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1 EXECUTIVE SUMMARY

During a twelve month period in 1998-99, the Port of Seattle characterized the

whole effluent toxicity(WET) of at least two stormwater samples from four

out"fallsat Sea-Tac International Airport (STIA.) This WET testing satisfies the

requirements of Special Condition$10 of the Port's NPDES permit (WA-002465-

1.) The WET tests used two aquatic organisms, a water flea (Daphnia pu/ex)

and the fathead minnow (Pimephales prome/as) to characterize the acute toxicity

of flow-weighted composite stormwater samples taken during two different storm

events. Two of these ouffalis were sampled on additional occasions to

corroborate results from the first two tests. The Port has previously submitted

the WET testing data to Ecology. This final report summarizes all results and

subsequent information gathered pursuant to the permit requirement.

Subbasins SDE4 (002), SDS3 (005), SDN1 (006) and SDN4 (011) were sampled

for WET testing. All test results for out'fallsSDS3 and SDN4 met the

Washington Department of Ecology performance standards for survival for each

organism. These two out'fallsdrain 79% (492 ac) of the airfield runways and

taxiways, or 51% of the total storm drainage area of the airport. Nine of ten test

results for out'fallSDE4, which drains 149 acres mostly consisting of access

roadways and the terminal and cargo building rooftops, also met the

performance standards. One of the fathead minnow results for an SDE4 sample

fell just below the performance standard. In contrast, seven of nine WET results

for outfall SDN1 fell below the performance standards and led to a subsequent

source-tracing investigation.

Supplemental sampling and analysis indicated that metals were the primary

source of toxicityin the SDN1 samples. After removal of metals by chelation

with EDTA, survival improved dramatically. Comparing these results to the

available literature indicated that zinc was the likely source of toxicity. Further
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investigationsrevealedthat about2 acresof zinc-galvanized metal rooftopon

the twoAFCOAir Cargobuildingswasthe principalsourceof the zinc.

Syntheticrunoffsamplesobtainedby sprayingdomesticwater on the rooftops

alsoexhibitedtoxicityand considerablezinc.. The Portis investigating

alternativesto remedytheapparentsourceof toxicityoriginatingfrom a tenant-

ownedfacility. Followupsamplingwilldemonstratethe effectivenessof the

remedyselected.
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2 INTRODUCTION

The Port of Seattle owns and operates Seattle-Tacoma International Airport

(STIA) which lies about midway between the cities of Seattle and Tacoma,

Washington. The airport was built in the 1940s and expanded throughout the

years to become the'18 thbusiestairport in the U.S. (POS, 1999a.) As the airport

grew, the areas surroundingthe airport urbanized and incorporated as the cities

of Seatac, Des Moines, and Burien.

STIA storm drainage discharges from 14 principal subbasins through a variety of

ouffalls; four that drain to Miller Creek1, eight that drain to Des Moines Creek,

and two that drain to a City of Seatac stormwater system. The storm drain

system (SDS) connected to these outfalls drains a 963 acre area, which contains

about 44% impervious surfaces. Another 370 acres of impervious surfaces

where aircraft are serviced (terminal gates and ramps) drain to the Industrial

Wastewater System (IWS) and the IndustrialWastewater Treatment Plant

(IWTP.) The IWTP discharges directly to Puget Sound through a marine ouffall

that combines dischargesfrom the nearby Midway Sewage Treatment plant.

The IWTP was not monitoredas part of the WET testing, therefore this report

pertains only to SDS discharges.

In 1994, the Port secured a National Pollutant Discharge Elimination System

(NPDES) permit for the stormwater and IWTP discharges. The required

intensive stormwater monitoringprogram has been in place since 1994, and has

. generated a considerable volume of sample data. As another part of this permit,

the Port implements a Stormwater Pollution Prevention Plan (SWPPP, POS

1998) and stormwaterbest management practices (BMPs.) The permit was

renewed in 1997 and a revised permit took effect in March 1998. Special

MillerandDesMoinesCreeksflowdirectlytoPugetSound.
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Condition $10 of the Port's NPDES permit requires the Port to conduct WET

testing on stormwatersamplesfrom subbasins SDF_.4,SDS3, SDN4 and SDN1

for two stormevents. These four subbasinsencompass 68% of the total SDS

service area and contain most of the iandside and airfield activity.

2.1 WET Testing Background

In Washingtonstate,only elevenNPDES permitteeshave performed WET

testingonStormwateror a mixof stormwaterand industrialwastewater(WDOE,

1998a.) WET testingis a commoncompliancerequirementfor pointsource

wastewaterdischargessuchas pulp millsandwastewatertreatmentplants.

WET testingimprovesuponchemical-specifictestingbecauseitmeasures

aggregatetoxicity,or lackthereof,addressesunknowntoxicants,and takes

bioavailabilityintoaccount.

In accordancewith EPAprotocols(EPA, 1991), WET testingat STIA was

performedon 100% Stormwatersamplesplusa seriesof samplestested at

specificdilutions.Resultsare expressedas percentsurvivalfor the100%

sampleplustheLC50, NOEC and LOEC estimatesgeneratedby the dilution

series2. Source-tracinginsubbasinSDN1 used 100% (undiluted)samplesonly

All WET testingwas performedby Parametrix,Incorporated,(1999a-e) and

followedthestate and federal guidelines(WDOE 1998b, EPA 1991.) WET

testingandotheranalyseswere initiatedwithinacceptableholdingtimes.

