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Executive Summary

Enrichment of aquatic systems witbpper and zinc camave adverse effects arvariety of
organisms in both freshwater and marine environméntie Puget Sound regiotppperis of
particularconcerndue to sublethal effects on salmonids in freshwateese effectsan occur at
low concentrations, oftelnelow criteria established to protect aquatic organisms (Meyer and
Deforest, 2018)A recent review of data from the Puget Sound basin indicatesappérand
zincin stormwater are often found at levelsceeding water quality criteria for the proteotif
aquatic life, particularly irommercial and industrial are@idobbs et al.2015).

To address concerns about toxic chemical contamination of aquatic sytsteM&shington

State Department of Ecology (Ecology) along with other agencies conducezdl studies to
assess releases of toxic chemicals from nonpoint soditeBuget Sound Toxics Loading
AssessmerfPSTLA; Norton et al., 2011a) calculated estimatesagperandzinc releases from
various materials and activitiegs well asnformation on delivery and loading ocbpperand

zincto Puget SoundDne of the important findings suggested in the PSTLA study, based on a
literature review, was that building roofs released large quantitBa@fandcopperto a lesser
degreeDueto uncertainty about these findings, Ecology decided more information was needed
to assess this conclusion before developing possible source control actions.

Results from the PSTLA study prompted Ecology to conduct a rigorous study of runoff from
roofing materials using a variety oéxperimentaftoof panels(Ecology Roofing Studywinters

et al., 2014)The Ecology Roofing Study found that most common roofing materials released
small quantities ofopper zinc, and other chemicalklowever, some data gapsmained
regarding chemical releases from older roofing materials, roofs with longer runs and more
contact with rainwater, and the impact that additional roofing components not analyzed (e.g.
exposed fasteners, flashing) might have in-veadld situatiors.

Based on results of PSTLA and the Ecology Roofing Study, a number of data needs were
identified in order to addres®npointsources otopperandzinc. In particular, the release of
copperandzinc from specificnonpointsources in the Puget Sound mgiwvere still unknown.
Ecology began th€opper and Zinc in Urban Runaffudy in 2016 to address these data gaps.

The Copper and Zinc in Urban Rundffudy consists of two part€uzZn Phase andCuZn

Phase 2The initial phas€CuzZn Phase)lwa s atopd d e § kK o r t nofpoirtsowscesd o0 n
confined to a relatively small industrial/commercial $asin in the southern Puget Sound
region.Release rates were estimated from literature values, GIS analysis, and local precipitation
data (Bookter, 2017a).

The present studguZn Phase Jds a field sampling effort intended to fulfill some of the
recommendations from tl@uZn Phase teport.Sampling was conducted groundtruth some
of thecopperandzincrelease estimates derivedGunZn Phase .ITo achiee this, rainwater
washoffwas sampled during six rain events in 2@b8 analyzed for copper and zint\eT
following components of the built environment were sampled:

Copper and Zinc in Urban RunofPhase 2 1



Building roofs
Building siding
Roof gutters

Light standards

= =2 4 A -

Chainlink fencing

Finding s and Conclusions

Washoff water was collected in 99% (104 of 105) of attempts to collect roof and gutter samples,
56% (40 of 72) of siding samples, and 90% (27 of 30) elaknand light standardamples.

Total copperandzinc were detected in all washafmples, and dissolvedpperandzincwere
detected in all samples for which they were analyzed.

Among all materials analyzedppperconcentrations were much higher in washoff from newer
(<5 years old) asphalt composite roofs containing atgaistangranulesZinc concentrations in
washoff from uncoated galvanized materials (cHisik and light standards) were much higher
than in washoff from other materials.

Copper anainc concentrations in washoff were combined with measurements of washoff
volumeand surface areas to derive release rates for all materials analyzed (T-4bl& ESe
release rates were then used to calculate annual releases on a mass basis (i.e., lostg)yin the
area.

Results fronCuZn Phase 8uggest thathe overall magnitudef copperandzinc releases from

the sampled materials appears tarhech lower than previously estimated in the PSTLA and
CuZn Phase $tudies The estimated median annual release from all materials of interest within
the 18.6 knt (7.2 squarenile) studyarea is approximately 6 keppper(range 0.1300 kg) and

70 kgzinc (range 20500 kg).In contrast, th&€CuZn Phasd. study estimateglerived from

literature, werelO kgcopper(range 4600 kg) and 300 kginc (range 801,100 kg).

