5 5

19 3 100.000 5 5 5
20 4 100.000 5 5 4

21 1 200.000 51 4! 0
22 2 200.000 5i 5 0

23 3 200.000 5i 2 0
24 4 200.000 5 4 0

Comments: POS - Cu in Des Moines Creek Weir Water

AR 016771
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Acute Daphid-48 Hr Survival
Start Date: 04/15/2000 15:30 Test ID: 2864 SampleID: WA0024651-Portof Seattle
End Date: 04/17/2000 Lab ID: WAPTL-ParametrixTox Lab SampleType: SRW2-1ndustrialstormwater
SampleDate: 04/14/2000 Protocol: EPAA91-EPA Acute Test Species: DM-Daphnia magna
Comments: POS - Cu inDes MoinesCreekWeir Water

Conc-uglL 1 2 3 4
D-Control 1.0000 1.0000 1.0000 1.0000

12.5 1.0000 1.0000 1.0000 1.0000
25 1.0000 1.0000 1.0000 1.0000
50 1.0000 1.0000 1.0000 1.0000

100 1.0000 1.0000 1.0000 0.8000
200 0.0000 0.0000 0.0000 0.0000

Transform: Arcsin Square Root Rank 1-Tailed Number Total

Conc-ug/L Mean N-Mean Mean Min Max CV% N Sum Critical Resp Number
D-Control 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 4 0 20

12.5 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 4 18,00 10.00 0 20
25 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 4 18.00 10.00 0 20
50 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 4 18.00 10.00 0 20

100 0.9500 0.9500 1,2857 1.1071 1.3453 9.261 4 16.00 10.00 1 20
200 0.0000 0,0000 0.2255 0.2255 0,2255 0.000 4 20 20

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk'sTest indicatesnon-normaldistribution(p <= 0.01) 0.5089 0.868 -2.7962 11.6732
Equalityof variancecannotbe confirmed
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU
.;reel'sMany-One Rank Test 100 200 141.421

Trimmed Spearman-Karber
Trim Level EC50 95% CL

0.0% 136.60 127.68 146.15
5.0% 138.87 133.76 144.16

10.0% 138.87 133.76 144.16 1.0 _=

20.0% 138.87 133.76 144.16 [
Auto-0.0% 136.60 127.68 146.15 0.9

0.8

0.7

• 0.6
W
C
o 0.5
Q.
¢)

I_ 0.4

0.3

0.2

0,1

0.0 ......... : .¢. • .4_............
10 100 1000

Dose uglL
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Acute Daphld-48 Hr Survival

Start Date: 04/15/2000 15:30 Test ID: 2864 Sample ID: WA0024651-Port of Seattle

End Date: 04/17/2000 Lab ID: WAPTL-Parametrix Tox Lab Sample Type: SRW2-1ndustrial stormwater

Sample Date: 04/14/2000 Protocol: EPAA 91-EPA Acute Test Species: DM-Daphnia magna
Comments: POS - Cu in Des Moines Creek Weir Water

Dose-Response Plot

1 • • •

0.9

0.8

0.7
m
¢0
.__ 0.6
P
¢n 0.5

0.4

0.3

0.2

0.1
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N t'N _ Q _,
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FARAM_'TmX, INC.

Environmental Toxicology Laboratory

STATIC ACUTE Daphnia magna TOXICITY TEST

_t Portof Seattle Sample Collection Date 4/14/00

.,pie Cu in Miller Creek Upstream Water Test Initiation Time l _'ao

Test Dates 4/15/2000 - 4/17/2000 Source/Age of Organisms In house cultures / <24 hours

Dilution Water Miller Creek Upstream Water

Temp (°C) Day0 2 ") Day I 7 6"" Day2 _, d

Number of DissolvedOxygen Specific I
I

Organisms (mg/L)
Cone. 0 24 I 48 0

Control _.

r _" I S
D

12:5 I_g/L A

B f # [ :r
C

D _" I 5"

2:_g/L A _" f I r
B K"
c %- # I,#
D

50 _tg/L A

, B

C

D

100 p.g/L A

B 5- C 13-a-
C

D

200 ,ug/L A
B I

D i

A J

B i

D i

Initials

Date

Qc

Shading represents areas for which data collection is not required.