2The LC50 is the concentrationof =ample where50% survival of the test organismoccurred. The no

observedeffectconcentration(NOEC) is the mtudmum concentrationof the test sample that produces no

statisticallysignificantharmfuleffect on the test organism=;comparedto controls in a specific test. The

lowestobservedeffect concentration(LOEC) is the lowest concentrationthat has a statistically significant

deleteriouseffect on test organisms compared to controls ina specific test (Rand, 1995.)
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Chemical specific analyses were conducted by Aquatic Research, Incorporated,

which is an Ecology-accredited laboratory. All WET testing data reports have

been previously submitted to Ecology for review.

2.2 Sampling Methods

All samples tested were collected as flow-weighted stormwater composites using

ISCO model 3700 automatic samplers and model 4150 or 4230 fiowmeters3.

Samples generally represented the majority of runoff and are thus considered as

event-mean concentrations(EMCs), a commonterm used in the literature to

judge intra-event representativeness and inter-event comparability of a

stormwatersample. Composite samples taken for the SDN1 source tracing

study were collected concurrently using three automatic samplers programmed

to sample a similar duration of the hydrograph from each upstream source area.

The SDN1 source tracing also used grab samples taken automatically and

manually at several of the upstream locations. Quality assurance procedures

and quality controlsamples were adequate to ensure valid results. The results

of the Port's routine quality control field blanks and duplicates indicate ongoing

effective samplingtechniques (POS, 1999c.)

Samples were collected usingthe =clean techniques" approach for trace metal

sampling (EPA method 1669) adapted for stormwater sampling (EPA 1995, POS

1999d,) Results from field equipment blanks indicated that these techniques

were generally adequate. Ecology reviewed an outline of the Port's sampling

protocolin June 1999 and agreed the sampling procedures satisfied the

requirements of clean techniques (POS 1999e.)

3Samplingproceduresfor WET testingwork were consistentwith the Port's routineNPDES stormwater

monitoringprogram, describedin the Ecology-approved=ProcedureManual for StorrnwaterMonitoring at

Sea-Tac InternationalAirport, revision6, April22, lggg" (POS lgggb)
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2.3 STIA Storm Drainage SubDasin$

The Port codes STIA stormdrainage subbasin names according to location, for

example, "SDNI" means "storm drain north number 1." The NPDES permit

refers to ouffalls by number; however, this report refers to subbasins and their

ouffalls by location names (both identifiers are used in subsequent tables). The

Port also identifies manhole or other specific locations within a particular

subbasin accordingto an alphanumeric scheme. Figure 1 shows the stormwater

drainage subbasins.

Two of the subbasins with discharges tested for WET, SDS3 and SDN4

comprise 51% of the total STIA storm drainage area. These two subbasins drain

the majority of the airfield runways, taxJwaysand aircrafl "hardstand" areas that

make up the airfield operations area (AOA). in contrast, the other two subbasins

with discharges WET-tested, SDE4 and SDN1 drain the "landside" areas and

comprise 17% of the SDS. These landside areas are mostly associated with

passenger vehicles, including public roads such as the airport access freeway,

Air Cargo Road and portionsof International Boulevard.

Recent Annual Stormwater Monitoring reports showed that the concentrations of

metals and other constituents were lower in airfield ouffall samples when

compared to results from the landside subbasin outfalls (POS, 1996, 1997.) In

the past few years, the Port has constructed a number of source-control best

management practices (BMPs) that reroute storm drainage to the IWS for a

number of airfield and landsi0e areas, including an entire SDS subbasin (SDN2).

8
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3 RESULTSAND DISCUSSION

3.1 General results

Results of the WET tests performed on stormwater samples from ouffalls SDE4, SDS3, and

SDN4 met Ecology's WET testing performance standards4. However, results from out'fallSDN1

exhibited aquatic toxicitythat was subsequently traced to metals leaching from uncoated

galvanized sheet metal rooftops. According to the manufacturer's literature, the coating on this

commonsheet-steel roofing productcontains 43% zinc by weight (Bethlehem Steel, 1995.)

Because the WET test results from ouffalls SDS3 and SDN4 demonstrated no toxicity, sampling

requirements for these two ouffalls were completed early in the program during the fall and

winter months of 1998-1999. All test results for these 2 ouffalls met Ecology's performance

stan0ards for individual results sothat additional testing was not necessary. Outfalls SDE4 and

SDN1 were sampled during additional storms to corroborate results from the first two tests. For

SDE4, the additional sampling and WET testing met the required standards. As a result,

further testing was not necessary. Of the five samples evaluated for WET for outfall SDE4, the

average survivalof 96% for the daphnid and 85.8% for the fathead minnow met the Ecology

performance standards. However, samples collected from SDN1 continued to exhibit toxicity.

As a result, the Port engaged in the SDN1 source-tracing study described below.