Both phases of the studgnclude that the bulk aoppereleased from the materials analyzed
would originate from asphalt shingle roofs with algasistant granules:or zinc, theCuzn
Phasel study estimated nearly equal releases stemming from roofing, siding materials, and
chairtlink fencing.However, results of the present study suggest the buainofelease
originates from uncoated chaink fencing. The CuzZn Phasd study appears to evestimate
releases from building materials, particularly siding.
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Table ES-1. Total copper and zinc release rates for materials sampled during storm events for the CuzZn
Phase 2 study.

Total copper release rate Total zinc release rate
Material mg/m?/yr) (mg/m?/yr)
category Material type Min Median | Max Min Median | Max
Roofing and| Asphalt shingle with AR5 40 120 1,100 23 74 99
Gutter yrs old
Asphalt shingle with AR 0.28 59 87 23 34 270
>10 yrs old
Painted metak5 yrs old 0.015 1.6 3.7 0.92 30 509
Painted metab10 yrs old | 0.058 0.72 8.3 6.6 34 1,400
Ethylene propylene dienel , 4.0 15 45 140 280
terpolymer
Thermoplastic polyolefin| 0.050 1.0 7.9 0.67 11 79
Painted metabutter 2.5 0.16 1.3 -3 22 38
Siding Painted fiberboard 0.0095 | 0.016 | 0.084 | 0.011 | 4.2 16
Painted steel<5yrsold | 0.0028 | 0.017 0.30 | 0.19 0.53 7.0
Painted steeb10 yrs old 0.013 0.037 0.21 0.061 0.53 34
Painted wood 0.0082 0.026 0.031 | 0.092 0.42 1.2
Other Unpainted chaidink
fencing 0.086 0.53 1.6 280 930 1,700
Unpairted galvanized light
standards 0.032 0.16 0.32 100 510 1,000

AR= algaeresistant granules
2Releasaates were higher in the roof than in the roof/gutter combination

From this sampling effort, the following conclusions can be drawn:

1) Overall rain washoff from most roofing materials in the built environment does not contain
high concentrations afopperor zinccompared with literaturbased estimates (e.§STLA
[Norton et al., 2011adndCuZn Phase |Bookter, 20173g] This is consistent with findings
from the Ecology Roofing StudyWinters et al., 2014)

2) Some roof typedorelease appreciable quantitiescopperandzinc per unit area

a. Copperfrom newer asphalt shingle rodqts5 yeas old) that use algaeesistant grames
releasecopperat rates up to two orders of magnitude higher than other roof types
analyzed.

b. Copperreleases from algaesistant asphalt roofgppear taiminish as the roof ages.
This is supported by the finding thaipperfrom older asphalt shinglroofs(>10 yeas
old) that use algaeesistant granules releasgpperat rates an order of magnitude lower
than newer material.

c. Zinc can be released at highncentration®y older painted metal roo{80 yearss old).
However, this finding is based orsegle roof at this agéive newer painted metal
roofs( O 1 2 soid)oatheir companion metal painted guttdig not release high
concentrationsf zinc.

3) Washoff from painted siding has higher concentratiorsrafthan roof washoffcopper
concentrationaregenerally lowWhile not investigated for the present study, it is possible

Copper and Zinc in Urban RunofPhase 2 3



that weathered paint is the main sourcein€ from siding washoff.

4) Materials that are composed almost exclusively of galvanizedstéelnlink fencing and
light standards in the case of the present studiease high quantities minc but little
copper However, it does not appear that there is substantial enrichmancaf roof
washoff due to rainwater contact with ancillary roofing componenth asdsteners and
flashing that might also be composed of galvanized steel.

5) Older materials composed of exposed or painted metals generally releasenaitiran
newer materials.

6) Most of thecopper(70% on average) arminc (90% on average) in washdfom al
materialss in the dissolved form

7) Mass quantities afopperandzincreleasednnuallyfrom all materials analyzed in tistudy
areaare lower than those from literatdpesed estimatese.g, PSTLA andCuZn Phase 1
studies.

8) The PSTLA study overestirted maszincreleases from roofing in the Puget Sound basin.

9) Results othe presenstudy provide a better indicator of regiosapperandzincreleases
than those typically found in the published literature.

Recommendations

To set priorities to redudaitial release otopperor zincfrom materials and activities, several
guestions should be consider®#dhat materials or activities are likely to release the roogper
or zinc? Are they released in a form or location where they can become mébddf?ere

known impacts to surface waters due to their release from specific materials or activities?

The weight given to each question might depend on the goals of source control efforts or
investigations to assess sourdes. the present study, only the ialtquestion was addressed
(What materials or activities are likely to release the roogper and zir?), and only selected
source materials were investigatéa. a result, contextualization is limited and the importance of
the selected materials as sauoontrol priorities is thus limited as weHuture studies need not
address all elements obpper and zinceleases and full assessment of their fate and transport,
but more consideration to these points may yield better information for source coiotitep.