NT =NotTaken Reviewedby://Z _'_/_

_nmments
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AD-Acute Daphid Test ID: 2866

Species: DM-Daphnia magna Protocol: EPAA 91-EPA Acute

Sample ID: WA0024651-Port of Seattle Sample Type: SRW2-1ndustrialstormwater
Date: 04/15/2000 15:00 End Date: 04/17/2000 Lab ID: WAPTL-Parametrix Tox Lab

ID Rep Group Start 24 Hr 48 Hr 72 Hr 96 Hr Notes
1 1 D-Control 5 5 4

2 2 D-Control 5 5 5

3 3 D-Control 5 5 5
4 4 D-Control 5 5 5

5 1 12.500 5 5 5
6 2 12.500 5 5 5

7 3 12.500 5 5 5
8 4 12.500 5 5 5

9 1 25.000 5 5 5
10 2 25.000 5 5 5
11 3 25.000 5 5 5

12 4 25.000 5 5 5
13 1 50.000 5 5= 5

14 2 50.000 5 51 5
15 3 50.000 5 5 5

16 4 50.000 5 5 5
17 1 100.000 5 5 3

18 2 100.000 5 5 3
19 3 100.000 5 5 4

20 4 100.000 5 5 31
21 1 200.000 5 0 0

22 2 200.000 5 4 0
23 3 200.000 5 5 0

24 4 200.000 5 5 0

Comments: POS - Cu in Miller Creek Upstream Water

.....,,,rn
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AD-Acute Daphid Test ID: 2866

Species: DM-Daphnia magna Protocol: EPAA 91-EPA Acute

Sample ID: WA0024651-Port of Seattle Sample Type: SRW2-1ndustrialstorrnwater
Date: 04115/2000 15:00 End Date: 04/17/2000 Lab ID: WAPTL-Parametrix Tox Lab

ID Rep Group Start 24 Hr 48 Hr 72 Hr 96 Hr Notes
1 1 D-Control 5 5 4

2 2 D-Control[ 5 5 5
3 3 D-Control 5 5 5

4 4 D-Control 5 5 5
5 1 12.500 5 5 5

6 2 12.500 5 5 5
7 3 12.500 5i 5! 5

8 4 12.500 5i 5 5
9 1 25.000 5 5 5

10 2 25.000 5 5 5
11 3 25.000 5 5 5

f

12 4 25.000 5 5 5
13 1 50.000 5 5 5

14 2 50.000 5 5 5
15 3 50.000 5 5 5

16 4 50.000 5 5 5
17 1 100.000 5 5 3

18 2 100.000 5 5 3
19 3 100.000 5 5 4

20 4 100.000 5 5 3
21 1 200.000 5 0 0
22 2 200.000 5 4 0

23 3 200.000 5 5 0
24 4 200.000 5 5 0

Comments: POS - Cu in Miller Creek Upstream Water

AR 016776
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Acute Daphid-48 Hr Survival
Start Date: 04/15/2000 15:00 Test ID: 2866 SampleID: WA0024651-Port of Seattle
End Date: 04/17/2000 LabID: WAPTL-ParametrixTox Lab SampleType: SRW2-1ndustrialstormwater
Sample Date: 04/14/2000 Protocol:EPAA 91-EPA Acute Test Species: DM-Daphniamagna
Comments: POS - Cu inMillerCreek UpstreamWater

Conc-ug/L 1 2 3 4
D-Control 0.8000 1.0000 1.0000 1.0000

12.5 1.0000 1,0000 1.0000 1.0000
25 1.0000 1.0000 1.0000 1.0000
50 1.0000 1.0000 1.0000 1.0000

100 0.6000 0.6000 0.8000 0.6000
200 0.0000 0.0000 0.0000 0.0000

Transform: Arcsin Square Root Rank 1-Tailed Number Total

Conc-uglL Mean N-Mean Mean Min Max CV% N Sum Critical Resp Number
D-Control 0.9500 1.0000 1.2857 1.1071 1.3453 9.261 4 1 20