Table 1 summarizes WET testing resultsand lists the relative percent rank for each

supplemental analytical result (metals, TSS, etc.). Though not required to do so, the Port

analyzed these additional chemical-specific parameters to characterize the WET test samples

and compare resultswith the 5-year data history for each ouffall. Because the results were

withinthe ranges of the historical data for each outfall, the WET test samples are considered to

-be comparable to other historical samples. Appendix A liststhe individual sample results and

ranks. Table 2 lists the other WET metrics reported: NOEC, LOEC and LC50.

4Accordingto WAC 173-205, for acuteWET tests the average survival in 100% effluentmust be at least 80%, and no single

sample must have Jessthan 65% survival. Forouttall SDE4, one of ten test results exhibited63P/.survival, just below the

minimumperformancestandard of 65% survival for a single test.
11
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Table I WET Testing Summary

-- WET, % survival

Outfali Sample

(#) date daphnid fathead note

SDE4 11/19198 90 100

(002) 1/21199 100 98 2

2/23/99 3

3/24/99 95 98 3

712/99 100 70 3,4

Average 96 85.8

SDS3 11113/98 90 98

(005) 1/14/99 80 95

Average 85 96.5

SDN1 11/13/98 .............

(006) 1/14/99_
3/24/99_ 3

5/11/99_ nottested 3,6

7/2/99 nottested_J__ 3,4,5

11/6/99_ nottested 3,6imgmlmmmlllllmlml

Average 37 53.5

SDN4 11/13/98 75 100

(007) 1/14/99 100 100

Average 87.5 1O0

ShaO_l valuesindicate_ individualresultwas iNkowttm perlormw_cestanaam of65% survtwd.

Nora for Table:

1. allssmpios were flow-wei_tecl composite stormwater samples

2. SDE4 Jan 20, 1999 =_rnple:fa&Nmdtestdurationwas 48-hr insteadof 96-hr

3. RetmtKI to corrobori/previous ru_r_.

4. July2, 1999 samples:fldheadcontrol survivalof 72.5% was belowthe perlormarcestandardof >90°/..

5. July2, 1999 SDN1 sernple:insufficient# of _-ge,-,ismstostart¢laphnldtest.

6. Swnpietakenforsource-nclng

Table 2 Additional WET Test Metrics
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Sample Duration % survival inOuffall Date Test Date S_-___ies NOEC LOEC LOS0 100% Sample
SDN1 11/13/98 11/13/98 D. pulax 48hours 100% >100% >100% 80%
(006t 1/14/99 1/15/99 D. pulex 48 hours 100% >100% ,85.20%_ 30%

3/24/99 3/25/99 D. pulex 48 hours 50% 100% 74.00% 10%
7/2/99 7/3/99 D. pulex not tested

11/13/98 11/13/98 P. prom_ 96 hours 50% 100% 89% 40%
1/14/99 1/15/99 P. prom_ 96 hours 100% I>10o%>100% 78%
3/24/99 3/25/99 p. prornelas 96 hours 50% 100% >100% 63%
7/2/99 7/3/99 P. promalas 96 hours 50% 100% 88% 33%

SDN4 11/13/98; 11/13/98 D. pulex 48hours 100% >100% >100% 75%
(011) 1/14/99 1/15/99 D. pulex 48 hours 100% >100% >100% 100%

11/13/98 11/13/98 P. promelas 96 hours 100% >100% >100% 100%
1/14/99 1/15/99 P. promelas 96 hours 100% >100% >100% 100%

SDS3 11/13/98 11/13/98 D. pulex 48 hours 100% >100% >100% 90%
(005) 1/14/99 1/15/99 .D.pulex 48 hours 100% >100% >100% 80%

11/13/98 11/13/98 P. promelas 96 hours 100% >100% >100% 98%
1/14/99 1/15/99 P. prometas 96 hours 100% >100% >100% 95%

SDE4 11/19/98 11/20/98 D. pulex 48 hours 100%=>100% >100% 90%
(002) 1/21/99 1/22/99 D. pulex 48 hours 100% _>100% >100% 100%

2/23199 2/23199 D. pule,< 48 hours 100%1>100% >100% 95%
3/24/99 3/25/99 D. pulex 48 hours 100%: >100% >100% 95%
7/2/99 7/3/00 D. pulex 48 hours 100% >100% >100% 100%

11/19/98 11/20/98 P. promelas 96 hours 100% >100% >100% 100%
1/21/99 1/22/99 P. prometas 48hours 100% >100% >100% 98%
2/23/99 2/23/99 P. promelas 96 hours 25% 50% >100% 63%
3/24/99 3/25/99 P. promelas 96 hours 100% >100% >100% 98%
7/2/99 7/3/99 P. promelas 96 hours 100% >100% >100% 70%*

* inthistest, survival inthe controlof 72.5% did notmeet minimumacceptabilitycriterionof 90%

3.2 SDN1 source-tracing

-Aclditional stormwater samples collected from outfall SDN1 continued to exhibit toxicity.. To

address this, the Port developed a multiphase source-tracing study using additional stormwater

sampling and testing. The approach used concurrent WET testing and chemical-specific

analysis of stormwater samples to reveal clues about specific sources of toxicity. Because the

first three samples showed that the daphnia were more sensitive, source-tracing samples were

tested using only Daphnia pulex in 100% sample concentration.
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Because stormwaterfrom SDN1 has historicallyexhibited higher zinc concentrationsthan other

ouffalls (see Figure 2), thismetal was suspected as a potential source of toxicity. Note the

considerable number of historical samples (twenty for SDN1) denoted by "N=" below each

boxplot inthe figure. Based on this information,this additional effort focused on metals and

used a chelation technique to determine if particular metals were responsible for any toxicity

observed in these subsequent WET testss. During these additional sampling events in SDN1,

upstream source area runoffsamples were also tested to determine where and under what

conditionsthe problemsoccurred. These potentialsource areas upstream of the SDN1

sampling location isolate runoff from the Transiplex rooftops (a total of 4 buildings), AFCO

cargo building rooftops(2 buildings), and Air Cargo Road (which also contains runoff from the

recently constructedeast expansion of the FedEx building rooftop.)