Investigators may want to consider using artificial rainwater for some materials if additional
washoff sampling is desire@nce there is a high degree of confidence that artificial rainwater
sampling provides a suitable substitute for stormhatsartificial washoff sampling would
provide a number of benefitSampling could be conducted at any time and would not
necessitate prstorm setupAdequate washoff volume could easily be generated from vertical
surfacesSample collection devices ddube smaller and simpler, and could be more easily
isolated from contamination.

To assess chemical contributions from atmospheric deposition, it is recommended that sampling
devices be deployed at each location where materials are saiffpked:ould prowde a more

accurate picture of sigpecific atmospheric deposition and would help assess any contributions
from localized source®Vhen sampling for metals, collection devices should be constructed of
plastic, glass, or other nanetallic material.
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Abstract

A two-phase study was conducted to assess the release of copper (Cu) and zinc (Zn) in the urban
environmentThe initial phas€Phase 1) consisted of literature research, GIS analysis, and local
precipitation dataThe goal of Phase 1 wasidentfy the major anthropogenic sourcescopper

andzinc and estimate the quantities released in a small urban watefskedond phase (Phase

2) employed field sampling to growtidith the Phase 1 estimat@sis report details findings

from the field samiing of copperandzincreleased from a select group of materials in the built
environment.

Materials selected for field sampling included four types of building roofs, three types of siding,
roof gutters, uncoated galvanized chhkirk fencing, andyalvanized light standardRain

washoff from these materials was collected during five storms (six for siding) during 2018.
Siding washoff generated using artificial rain veéso analyzedAtmospheric deposition

collectors were deployed orderto estinatethe contribution from this sourc®&learly all of the
sampling sites were located within the same 18.6Watershedn Thurston County,

Washington

Rainwater washoff from most materials contained low concentrations ottyoplerandzinc.
Exceptions wre high concentrations washed from newer asphalt roofs withr@gaeant
granules and highinc concentrations in washoff from galvanized structures (elvairfences
and light standardsResults indicate that within the study watershed small qiemtitcopper
andzinc are released annually from the materials examinled.rates o€opperandzincrelease
for all of the materials sampled are lower than those estimated in PliRessoinmendations are
included for usingopperandzincrelease dataniprioritizing source control actions

Copper and Zinc in Urban RunofPhase 2 5



Introduction

Identification of Problem

Human activities have increased the levelsaifper (Culand zinc Zn) in theaquatic
environment through both point (e.gndof-pipe discharges, dumping) andnpoint(diffuse)
releasesHistorical reconstruction through sediment coring indicates that substantial aquatic
enrichment of botlecopperandzinc began in the lataineteentltentury, coinciding with
industrial development in the Puget Sound area (Lefkovik,et997).Loading ofcopperand
zincinto Puget Soundeached a peak in the mibenthiethcentury, then began to decline
following promulgation and implementation of environmemnggjulationsdesigned to reduce
point source pollution.

The trend towardecovery to naturatopperandzinc levels in aquatic systems, however, may be
slowing (Brandenberger et al., 200Bkely reasons include the rapid urbanization of the Puget
Sound basin and the relative ineffectiveness of regulations to cootrpbintpollution that
accompanies increased developmeEnt.instance, a recent review of stormwater data in the
Puget Sound basin indicates thapperandzinc are often found at levetxceeding water

quality criteria for the protection of aquatic life, partanly in commercial and industrial areas
(Hobbs et a].2015).

Enrichment of aquatic systems withppers aparticularconcern in the Puget Sound region due
to its adverse effects on a variety of organisms in both freshwater and marine enviroAments.
growing body of evidencmdicatesthat low levels otopperin freshwater can exert sublethal
effects in salmonidsThese effects includavoidance otoppercontaining waters and olfactory
impairmeni which can lead to reductions in predaégmoidance ofood-finding behaviors

(Sandahl et al., 200Tierney et al., 2010Effects in freshwater can occur at concentrations near
typical ambient levels of dissolvedpperand often below criteria established to protect aquatic
organisms (Meyer and Defores1B).

Zinc does not appear to be as toxicapperat typical concentrations found in the Puget Sound
region, but areas of potential hazard exist where concentrations are elevated (Norton et al.,
20113 2011b).There is little or no evidence thaihc in freshwater impacts olfaction in
salmonids or causes other adverse sublethal efferdts as those resulting frazopperexposure
(e.g, Lorz and McPherson, 197 However, avoidance behaviors may be elicited in salmonids,
such as rainbow trouOncomynctus mykissexposed to low levels @inc (Sprague, 1968).