12.5 1.0000 1.0526 1.3453 1.3453 1.3453 0.000 4 20.00 10.00 0 20
25 1.0000 1.0526 1.3453 1.3453 1.3453 0.000 4 20.00 10.00 0 20
50 1.0000 1.0526 1.3453 1.3453 1.3453 0.000 4 20.00 10.00 0 20

100 0.6500 0.6842 0.9413 0.8861 1.1071 11.742 4 10.50 10.00 7 20
200 0.0000 0.0000 0.2255 0.2255 0,2255 0.000 4 20 20

Auxiliary Tests StatisUc Critical Skew Kurt

Shapiro-Wilk'sTest indicatesnon-normaldistribution(p <= 0.01) 0.81017 0.868 -0.22 4,10888
Equalityof variance cannotbe confirmed
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU
Steel's Many-One Rank Test 100 200 141.421

Trimmed Spearman-Karber
Trim Level EC50 95% CL

0.0% 111.59 96.33 129.27
5.0% 112.81 95.68 133.00

10.0% 114.00 94,32 137.79 1.0

20.0% 116.22 88.21 153.11 0.9
. Auto-0.0% 111.59 96.33 129.27

0.8

0.7

0,6

0.5¢h
C
o 0.4
O.

I_ 0.3
0.2

0.1

0.0

-0.1

-0.2 ........................
10 100 1000

Dose ug/L
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Acute Daphid-48 Hr Survival
Start Date: 04/15/2000 15:00 Test ID: 2866 SampleID: WA0024651-Portof Seattle
End Date: 04/17/2000 Lab ID: WAPTL-ParametrixTox Lab SampleType: SRW2-1ndustrialstormwater
Sample Date: 04/14/2000 Protocol: EPAA91-EPA Acute Test Species: DM-Daphniamagna
3omments: POS - Cu in MillerCreek UpstreamWater

Dose-Response Plot

1 _e =.
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PARAMETRIX, INC.

Environmental Toxicology Laboratory

STATIC ACUTE Daphnia magna TOXICITY TEST

'_nt Port of Seattle Sample Collection Date 4/14/00

.aple Cu in Miller Creek Detention Facility Water Test InitiationTime ! _ _'-

Test Dates 4/15/2000 - 4/17/2000 Source/Age of Organisms In house cultures / <24 hours

Dilution Water Miller Creek Detention Facility Water

Temp (°C) Day 0 2 S Day 1 "2._" Day 2 _7..'_

Number of Dissolved Oxygen Specific

Organisms pH (mg/L) Conduetivit
Conc. 0

50 ttg/L

Initials

Date

Qc

Shading represents areas for which data collection is not required.

NT = N°t Taken Reviewed by: /S SO_/_ _)

_.mments
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iTest:'AD-Acute Daphid Test ID: 2865

Species: DM-Daphnia magna Protocol: EPAA 91-EPA Acute

Sample ID: WA0024651-Port of Seattle Sample Type: SRW2-1ndustrialstormwater
Date: 04/15/2000 15:15 End Date: 04/17/2000 Lab ID: WAPTL-Parametrix Tox Lab

ID Rep Group Start 24 Hr 48 Hr 72 Hr 96 Hr Notes
1 1 D-Control 5i 5 5

2 2 D-Controli 5 5 5
3 3 D-Control 5 5 5

4 4 D-Control 51 51 5:
5 1 12.500 5 5 4 _

6 2 12.500 5 5 5

7 3 12.500 5 51 5
8 4 12.500 5 5 5

9 1 25.000 5 5 5
10 2 25.000 5 5 5

11 3 25.000 5 5 4
12 4 25.000 5 5 4
13 1 50.000 5 5 5

14 2 50.000 5 5 5
15 3 50.000 5 5 5

16 4 50.000 5 5 5
17 1 100.000 5 5 5
18 2 100.000 5 5 5

19 3 100.000 5 5 5
20 4 100.000 5 5 5
21 1 200.000 5 5 1

22 2 200.000 5 4 2

23 3 200.000 5 5 2
i

24 4 200.000 5 3 2

Comments: POS - Cu in Miller Creek Detention Facility Water

i

,[_!" _ ,r',_"i';'r_L,j_r'_'' _ L{/_((_=' _)

'" '? {:'IV......
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AD-Acute Daphid Test ID:2865