Total RecoverableZinc

Sea-Tac Airport Ouffalls
.60

•o
_1 .30

_ .20 "_

.10

o.oo _--
N= 6 4 35 20 17 19 23 21 2 39 22 2

B SDE4 SDN2 SDN4 SDS2 SDS4

D SDN1 SDN3 SDS1 SDS3 SDW3

Ouffall

data rangeJuly1994-June1999

Figure 2 Boxplot of Zinc in STIA Stormwater Samples

sChelation isthe chemicalprocesswherebyions,free metals in this case, are rendered non-bioavailableby bindingto a host

moleculethat forms a stablecomplex. Free metal ionsthat are"bioavailable"are the form generallyconsideredto be

responsiblefor toxicityto aquaticorganisms.
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3.2.1 Summaryof source-tracingresults

Initialsource-tracingand metalschelationconfirmedthat zinc wasthe principal,if notsole

toxicantpresent.Total recoverable('rR) zinc concentrationsrangedfrom 120 to 487 pg/I which

werewithinthe 11thto 78 thpercentilesof historicaldata for SDNI. In four compositesamples

tested,dissolvedzinc rangedfrom33 to 117 pg/I, and comprised18 to 58% of the totalzinc.

These SDN1 samplesgenerallyhad higherdissolvedzinc than samplesfromthe otherout'falls

subjectto WET testingwheredissolvedzinc rangedfrom 12 to 49 pg/I (see AppendixA.) The

discussionsbelowfocuson metals,becausein generalotherconstituentswere notassociated

withsurvival.AppendixC summarizesthe sourcetracingsampleresults.

Treatingthe SDN1 sampleswithchelatingagentsthat binddissolvedmetalsconfirmedthat

metalswerethe principalsourceof toxicity,withspecificindicationsfor zinc. Samplestaken

from SDN1 drainageisolatedfromspecificrooftopsand othercontributoryareas indicatedthat

the zincwas primarilyassociatedwithuncoatedgalvanizedrooftopsof theAFCO cargo

buildings,butnotthe nearbynon-metalrooftopsof the five nearby Transiplexbuildings.

Syntheticstormrunoffsamplesobtainedaftersprayingdomesticwateron the AFCO rooftops

showedzinc concentrationsandtoxicitysimilarto the actualstormsamples. The domestic

waterwas nottoxic andhad about15 timesless zincthan the syntheticrunoffsample. These

resultsindicatedthatthe AFCO rooftopswere the principalsourceof zinc. However,other,

less significantsourcesmayexist inthe SDN1 subbasin.Once theprimarysourceof toxicity

(AFCOrooftops)is eliminated,additionalsamplingshouldbe preformedto determine the

effectivenessof thesolution. If SDN1 dischargescontinueto fall belowthe WET pedormance

standards,additionalsamplingandsourcetracingshouldbe undertaken.

The followingsectionsprovidedetails on the sampling,analysisand results of the source

tracingas wellas a discussionof thepotentialsourcesof toxicity.

15
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3.2.2 Field Investigations

Plans and field investigations verified that only reinforced concrete pipe (RCP) and plastic

(PVC) piping is used in the SDN1 drainage area studied. None of this drainage passed

through corrugated metal pipe (CMP),a potential source of zinc due to galvanized coatings.

Also, unlike the other subbasins evaluated for WET, drainage maps and field conditions show

that SDN1 runoff receives little to no contactwith vegetation and soils; runoff flows directly from

the impervious surfaces into the constructeddrainage system. AppendixB contains

photographs showing the general layout of the SDN1 area under study.

AFCO Cargo Buildingsand Their Drainage

Building plans indicated thatthe twoAFCO buildingswere constructedabout 1989. The plans6

calledfor roofingmaterialusinguncoatedgalvanizedsheet-steelroofing(POS 1990,

BethlehemSteel, 1995.) Fieldreconnaissanceverifiedthat indeedthe roofingmaterialon

AFCO building#2 wasgalvanizedand uncoated. Accordingto STIA drainagemapsthe total

roofarea is about2.2 acres,whichis similarto the buildingplans. Becausebothbuildings

were designedandbuiltas partof thesame project,the as-built conditionsof the roofing

materialon AFCO building#2 are assumedto be the sameas that on building#1.