Prior Studies and Impetus for Present Work

In order to addressonpointsources otopper zinc, and other chemicals in the Puget Sound

basin, the Washington State Department of Ecology (Ecologlydter agencies conducted the
Puget Sound Toxics Loading Assessr{fe8TLA) from 2007to 2011 (Norton et al., 2011a).

PSTLA was a broadcope study designed to assess the sources of toxic pollutants, the important
delivery pathways for each chemical, angystematic evaluation of potential hazards to aquatic
organismsCopperwas dentified asa top priority for neaterm action due to 1) its potential to

harm aquatic organisms at observed concentrations; 2) the large quantities delivered to Puget
Sound primarily through surface runofyith the highestoncentrations measured in runoff

from commercial and industrial are&3 the large quantities released to the environment,
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particularly from vehicle brake pads, nonagricultural pesticide use, leachmgdofing
materials, leaching from plumbing, and from &otiling paint in marine vessels; and 4) the
relative abundance of opportunities to control thesgpointsources otopper

Since the initiation oPSTLA, a number of actions have been takemtmcecopperfrom
nonpointsourcesThese include the 2010 Better Brakes L@&hapter 70.285 RCYwhich
requires a neatomplete phaseut of copper in brake friction matesdby the year 2025, and a
law requiring the neatomplete phaseut of copper in vessel bottom paint by 2021 (Chapter
70.300 RCW and subsequent revisions [SHB 23&Histing federal law already addresses
copper in plumbingl{ead and Copper Rule; 40 CFRrP141), and thereforemphasis was not
placed on additional controls for this sourceagpper Pesticidescontainingcopperwerefurther
investigated by Washington State Department of Agriculture and fourelrarely used in the
Puget Sound regiofMcClain, 2014), rendering this an inconsequential source of copper.

The PSTLA study did not identifginc as a higkpriority chemical due to its moderate ranking
as a chemical with potential to elicit biological effetiewever,zincreleases and loadjnwere
estimated to be extremely high in quantity, second only to petroleum among the chemicals
addressed.

Like copperthe higheskinc concentrationsveremeasured in runoff from commercial and
industrial aregsand overalkurface runoff was the primadglivery pathway forincto Puget
Sound.The largesestimatedjuantities released were from leachafgoofing materialsand

from vehicles (mainly tire wearJ.he PSTLA report also noted that quantitieziat releases
might have been underestimatbdcauseaources such as exposed galvanized materials (e.qg.,
light standards, culverts, and guardrails) were not evaluated.

Authors of the PSTLA report recommended that monitoring be conducted to assess chemicals
released from roofing materialgs. responsegEcology conducted a study during 2Gi812014

to evaluate chemicals leachiedm individual roofing material¢hereaftereferred to as the

Ecology Roofing StudjWinters et al., 2014] This was accomplished lsampling rainwater
washed off of a variety @xperimentatoofing panels other roofing system componenésd.,
flashings, gutters, downspouts, fasteners, HVAC systems not included in these

experimental roof constructions.

With a single exceptiorcOpper roofing), release ratesanfpper zinc, and other chemicals were
much lowerd often by orders of magnitude than those used to calculate baside releases
in the PSTLA studyThe authors of the Ecology Roofing Study suggested that the ladkilbf a
complement of roofing components analyzed, short roof runsléngth of roof), and lack of
representative roof ages were among the possible explanations for the differences.
Recommendations to address these variables were among those proffergtidoevaluation.

CuZn Phase 1 Study

Based on results of PSTLA and the Ecology Roofing Study, a number of data needs were
identified to addressonpointsources otopperandzinc. In particular, theelative importance

of copperandzincreleasesrom specificnonpointsources in the Puget Sound regicsssgtill
unknown.Ecology launched th€opper and Zinc in Urban Rundaffudy in 2016 to address these
data gapsThe Copper and Zinc in Urban Runaffudy consists of two phasdse initial phase
(CuzZnPhase Jwa s atopd d e § k o r t nofpoirtsowscescconfined to a relatively
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small industrial/commercial stimasin in the southern Puget Sound regitelease rates were
estimated from literature values, GIS analysis, and local precipitationBtadktér, 2017a).