Species: DM-Daphnia magna Protocol:EPAA 91-EPA Acute
ID: WA0024651-Port of Seattle Sample Type:SRW2-1ndustrialstormwater

Date: 04/15/2000 15:15 End Date: 04/17/2000 LabID: WAPTL-ParametdxTox Lab

ID Rep Group Start 24 Hr 48 Hr 72 Hr 96 Hr Notes
1 1 D-Control 5 5 5

2 2 D-Control 5 5 5
3 3 D-Control 5 5 5

4 4 D-Control 5 5 5
5 1 12.500 5 5 4

6 2 12.500 5 5 5
7 3 12.500 5 5 5

8 4 12.500 5 5 5
9 1 25.000 5 5 5
10 2 25.000 5 5 5

11 3 25.000 5 5 4

12 4 25.000 5 5 4
13 1 50.000 5 5 5
14 2 50.000 5 5 5

15 3 50.000 5 5 51

16 4 50.000 5 5 5
17 1 100.000 5 5 5

18 2 100.000 5 5 5
19 3 100.000 5 5 5

20 4 100.000 5 5 5
21 1 200.000 5 5 li
22 2 200.000 5 4 21

23 3 200.000 5 5 2
24 4 200.000 5 3 2

Comments:POS - Cu in Miller Creek Detention FacilityWater

AR 016781
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" Acute Daphid-48 Hr Survival
Start Date: 04/15/2000 15:15 Test ID: 2865 Sample ID: WA0024651-Port of Seattle
End Date: 04/17/2000 Lab ID: WAPTL-ParametdxTox Lab Sample Type: SRW2-1ndustdalstormwater
Sample Date: 04114/2000 Protocol:EPAA 91-EPA Acute Test Species: DM-Daphniamagna
Comments: POS - Cu in MillerCreek DetentionFacilityWater

Conc-uglL 1 2 3 4
D-Control 1.0000 1.0000 1.0000 1.0000

12.5 0.8000 1.0000 1.0000 1.0000
25 1.0000 1.0000 0.8000 0.8000
50 1.0000 1.0000 1.0000 1.0000

100 1.0000 1.0000 1.0000 1.0000
200 0.2000 0.4000 0.4000 0.4000

Transform: Arcsin Square Root Rank 1-Tailed Number Total

Conc-uglL Mean N-Mean Mean Min Max CV% N Sum Critical Resp Number
D-Control 1.0000 1,0000 1.3453 1.3453 1.3453 0.000 4 0 20

12.5 0.9500 0.9500 1.2857 1.1071 1.3453 9.261 4 16.00 10.00 1 20
25 0.9000 0.9000 1.2262 1.1071 1.3453 11.212 4 14.00 10.00 2 20
50 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 4 18.00 10.00 0 20

100 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 4 18.00 10.00 0 20
*200 0.3500 0.3500 0.6295 0.4636 0,6847 17.561 4 10.00 10.00 13 20

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk'sTest indicates non-normaldistributionr_ <= 0.01) 0.83783 0.884 -0,952 0.83974
Equalityof vadance cannot be confirmed
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU
3teers Many-One Rank Test 100 200 141.421

Maximum Ukelihood-Probit

Parameter Value SE 95% Fiducial Limits Control Chi-Sq Critical P-value Mu Sigma Iter
Slope 1.71858 1.15876 -1.9691 5.40628 0 17.4984 7.81472 5.6E-04 2.42024 0.58188 5
Intercept 0.84061 2.28474 -6.4305 8.11168
TSCR 1.0
Point Probits ug/L 95% Fiducial Limits
EC01 2.674 11.6574 0.9J

EC05 3.355 29.0499 0.8
EC10 3.718 47.2652
EC15 3.964 65.6401 0.7

EC20 4.158 85.2169 =_0.6
EC25 4.326 106.605 C

o 0.5EC40 4.747 187.425 o.
EC50 5.000 263.175 O.4
EC60 5.253 369.539

rr

EC75 5.674 649.701 o.3

EC80 5.842 812.761 0.2
EC85 6.036 1055.16
EC90 6.282 1465.37 o.1

EC95 6.645 2384.21 0.0 ...............................
EC99 7.326 5941.4 1 10 100 100o 10000