These rooftopsrepresent25% of the total SDN1 area drainingto manholeSDN1-41, the

currentsubbasinSDN1 samplingstationfor NPDES permitcompliance(see Figure3 and

Figure4.) Otherfield inspectionsverifiedthat drainage fromthese rooftopswas the principal

dischargepresentinthe 10 inchRCP inletto manholeSDN1-41 fromSDN1-34. The rooftopis

in goodcondition,andhas abouteightsmallventilationstacks,a singleair conditioningunit,

-and nootherequipmentinstalled. Seethe photographsin AppendixB.

e STIA drawing9029 indicatesthat the buildingfabricator was Ruffin Pre-Fab, Inc., of Oak Grove, LA. During a telephone call

to thiscompany, a Ruffinemployee indicatedhisfamiliarity with the AFCO building(previouslyknown as =Avia')project and

suppliedthe material specificationcited above.

16
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Otherminoramountsof runofffroman area of about500 square feet of pavementalong the

Eastsideof thisbuildingat loadingdock numbersEl) to E13 (see AppendixB) also combines

wtththeAFCO Air Cargobuildingrooftopdrainage. To preventthis drainage frominfluencing

the subsequentsamplestakenin thisstudy,the outletof the trenchdrainthat receivesthis

runoffwas blockedbeginninginJune 1999. Pondingclueto this blockagedidnotoccur

becausethe affectedrunoffflowsimmediatelyto the adjacenttrench drainalong loadingdocks

E7 to Eg. Thissecondtrenchdrain.connectsto the IWS, unlikethe formerwhichshouldbe

consideredfor a drainageremutefromSDN1 to the IWS. These drainageconnectionswere

verifiedduringdry-weatherflow and/ordye testingin March 1999.

Figure3 SDI_I SubbaeinMap
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Figure 4 SDN1 Source Tracing Sampling Locations
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3.2.3 Sampling Locations

Sampleswere collectedprimarilyin the three pipesinmanholeSDN1-41 that aggregate

drainagefromvarioussourceareas. Grabsampleswere also takenat othermanholes further

upstreaminthe systemto isolatedrainagefromspecificsource areas anddeterminetheir

relativemetalsconcentrations.These locationsare summarizedbelowand shownin Figure3

andFigure4.

1. SDN1-41 manhole: 36" RCP outlet to SDN1-042:

• This is the routineNPDES compliancesamplinglocationfor SDN1 that aggregatesall

upstreamPOS drainage. Initialindicationsof toxicitywerefoundhere.

2. SDN1-41 manhole:36" RCP inlet fromSDN1-31

• ThispipeaggregatesdrainagefromAir CargoRoad,and theTransiplexand FedEx

rooftops,called"roadaggregate"below(labeled=41-31"in AppendixC)

3. SDN1-41 manhole:10" RCP inletfromSDN1-34

• Thispipeaggregatesdrainagefrom locations5, 6, and7 below(the twoAFCO cargo

buildingsandthe loadingdockmentionedbelow(labeled"41-34" inAppendixC))

4. SDN1-27 manhole:24" RCP inletfrom SDN1-26

• This locationisolatesdrainagefromthe fourTransiplexbuildingsA, E,F and G rooftops

(about3.3 acresof rooftops)

5. SDN1-32 manhole:.6"PVC inletabout3 feet belowthe manholerim (notshownon Figure4)

• This locationisolatesdrainagefromthe loadingdocktrenchdrain along the east side of

AFCO building#2 (about500 squarefeet of pavement)

6. SDN1-32 manhole: 10" RCP inletfromthe south, bottomof structure

• This locationisolatesdrainagefrom AFCO building#1 rooftoponly

7. SDN1-33 manhole:6" PVC inletabout3 feet belowthe manholerim

• This locationisolatesdrainagefromAFCO building#2 rooftoponly

19
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3.2.4 Initial ScreeningSamples

To determinethe relativeconcentrationsof metalsoriginating from the various source areas,

grab sampleswerecollectedduringan initialscreeningof runoffthe seven locationslisted

above. Notethat locations2 and 3 aggregaterunofffromthe multiplesourceareas upstream

of the samplinglocationwheretoxicitywas indicatedduringthe initialWET testing. Three

stormeventswere sampledinearly 1999: January13 (1.07"), March8 (0.28") and March 24

(0.28.".)Duringthe firstand lastof these three storms,grab sampleswere taken duringthe

risingand fallinglimbsof the runoffeventto determinethe relativedegree of temporalvariation.

AppendixC containsthesampleresultsthatare plottedin Figure5 and Figure6 below. For

relativecomparisons,these figuresshowhistoricalinterquartileranges(dashed lines for the

25thand75'hpercentile)for SDE4,a comparablelandsidesubbasinwith considerableroadway

and rooftopdrainage,butonethat didnotexhibitWET toxicity. Workingleft to rightin the

figures,the resultsindicatethe following7.

1. Concentrationsof copperand zinc inTransiplexrooftoprunoffsamplesshowed:

• consistentlylowerconcentrationsthan other locationssampled,

• dissolvedzincgenerallyan order of magnitudebelowresultsfromthe other rooftops,

• littledifferencebetweensamplestaken at differenttimesduringthe discharge(denoted

bya sequencenumberafterthe sampledate),

• littledifferenceamongall samplesfromthe three stormevents,and

• resultslessthanthe interquartilerangefrom landsideouffallSDE4.