CuZn Phase gstimated that 360 k@Q0 poundsof copperand 2,700 kgg,900 poundsof zinc
are released annually frononpointsourcesn the18.6 knt (7.2 squaremile) CuZnstudy area
The primary sources abopperwere identified asehicle brake wear, roofing materials, parking
lots, treated lumber, building siding, and vehicle exhdust. main sources @inc aremoss
control products, building siding, parking lots, vehicle tire wear, ehalinfence, roofing
materials, and vehielbrake wearTotal annual releases for each of these sources, as well as
those for lesser sources, were calculated for the entire study area.

Bookter (2017a) also used a systematic approach to categorize the uncertainty and variability of
each estimate parted inCuZn Phase .1Sources in the built environment with the highest

potential toreleasecopperor zinc and the greatest uncertainty around the estimated loading
valueswererecommended for further investigatiduggested sources for monitoring le t

built environment includéparking lots, building roofing and siding materials, streetligligit
standards)and roof gutters.

Present Study

The present studyhase of theCopper and Zinc in Urban Runaffudy(CuZn Phase R is a
field sampling effort intended to fulfill some of the recommendations frorCtin Phase 1
report.Sampling was conducted primarily in the same-lsafin analyzed i€uZn Phase .1
Details of the sampling design, locations, and methods are disdugbed in following
sections and in the Quality Assurance Project Plan (QAPP; Bookter, 2017b).

Briefly, rainwater washoff from the following components of the built environment were
sampled and analyzed foopperandzinc:

Building roofs
Building siding
Roof gutters

Light standards

= =2 4 A

Chainlink fencing

Theoverallgoal of theCuzn studyis to identifynonpointsources otopperandzincin the

urban environment and attempt to fill gaps in the current knowledge regarding those sources.
CuZnPhase ldentified sources and data gapsng literature reviewCuzZnPhase Zills some

of those gaps with field data.

The focus of this studig on primary releass of copperandzinc. Field data on fate and transport
of newly releasedopperor zincis not assessed@he results from this study will inform future
source control efforts in the identification and reduction of important sourcegppérandzinc

in urbanareasSource control prioritization shousoincorporate the fate and transport of
pollutants.
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Project goals

The goal oiCuZnPhase 2vasto measure the quantity cbpperandzincreleased from various
materials and structures in the urban built environment.

Project objectives
To accomplish the project goals, the following objectiweseachieved

1 Measure the quantity @bpperandzincleached fronspecificmaterials in the urban
environment

Develop release rates foopperandzinc from various materials
Recalculate study area loading values using new release rates

Compare release rates@oZn Phase Hata

Copper and Zinc in Urban RunofPhase 2 9



Methods

Sample Design and Scope

Parametersof Interest and Sourcesof Chemical Rekase

CuZn Phase #vas designed to assess building materials of variousragés and exposed to

typical environmental conditions in tiseudy areaDetails of the rationale for the project sample
design are in the QAPP (Bookter, 201 ™arameters of interest were limitedctwpperandzinc

due to their potential for adverse biological effects (particuzoppe) and the magnitude of
guantities potetially released from building materialsncillary water quality parameters

analyzed included total suspended solids (TSS), dissolved organic carbon (DOC), hardness, pH,
turbidity, temperature, and conductivity.

Specific sources assesseddopperandzincrelease wereoofs, building siding, gutters, light
standards, and chalimk fencing.These sources were selected based on reslishf Phasd
(Bookter, 2017a) and data gaps identified in previous studies (Norton et al., 2011a; Winters et
al., 2014. Bulk atmospheric deposition sampling was also conducted with the intention to
correct for air deposition as a sourceopperandzinc. Metals present in the atmosphere may

be the result ofhonindustrial combustion emissions, industrial emissiongehicle wear
particlessuch as tire and brake dust (Ochoa Gonztles 2016)

Study Area

TheCopper and Zinc in Urban Runafudy areais an 18.6 kn? (7.2 squaranile) portion of the
lower Woodland Creek watershed in the City of Laceyajdcenunincorporated hurston
County (Figurel). Woodland Creeklrains toHenderson Inlein southern Puget Sound.

Thestudy aea was selected for the concentrated commercial and industrial land/hisé
havebeen shown thavehighercopperandzinc concentationsin stormwater and streartisan
other laml uses flerreraEnvironmental Consultants, In@01% Hobbs et a.2015).In 2016
land use in the study areas35.5% commercial/industrial, 13.6% residential, 33.9%
undeveloped, 12.4% roadways, 2.986ks and 1.8% agriculturdFigure 2) Of the area
currently developed, 66% is commercial/industrial land Tkes land use profile is similar to
other urban areas of the Puget Sound basin.