Significantheterogeneity detected (p = 5.58E-04) Dose uglL
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,, Acute Daphid48 Hr Survival

Start Date: 0411512000 15:15 Test ID: 2865 Sample ID: WA0024651-Port of Seattle

End Date: 04/17/2000 Lab ID: WAPTL-Parametrix Tox Lab Sample Type: SRW2-1ndustrial stormwater

Sample Date: 04/14/2000 Protocol: EPAA 91-EPA Acute Test Species: DM-Daphnia magna
Comments: POS - Cu in Miller Creek Detention Facility Water

_.... Dose-Response Plot
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TRIMMED SPEARMAN°KARBER METHOD. MONTANA STATE UNIV

DR REFERENCE, CITE:

_,aMILTON, M.A., R.C. RUSSO, AND R.V. THURSTON, 1977.
MMED SPEARMAN-KARBER METHOD FOR ESTIMATING MEDIAN

_}{AL CONCENTRATIONS IN TOXICITY BIOASSAYS.

ENVIRON. SCI. TECHNOL. 11(7): 714-719;
CORRECTION 12(4):417 (1978).

DATE: 4/15/00 TEST NUMBER: POS DURATION: 48 HOURS
CHEMICAL: CU SPECIES: DM

RAW DATA:

CONCENTRATION(UG/L) 12.50 25.00 50.00 I00.00 200.00

NUMBER EXPOSED: 20 20 20 20 20

MORTALITIES: i 2 0 0 13

SPEARMAN-KARBER TRIM: 35.00%

SPEARMAN-KARBER ESTIMATES: LC50: 168.78

95% LOWER CONFIDENCE: 140.44

95% UPPER CONFIDENCE: 202.83

NOTE: MORTALITY PROPORTIONS WERE NOT MONOTONICALLY INCREASING.

ADJUSTMENTS WERE MADE PRIOR TO SPEARMAN-KARBER ESTIMATION.
............................... . ..............................................
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I_ARAMETRIX, INC.

Environmental Toxicology Laboratory

STATIC ACUTE Daphnia magna TOXICITY TEST

_t Port of Seattle Sample Collection Date 4/14/00

.01e Cu in Northwest Ponds Outlet Water Test Initiation Time /'q q P

Test Dates 4/15/2000 - 4/17/2000 Source/Age of Organisms In house cultures / <24 hours
Dilution Water Northwest Ponds Outlet Water

Temp (°C) Day 0 2 _ Day 1 Z '_ Day 2 'Z_"

Number of Dissolved Oxygen Specific

Or_anigms pH

Cone. 0

Control

12.5 ,g/L

25 _g/L

50 r_gL

loo_te,m

200_g/L

Initials

Date

Qc

Shadingrepresentsareasforwhichdatacolleetionisnotrequired. Reviewed by: _Z _////_//_(_NT =Not Taken ,,_
/

'nmments
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AD-Acute Daphid Test ID: 2863

Species: DM-Daphnia magna Protocol: EPAA 91-EPA Acute
Sample ID: WA0024651-Port of Seattle Sample Type: SRW2-1ndustrialstormwater

Date: 04/15/2000 14:45 End Date: 04/17/2000 Lab ID: WAPTL-Parametrix Tox Lab

ID Rep Group Start 24 Hr 48 Hr 72 Hr 96 Hr Notes
1 1 D-Control 5 5 5

2 2 D-Control 5 5 5
3 3 D-Control 5! 5 5
4 4 D-Control 5 5 5

5 1 12.5001 5 5 5
6 2 12.500 5 5 5

7 3 12.500 5 5i 5
8 4 12.500 5 51 5

9 1 25.000 5 5 5
10 2 25.000 5 51 5

11 3 25.000 5 5! 5
12 4 25.000 5 5 5

13 1 50.000 5 5 5
14 2 50.000 5 5! 5

15 3 50.000 5 5 5
16 4 50.000 5 5i 5
17 1 100.000= 5 5 5

18 2 100.000 5 5 5
19 3 100.000 5 5 3

20 4 100.000 5 5 5
21 1 200.000 5 5 0

22 2 200.000i 5 5 0
23 3 200.000 5 5 0
24 4 200.000 5 5! 0

Comments: POS - Cu in NW Ponds Outlet Water

AR 016786
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_D'Acute Daphid Test ID: 2863
pecies: DM-Daphnia magna Protocol: EPAA 91-EPA Acute