2. Runofffrom the loadingdock trench drain generally had higher copper and zinc than the

othersourceareastested,and was higherthan the medianfor SDE4.

3. Comparingsamplesof runoffisolatedfrom each of the two AFCO buildingrooftops
indicates:

• copperandzinc were similarbetweenthe twobuildingsamongthe differentevents,

7 Because dissolvedleadwas generally lessthan detection limits, it is not shown in thefigures.
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• thesecondsampleof the March24, 1999 eventhad morethan doublethezinc of the

earliersample,and

• despitethe presenceof the minorrunofffromthe loadingdocktrenchdrain, metalsin the

aggregaterunoffof bothAFCO rooftops(=AFCOroofs')ware similarto and

approximatedan averageof thesamplesof runoffisolatedfromeach rooftop("AFCO #1,

AFCO #2".)

4. Comparingthe Road and AFCO roofsaggregatesamples,resultsindicate:

• TR copperwassimilarandwithinor belowthe interquartilerange for SDE4,

• inthe Roadaggregatesamples,TR zincwas withinthe interquartilerange for SDE4, and

variedlessthanthe rooftopsamples

• intheAFCO rooftoprunoff,TR zinc variedto a greaterdegreethan the road aggregate

samples.Two rooftopsampleshadconsiderablyhigherTR zinc than the road samples

andexceededthe SDE4 interquartilerange.

5. In general,metalswere mostlypresentinthe dissolvedform inall samples. Dissolvedto

total recoverablemetalsratiosforcopperand zinc rangedfrom0.21 to 0.91, with an

averageof about61% dissolved.Total recoverablezinc resultsfrom theAFCO building

rooftopsduringthe March24, 1999 eventrangedfrom66 to 92% dissolved.

6. Overall, hardnesswas lowinall samples,whichis notsurprisinggiventhat the runoffhas

littleto no contactwithsoilsudaces. Ingeneral, lowerhardnesscausesmetalsto be more

toxicat lowerconcentrations.

Basedon theseinitialfindingsof thesourcetracingstudy,the ensuingworkincorporatedthe

-followingconsiderations:

• itwas unlikelythattheTransiplexrooftopscontributedtoxicconcentrationsof metals,

• the loadingdocktrenchdrainwasblockedto excludethisdrainagefrom mixingwiththe

AFCO rooftopdrainageduringthenextsource-tracingsteps. A permanentBMP should

be institutedto removethisdrainagefromSDN1 as partof the SWPPP (POS 1998), and
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• subsequentWET testingandchelationevaluationsin this projectfocusedon samples

fromthree locationsinmanholeSDN1-41: 1) the 10" RCP Inletthat aggregatesthe

AFCO rooftoprunoff,2) the 36" RCP inletthat aggregatesrunofffromAir Cargo Road,

andtheTransiplexand the FedExrooftops,and3) the 36" RCP outletbecause it is the

NPDEScompliancesamplinglocation. Samplestaken at thisoutletmeasurethe net

effectofthe combinedrunofffromthe twoinlets.

3.2.5 SubsequentWET Testingand ChelationResults

Laterin 1999,flow-weightedcompositesampleswere collectedfrom the three pipes(twoinlets,

oneoutlet)inmanholeSDN1-41 duringthreestormeventsandanalyzed forWET andspecific

chemicalconstituents.Two of these setsof sampleswere processedusingchelationto

determineif andto whatextentmetalswereassooiatedwithtoxicity. Samplesof runoff

producedbysprayingthe rooftopswithdomesticwaterwere also testedforWET andthe
chelationassociations.
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Figure5 Copperin InitialScreeningGrabSamples
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Chelation testing results

Chelation testingon the stormwateryielded interestingand meaningfulresults. After reducing

the bioavailabilityof metalsusingtwo differentchelatingagents,test organismshad higher

survivalrates. Therefore, metalswere confirmedas the sourceof toxicity.Furthermore,based

on the methodsof Hockettand Mount (1996), the patternof toxicityreductionfollowing

chelationconfirmedthatzinc8was indeed the mostlikely sourceof toxicity. These testsuse

EDTA (ethylenediaminetetraaceticacid) and sodiumthiosulphate(STS) as chelatingagents.

.Comparingbioassayresultsbefore and after adding these agents indicatesif and to what

degree metalsinfluencetoxicity. Accordingto the matrixdeveloped for this method,strong

8 Hockett and Mount's approach also suggestslead or nickel as potentialtoxicants, however, historicconcentrations of lead

and nickel in SDN1 samples were below levelsthat might have caused toxicity. Lead concentrationsanalyzed in samples

taken duringthis studywere similarly low, and generally not detected. Therefore, this approach indicatedzinc as the principal

metal attributablefor toxicity.
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toxicity removal by EDTA coupled with weak removal by STS indicateszinc as a likely source

(see Appendix D.)

Other parametersanalyzed, suchas surfactantsand ammoniawere not correlated with

survival. Forsampleswithlow pH, adjustingpH to withinacceptableranges producedlittleto

notoxicityreduction. Survivalin laboratoryblankswasunaffectedby the chelationtesting.

Table 3 summarizestest resultsdocumentedby Parametrix,Incorporated(1999f,g,h) with

detailsdescribedbelow.