Bookter (2013) used U.S. census data to estimate the 2010 papulztthestudy areaat
approximately 7,600Thestudy area is undergoing rapid developmé@bllyard and Anderson,
2017)

TheCuZnstudy area is located approximately halfway between Seattle, Washjragtdn

Portland, Oregoralong the Interstate 5 corriddrhe proximity to two large urban centers has
madelacey a transportation hub for major distribution companies (e.g., Target, Home Depot,
Trader Joes, Harbor Wholesale Foodis)addition, Joint Baskewisi McChord is located
approximately 24 km (15 miles) north of tseeidy a@ea.This has resulted in incised

development of large warehouses, apartment complexes, tract housing, and commercial services
(e.q., bigbox stores, strip malls, restaurants, banks).
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The climate of thetudy area is temperatélonthly average high and low temperatures range
from 78°H51°F (26°C/11°C) in August to 44°F/33°F (7°C/0.6°C) in Decem&ather.cort.
The average annual predgtion between 2003 and 2016 was 1003 mm (39.5 inchies).
annual number of days of rain varied from 104 to 169 in that same Rab&ale, pers.
comm., ThurstonCountyStormwatey2018).

Thestudy areaboundary was initially drawn along hydrological boundaries for two small
watersheds draining into Woodland CreBkcausehe focus of the study is on sources in the
built environment, thetudy area boundary was expanded to follow tax parcel and neighborhood
borders.

1 https://weather.com/weather/monthly/l/Lacey+WA+USWA0217:1:US
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Total Area = 7.2 square miles

Comm/Indust Use = 35.5%
Commercial: 21.5%
Government: 7.8%
Industrial: 6.2%

Other Use = 52.2%
Forested: 33.9%
Residential: 13.6%
Parks: 2.9%
Agriculture: 1.8%

Roadways = 12.4%

Figure 2.

|

Map of 016 land use in the urban op and zinc stud area, acey, Washio.
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Material and Site Selection

Bulk rainwater washoff was collected from four different types of roofing materials, tires
of siding, roof gutters, chailink fencing, and galvanized light standardslflel). For two of
the roof types and one siding type, both new (<5 years)gadi (210 years) materials were
sampledThree sites were sampled for eatlihe materials of interest.

Table 1. Materials sampled for the CuZn Phase 2 study.

Source Material type Age N“”?ber SEIMRS)  VE
(years)| of sites | events | samples*
Roofing Asphalt (AAR) <5 3 5 15
a Asphalt (AAR) | >10 3 5 15
a Metal <5 3 5 15
a Metal >10 3 5 15
a Polymer (EPDM 3 5 14
€ Polymer (TPO) 3 5 15
Gutters Metal 3 5 15
Siding ﬁt'::r'g‘éi‘: y <5 3 6 10
a Metal <5 3 6 14
€ Metal >10 3 6 13
a Paintedwood >10 3 6 3
Chainlink fence Galvanized C 3 5 13
Light standard Galvanized C 3 5 14
A;g‘;jé’izg:c Bulk c 2 6 12
Total G C 41 5¢6 183

* Not including quality assurance (QA) samples.
AAR = asphalshingle withalgaeresistant granulesMetal = painted steelEPDM
= ethylene propylendieneterpolymer TPO = thermoplastic polyolefin

Material type, brand, and agerecollected from building construction and maintenance
recordsMaterial conditionwasobtainedfrom Thurston County Assessor dataldahrough

onsite observatiorBamplinglocationswereselected based on the type of construction material,
material age, the logistical convenience for sample collection, and the ability to ikelate
materialof interestfrom other sources @bpperandzinc. Appendix Alists details for each
location.

Roof-only monitoring sites with aluminum gutters and downspageegiven preferencen
order to isolateopperandzinc from interfering sourced.hese were moderatt steepsloped
roofs constructed adsphalt shinglewith algaeresistant granul®AR) or painted steel
(Metal).

Mostcommercial roofs in the study area bye-slopel and generallgrained via polyvinyl
chloride (PVC) or galvanized steel downspouiisich arepotential sources afopperandzinc.
Low-sloped commercial roofs sampled were constructethgfene propylene diene terpolymer
(EPDM) or thermoplastic polyolefin (TPO)
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Chainlink fencing selected for sampling all appeared to be of the gab@he&foreweave type
based on visual inspection.

Light standards were industrigfade galvanized steel of the type used on major roadways.
were located on interstate-oamps and one was located at a large-aakride lot.

Bulk Washoff Collection

Passive collection systems were used to collect and stobalthevashoffduring each storm
event.Runoff from each monitoring site was sampled dufing or sixstorm event$rom
Februarythrough June 2018 (FiguB).