ID: WA0024651-Port of Seattle Sample Type: SRW2-1ndustrialstormwater
Date: 04/15/2000 14:45 End Date: 04/17/2000 Lab ID: WAPTL-Parametrix "FoxLab

ID Rep Group Start 24 Hr 48 Hr 72 Hr 96 Hr Notes
1 1 D-Control 5 5 5
2 2 D-Control 5 5 5

3 3 D-Control 5 5 5
4 4 D-Control 5 5 5

5 1 12.500 5 5 5
6 2 12.500 5 5 5

7 3 12.500 5 5 5

8 4 12.500 5 5 5
9 1 25.000 5 5 5
10 2 25.000 5 5 5

11 3 25.000 5 5 5
12 4 25.000 5 5 5

13 1 50.000 5 5 5
14 2 50.000 5 5 5
15 3 50.0001 5 5 5

16 4 50.000! 5 5 5
17 1 100.000 5 5 5

18 2 100.000 5 5 5
19 3 100.000 5 5 3

20 4 100.000 5 5 5
21 1 200.000 5 5 0

22 2 200.000 5 5 0
23 3 200.000 5 5 0
24 4 200.000 5 5 0

Comments: POS - Cu in NW Ponds Outlet Water

AR 016787
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Acute Daphid-48 Hr Survival
Start Date: 04/15/2000 14:45 Test ID: 2863 Sample ID: WA0024651-Port of Seattle
End Date: 04/17/2000 Lab ID: WAPTL-ParametrixTox Lab SampleType: SRW2-1ndustrialstormwater
SampleDate: 04/14/2000 Protocol:EPAA 91-EPA Acute Test Species: DM-Daphnia magna
Comments: POS - Cu in NW PondsOutletWater

Conc-ug/L 1 2 3 4
D-Control 1.0000 1.0000 1.0000 1.0000

12.5 1.0000 1.0000 1.0000 1.0000
25 1.0000 1.0000 1.0000 1.0000
50 1.0000 1.0000 1.0000 1.0000

100 1.0000 1.0000 0.6000 1.0000
200 0.0000 0.0000 0.0000 0.0000

Transform: Arcsin Square Root Rank 1-Tailed Number Total
Conc-uglL Mean N-Mean Mean Min Max CV% N Sum Critical Resp Number

D-Control 1.0000 1.0000 1,3453 1.3453 1.3453 0.000 4 0 20
12.5 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 4 18.00 10.00 0 20

25 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 4 18.00 10.00 0 20
50 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 4 18.00 10.00 0 20

100 0.9000 0.9000 1.2305 0.8861 1.3453 18.660 4 16.00 10.00 2 20
200 0.0000 0.0000 0.2255 0.2255 0.2255 0.000 4 20 20

• Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk'sTest indicatesnon-normaldistribution(p <= 0.01) 0.5089 0.868 -2.7962 11.6732
Equalityof variancecannotbe confirmed
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU
Steel's Many-One Rank Test 100 200 141.421

Trimmed Spearman-Karber
Trim Level ECS0 95% CL

0.0% 131.95 120.23 144.81
5.0% 134.92 120.13 151.53

10.0% 136.08 128.49 144.12 1.0
20.0% 136.08 128.49 144.12

Auto-0.0% 131.95 120.23 144.81 0.9
0.8

0.7

• 0.6
C

_ 0.5
m
I_ 0.4

0.3

0.2

0.1 y0.0 ........._ ._ ..............

10 100 1000

Dose uglL
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": " - Acute Daphid-48 Hr Survival
Start Date: 04/15/2000 14:45 Test ID: 2863 Sample ID: WA0024651-Portof Seattle
End Date: 04/17/2000 LabID: WAPTL-ParametrixTox Lab SampleType: SRW2-1ndustrialstormwater
Sample Date: 04/14/2000 Protocol:EPAA91-EPA Acute Test Species: DM-Daphniamagna
Comments: POS - Cu in NW PondsOutletWater

Dose.Response Plot
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