Inthe May 11, 1999 samples,survivalwas 5% inthe SDN1 sample. Subsequentchelationwith

EDTA dramaticallyimprovedsurvivalto 85 to 100%. Becausethere was limitedimprovementin

survivalafterthe STS additions,resultssuggestzinc as the source of toxicity. In otherwords,

there were littleto no toxiceffectsdue to bioavailableformsof othermetals,suchas copper,

that tend to bindwith the STS. In boththe roadand AFCO rooftopaggregatesamplessurvival

was zero, indicatingsourcesof toxicityin drainagefrom each of thesesourceareas. Because

chelationtestingwasnot performedon samplesfrom these sourceareas, the originsof metals

and associatedtoxicityin the SDN1 sampleduringthisevent are not clear. It is importantto

notethat this stormwas relativelysmall (0.14") and that compositesamplestaken duringthis

event wouldnot meet the minimumrainfall depth criteria (0.20") for NPDES reporting(POS,

1999b.)

Because of problems associated with the WET testing for the July 2, 1999 event, chelation was

not pursued9. However, the metals results were still valid. There were few other suitable

storms for sampling until early fall 1999.

The November 6, 1999 samples tested were from a more typical storm of 0.68 inches. The

SDN1 sample and AFCO roof sample each showed a strong improvement in survival after

treatment with EDTA. In contrast, the STS additions yielded little to no improvements in

9

In the July 2, 1999 WET samples, there was an insufficient number of organisms to start the daphnidtest. Also, the fathead

minnow survival of 72.5% inthe control was below the acceptabilitycriterionof >90% for control survival.
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survivalfor thesetwosamples. The sampleof aggregate runofffromAir Cargo road, and the

Transiplexand FedExrooftopsbehavedsimilarly,thoughinitialsurvivalwas higher (70%) and

chelationresultslessdramatic. Notethat thisparticularsamplewouldhave passedthe

Ecologyperformancestandardsfor WET testing. Nonetheless,the chelationresultsindicatea

milddegreeof toxicityassociatedwith metalsin thisaggregatesampleof roadand other

rooftoprunoff,predominantlyzinc, andpossiblycopper. Total recoverablezinc was similar

betweenthe roadsandAFCO runoffsamples,yet, the dissolvedfractionin the roofsample

(0.097 rag/I)wasnearlytwiceas highthe roadsample(0.056 mg/l.) Copperconcentrations
were nearor belowlevelssuspectedto causetoxicity(lessthan0.010 mg/l.)

Synthetic runoff

Samplesof syntheticrunoffproducedby sprayingthe rooftopof theAFCO #2 buildingalso

exhibitedtoxicity,whilethesourcewater didnot. See Table 4. Two sets of screeningtests

were conductedon 100% roofrunoffsample,thedomesticsourcewater, anda control. The

domesticsourcewaterusedfor thistestwas sampledat the outletof the hoseon the tank truck

usedinthe test. The rooftoparea testedwaswell away fromthe singleair-conditioningunit, a

potentialsourceof metalsassociatedwithexposedcoolingcoils. Becausesamplevaluesfell

withinacceptabletest ranges,no pH adjustmentswere necessarypriorto WET testingthese

samples.

Copper and zinc were generally 2 orders of magnitudehigher in the synthetic runoff than the

domesticwater. Dissolved copper and zinc fractions were 58% and 52% of the total metals

measured in the roof runoff. Lead was not detected in either the roof runoff or source water

samples. The sourcewater showed non-detectable copper, lead and dissolved zinc. Total

recoverable zinc was about 16 times greater in the roof runoff than in the source water.

Therefore, these samples show that the roofing material readily leaches metals, particularly

zinc. And becauseabout half the total zinc was dissolved in this test, the results indicate that

the AFCO roofing generated some degree of metals in particulate form. It is unlikely that this

particulate fraction was due to atmospheric deposition considering that runoff samples from
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nearby rooftops of different construction (the four Transiplex building rooftops' material is a

non-metal, single-ply membrane) had much lower metals, especially zinc (see Figures 5 and 6).

Metals Sources Indicated

The WET testingand chelationpointto theAFCO Air Cargobuilding rooftopsas at least one

distinctsourceof toxicitywithzincas the likelytoxicant. The chemical-specificresultsindicate

thatzinc is associatedwiththebuild!ngmaterials,namelythe uncoatedgalvanizedmetalsteel

roofing. Othertestshaveshownthat dissolvedzinc is higher inthis roofrunoffthan for other

locations.Becauseof the limitednumberof samples,inconsistenttoxicityresponsesand

indicationsafter chelation,it is notclearwhetherthe aggregaterunofffromAir Cargo Road,

andthe Transiplexand FedExrooftopsis problematic,yet a limiteddegree of toxicity

associatedwithmetalsissuggested. Recentreconnaissancefoundthe FedExcargobuilding

rooftopmaterialsto also be uncoated,galvanizedmetalsimilarto the AFCO rooftops. This

easternportionof the FedExfacilitywasadded in 1997 and drainsto SDN1, unlikethe existing

westernportionthatdrainsto the IWS. However,correctiveactionsfor the AFCO metal roof

runoffsituationshouldbe pursuedas a firststepas itappearsto be the moresignificantsource

of toxicitydueto zinc. The Porthasalready initiateddiscussionswithAFCO and the roofing

materialmanufacturerto determinealternativesfor correctingthe situation. If subsequent

verificationWET testingof SDN1 runoffyieldsacceptabletest resultsno otheractionswouldbe

indicated.
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Table 3 Chelation Testing Results

Peroent_rvlvll

B)TA_ldlUon STSaddition

I_1 pit 0.6 $ 8 1 S 10

Date 8Mon pH unaclJumdadjured rag/! mg/I mg/I _ mg/!