Precipitation data were obtainedi the Thurston County Waste and Recovery Center (WARC)
located in Lacey (Nat Kal@ers. comm., Thurston County Stormwater, 2018). For days when
precipitation data were not recorded at the WARC, measurements from the Olympia Airport
(NOAA?) and a nearby Weather Underground stativedther Undergrourfjiwere averaged.
Storms qualifying for a sampling event had a minimuanfall depth of5 mm Q.2 inche¥ with
anantecedent dry perigéess than @& mmof rainfall) of six hours a modification of sampling
criteria established for tHehase | Municipal Stormwater Perr(libwe, 2010) All storms

except Storm 4 (3.7 mm predgiion) met these criteridhe passive collectors were deployed
preceding the onset of storms forecast to meet these sampling criteria.
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Figure 3. Precipitation (mm) in Lacey, Washington, during the 2018 CuZn Phase 2 study. Amounts during
the six bulk washoff collection storms are shown in boxes.

2 https://w2.weather.gov/climate/index.php?wfo=sew
3 https://www.wunderground.com/dashboard/pws/KWALACEY34
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Rainwatemwashoff from lowsloped commercial polymer roofs was sampled eltgeslugging
one roof drairusing aplug made oktainless steelndrubberor by constructing a washotfam
using aluminum flashing (Figur®. Sample aliquots were theollected by compositingrab
samples from the ponded stormwaioof sections wreselected to minimize the contribution
of copperor zinc from other roof components.

Figure 4. Rainwater washoff collected on a polymer roof using a dam
constructed of aluminum flashing.

Formoderateto steepslopedroofs with aluminum gutters, aluminum divertarsreinstalled in
gutter downspouts to route rainwater runoff integaion sample collection drumgth

modified polytetrafluoroethylene (MPTFE) liners (Welch Fluorocarbon, Inc., Doy, N
Hampshirg. The collection drumsverelidded, with asinglesmall ogening for the downspout
diverter, and shrouded with plastic wrap ensure that only rainwater from the roofing material

was collected (Figurb).
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Figure 5. Rain barrel used to collect roof washoff via a downspout diverter.

To egimatecopperandzinc contributions from painted steel gutters, diversions were constructed
thatallowed roof washoff to be collected without contacting gutters (Figu@ontributiors of
copperandzinc from painted steel guttevgerecalculated as thdifference between the total

roof runoff (i.e., roofing and gutters) and the rainwatashofffrom the roofing material alone.
These calculations were made following the conversiaopperandzinc concentrations into

unit area release ratéheroof and roof/guttesamplesverecollected from different locations

on the same roof syste
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Figure 6. System used to divert roof washoff without -contacting the building';gutter and downspout.
Aluminum flashing (not visible in this photograph) was used to prevent contact with the building gutter.

Building siding locationsvereselected to maximize rainwater volume and reducedpperand
zinc contributions from other construction materidlbe sides of bildings facing the prevaiihg
wind directiond generally the southwedt wassampled wherpossible Siding material
locationswereselectedo avoid contact with roof washoff.

Rainwatemwashofffrom building sidingwascollected byplacing amaluminum pan beneath the
siding drip Ine (Figure7). Pans werdéidded with only thearea underneath the dripline open for
washoffcollection.
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Figure 7. Aluminum pans used to collect siding washoff.
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Washofffrom galvanizedight standards wasollected by instaliig aluminum foil collas near
the base of the pdgFigure8). The collar routd washoffinto stainless steel funrsthat
drained into lidded fivegallon buckets with MPTFE linerBuckets werdidded with asingle
small opening for the funnel to ensure that amshofffrom thelight standard wasollected.

>

igu 8. Aluminum foil collar used to collect washoff rogalvanized light standard.

Washofffrom galvanized cha#iink fences wascollected in aluminum paplaced below a
section of fenceripline (Figure9). Pans werdidded on either side of the fence to ensure that
only washoff interacting witlthainlink materialwascollected.
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igljre 9. Aluminum pan used to collect washoff from chain-link fence.

Bulk atmospheric deposition samplesrecollected at two sites in the study area for each storm
event. Atmospheric deposition statiomsrelocated in the southwest and northeast quadrants of
the study areand elevated on building roofs to reduce the passitof sample contamination.

Atmospheric deposition collection systemsredeployedduring each monitored storm event
and the preceding antecedent dry periduds allowed forcollection of both wet and dry
depositioncoupled witheach sampled storm evefihe collection systemsereremoved from
the rooftops during minor precipitation events to eliminate collection of gmsition during
those storms.