5/11/99 SDN1 7.1 5% NA 85% 100% 100% 0% 40% 15%

5/11/99 Roadagg 611 0% 0% NA NA NA NA NA NA

5/11/99 AFCO 5.4 0% 25% NA NA NA NA NA NA

Roofs

5/11/99 Blanks 8.3 100% NA 100% 100% 100% 100% 100% 95%

11/6/99 SDN1 6.7 60% NA 95% 90% 90% 65% 60% 75%

11/6/99 Roadagg 6.8 70% NA 100% 100% 86% 90% 70% 60%

11/6/99 AFCO 4.9 0% 0% 5% 0% 5b'% 0% 0% 0%

Roofs

11/6/99 Control 7.5 100% NA NA NA NA NA NA NA
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Figure 7 Copper in composite Samples
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Figure 8 Zinc in composite samples

Table 4 Synthetic Runoff WET Test Results

Sample pH Percent
Survival

Test 1

Control 8.0 95%

Roofrunoff 6.7 0%

Sourcewater 6,7 90%

Test2

Control 7.8 100%

Roofrunoff 6,8 0%

SourceWater 6.8 100%

Table 5 Synthetic Runoff Metals Concentrations (mg/I)

Sample TR Cu DissCu TR Pb DiasPb TR Zn DissZn hardness

Roofrunoff 0.034 0.023 <0.002 <0.002 0.286 0.148 27.4

Sourcewater <0.002 <0.002 <0.002 <0.002 0.018 <0.005 23.8
i
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4 CONCLUSIONS

The samplescollected and tested to satisfy'the NPDES permitcondition for WET testing

supportthe followingconclusions.

1. No furtherWET testingis necessaryfor out'fallsSDS3 (005) and SDN4 (011) because

samplesof thesestormwaterdischargesmet Ecology'sWET testingperformance

standards.

2. No furtherWET testingis necessaryfor ouffallSDE4 (002) becausethe repeat testing(2

samples)metperformancestandardsand didnot indicatea continuationof the slightly

below-standardsurvivalfor onlythe fathead minnowobservedin the February 1999 sample.

3. The sourcetracingof problematicWET test resultsfor SDN1 yieldedmeaningfulresults

indicatingthe need for BMP actions. Specifically,thissource-tracingshowedthat:

• toxicitywas causedby metals,principallyzinc, that originatedfrom uncoatedgalvanized

metalroofingon two cargobuildings(AFCO Air Cargo),

• runoffsamplesfromthe othermajorcargobuildingrooftopsinthe area that had non-

metalroofingmaterial(Transiplex)had much lowermetalsthat are not suspectedto

causetoxicity,and

• theremaybe other, lesssignificantsourcesof runofftoxicityinthe SDN1 subbasinthat

maywarrantfurtherinvestigationif correctiveactionsfor theAFCO Air Cargo rooftopdo

notresultin SDN1 dischargesthatmeet performancestandards.

Based on the findings of the source-tracingstudy for SDN1, the following recommendations

should be considered.

1. Mitigate the runoff from the 2 AFCO Air Cargo building rooftops. Alternatives include

coating, sealing, or removing and replacing the galvanized roofing material. Treating the-

runoff to remove metals may not be cost effective over the long term. Rerouting the rooftop

drainage to the IWS is not consistent with IWS management strategies. Note that the

AFCO buildings are tenant-owned facilities not operated by the Port of Seattle.

2. Follow up after mitigating the AFCO rooftop runoff by evaluating SDN1 stormwater for WET.

Investigate the other potential sources if these follow-up results are unfavorable.
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3. Preventfuture use of uncoated galvanized roofing without coating, or require material

leaching tests.

4. Correct the inappropriate connection of the trench drain near AFCO building #2 loading

docks E9-E11.

5. Update drainage maps to include the roof and trench drain connections found in the study.
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6 APPENDICES
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6.1 Appendix A WET Tasting Data Summary
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6.2 Appendix B Photographs
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6.3 Appendix C Source Tracing Results
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6.4 Appendix D Matrix for Interpreting Chelation TestResults
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Toxict), Removal by EDTA
Strong, Weak None

=x Copper chloride

__= Cadmium chloride Silver Chloride
Mercury ELI]chloride (24h)ill

emil
all

IiIIm
r
m

._ Zinc chloride
_,_ _ Manganese chloride¢_ Lead mtrate Sodium selenate

_: Nickel chloride Mercury Ill] chloride (48h)

_m
m

¢D

Iron[II] chloride
._ Chrormum Jill] chloride

_ Potassiumdichromateg_

"---- Z Sodium arsenate
" Sodltlm arsenile

Sodium selenite
Alurmnum chloride

ill

Modified from Hockett and Mount, 1996
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