Bulk atmospheric deposin samplesverecollected using 45.7-cm (18-inch) diameter circular
stainless steel funnekposed to the atmosphdFagure10). The decontaminatefdinnel draired
into afive-gallon buckewith a MPTFE liner This collection system iadaptedrom a smilar
system usetb sample polychlorinated biphenyls (PCBs}he Spokane Rivédrasin(EraMiller
and Wong, 2016).
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Figure 10. Bulk atmospheric deposition collector.

Sample Aliquot Collection

Sample aliquots for field measurenmamnd laboratory analysis were collected within 24 hours of
the conclusion of each sampled storm evBuotk samples were first homogenizieg agitation

of the sample inside of the Teflon liner or by stirring with an-a@dhedstainless steehixing
padde for larger volumesAliquots of bulk samplewith small volumes were poured directly
from the Teflon liners or aluminum paimgo individual analyte bottleg-or larger volumes

where direct pouring was not feasible, samples were poured into anatiyes using
decontaminated stainless steel lad&mmnple containersamplepreservation, and holding times
are listed inPAppendixB.
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Equipment decontamination was done by scrubbing with Liquinox detergent (Alconox, Inc.,
White Plains, dw Y ork) followed by sequential rinses with tap water, 10% trace metals grade
nitric acid (Fisher Scientific, Ottaw@ntarig, and deionized water, then wrapped in aluminum
foil (dull side in) for transport into the fielékiltering for dissolved metals and dissolvedaonig
carbonwasconducted ossite within 15 minutes of sample processing using precleanegith45
filters.

Rainwatemwashoffsamplesvere placed on ice immediately following aliquot collection and
keptinalockedwalkk n r ef ri ger at orns@dnterbmon retorgfyord BeldOper at i
Samples were transporteditanchester Environmental Laboratory (MBkith 48 hours of

collection.MEL conducted analysis faotal and dissolved metals (Cu, Zn), dissolved organic

carbon (DOC), total suspendedlids(TSS), and hardness.

Following aliquot collection for laboratory analysis, the remainder of the bulk sample was
analyzed in the field falemperature, pH, conductivity, and turbidity using a YSI EXO1 multi
parameter sonde (YSI, Inc., Yellow Spring$i@).

Equipmentand fieldblankswere preparedy rinsing the equipmerar filtering with laboratory
provided deionized water and collecting the resultant rirgdittrate prior tosample collection.
Rinsate from MPTFE liners, aluminum pans, and atmosphericdigoofunnels was analyzed
for total and dissolved metals (Cu, Zihe filter apparatus blanksereanalyzed for dissolved
metals (Cu, Zn).

The fielddeployed water quality sensors (pH, conductivity, and turbidigrecalibrated
accordingtothemanafc t ur er 6 s r bafocerante sardpée tcdllextiors event and
checked against calibration standards at the end of each BwengH sensowascalibrated for
every sample evenisingathreepoint calibration with standards for pH 4, 7, and AGingle
point calibratiorusinga 1,000uS/cm standardvas performed on theonductivity sensoiThe
turbidity sensorvas calibrated using NTU (deionized water), 126 NTU, and 1010 NTU
standardsAll standard solutions usederemanufacturerecommended ahdards.

Artificial Rainwater Washoff Sampling

Artificial rainwater washoff sampling was conductatAugust15,2018 to supplement data on
copperandzincin siding washoffSamples were collected from washoff generated by applying a
known volume of syihtetic rainwater to an isolated area of siding material.

A pressurized garden spray bottle was used to deliver one liter of artificial rainwater to each of
the siding materials shown in TaleWashoff sampling was limited to thettom1 meterof

siding material at each site in order to mimic the portion of siding most likely to be exposed to
rain. Portions of siding to be sampled were isolated uaihg 0.5 m foilsided template

yielding 0.5 n? of surface area washed at each gtigure 1).
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Table 2. Characteristics of siding selected for artificial rainwater washoff sampling.

: - Material Age | Paint Age Surface Volume
Location ID Siding Type (yrs) (yrs) area () WL
ECHGEEMT | Metal (painted steel) 12 12 0.5 1.0
EAGLSEBR Palr_1ted iberboard 4 4 4 4
(fiber cement)
CAMPSEBR Palr_1ted iberboard 5 5 4 4
(fiber cement)
ADONSEBR Palr_1ted iberboard 1 1 4 4
(fiber cement)
CIRGMT Metal (painted steel) 1 1 a a
MILL-SWD Painted Wood ca.60 15 a a
NTASMT Metal (painted steel) 2 2 a a
NEILSWD Painted Wood 50 14 a a
CAGSWD Painted Wood 12 5 a a

* See Appendix A for sampling location information.

Figure 11. Template used to isolate siding for artificial rainwater washoff sampling.
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