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Executive Summary  

Enrichment of aquatic systems with copper and zinc can have adverse effects on a variety of 

organisms in both freshwater and marine environments. In the Puget Sound region, copper is of 

particular concern due to sublethal effects on salmonids in freshwater. These effects can occur at 

low concentrations, often below criteria established to protect aquatic organisms (Meyer and 

Deforest, 2018). A recent review of data from the Puget Sound basin indicates that copper and 

zinc in stormwater are often found at levels exceeding water quality criteria for the protection of 

aquatic life, particularly in commercial and industrial areas (Hobbs et al., 2015). 

To address concerns about toxic chemical contamination of aquatic systems, the Washington 

State Department of Ecology (Ecology) along with other agencies conducted several studies to 

assess releases of toxic chemicals from nonpoint sources. The Puget Sound Toxics Loading 

Assessment (PSTLA; Norton et al., 2011a) calculated estimates of copper and zinc releases from 

various materials and activities, as well as information on delivery and loading of copper and 

zinc to Puget Sound. One of the important findings suggested in the PSTLA study, based on a 

literature review, was that building roofs released large quantities of zinc, and copper to a lesser 

degree. Due to 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 of experimental roof panels (Ecology Roofing Study; Winters 

et al., 2014). The Ecology Roofing Study found that most common roofing materials released 

small quantities of copper, zinc, and other chemicals. However, some data gaps remained 

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 real-world situations. 

Based on results of PSTLA and the Ecology Roofing Study, a number of data needs were 

identified in order to address nonpoint sources of copper and zinc. In particular, the release of 

copper and zinc from specific nonpoint sources in the Puget Sound region were still unknown. 

Ecology began the Copper and Zinc in Urban Runoff study in 2016 to address these data gaps. 

The Copper and Zinc in Urban Runoff study consists of two parts: CuZn Phase 1 and CuZn 

Phase 2. The initial phase (CuZn Phase 1) was a ñdesktopò effort focused on nonpoint sources 

confined to a relatively small industrial/commercial sub-basin in the southern Puget Sound 

region. Release rates were estimated from literature values, GIS analysis, and local precipitation 

data (Bookter, 2017a). 

The present study, CuZn Phase 2, is a field sampling effort intended to fulfill some of the 

recommendations from the CuZn Phase 1 report. Sampling was conducted to ground-truth some 

of the copper and zinc release estimates derived in CuZn Phase 1. To achieve this, rainwater 

washoff was sampled during six rain events in 2018 and analyzed for copper and zinc. The 

following components of the built environment were sampled: 
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¶ Building roofs 

¶ Building siding 

¶ Roof gutters 

¶ Light standards 

¶ Chain-link 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) chain-link and light standard samples. 

Total copper and zinc were detected in all washoff samples, and dissolved copper and zinc were 

detected in all samples for which they were analyzed. 

Among all materials analyzed, copper concentrations were much higher in washoff from newer 

(<5 years old) asphalt composite roofs containing algae-resistant granules. Zinc concentrations in 

washoff from uncoated galvanized materials (chain-link and light standards) were much higher 

than in washoff from other materials. 

Copper and zinc concentrations in washoff were combined with measurements of washoff 

volume and surface areas to derive release rates for all materials analyzed (Table ES-1). These 

release rates were then used to calculate annual releases on a mass basis (i.e., loads) in the study 

area. 

Results from CuZn Phase 2 suggest that the overall magnitude of copper and zinc releases from 

the sampled materials appears to be much lower than previously estimated in the PSTLA and 

CuZn Phase 1 studies. The estimated median annual release from all materials of interest within 

the 18.6 km2 (7.2 square-mile) study area is approximately 6 kg copper (range 0.1ï300 kg) and 

70 kg zinc (range 20ï500 kg). In contrast, the CuZn Phase 1 study estimates, derived from 

literature, were 40 kg copper (range 4ï600 kg) and 300 kg zinc (range 80ï1,100 kg). 

Both phases of the study conclude that the bulk of copper released from the materials analyzed 

would originate from asphalt shingle roofs with algae-resistant granules. For zinc, the CuZn 

Phase 1 study estimated nearly equal releases stemming from roofing, siding materials, and 

chain-link fencing. However, results of the present study suggest the bulk of zinc release 

originates from uncoated chain-link fencing. The CuZn Phase 1 study appears to overestimate 

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 CuZn 
Phase 2 study. 

Material 
category Material type 

Total copper release rate 
(mg/m2/yr)  

Total zinc release rate 
(mg/m2/yr)  

Min  Median Max Min  Median Max 

Roofing and 

Gutter 
Asphalt shingle with AR <5 

yrs old 
4.0 120 1,100 2.3 7.4 99 

 
Asphalt shingle with AR 

>10 yrs old 
0.28 5.9 87 2.3 34 270 

 Painted metal <5 yrs old 0.015 1.6 3.7 0.92 30 509 

 Painted metal >10 yrs old 0.058 0.72 8.3 6.6 34 1,400 

 
Ethylene propylene diene 

terpolymer 
0.27 4.0 15 4.5 140 280 

 Thermoplastic polyolefin 0.050 1.0 7.9 0.67 11 79 

 Painted metal gutter -2.5a 0.16 1.3 -32a 22 38 

Siding Painted fiberboard 0.0095 0.016 0.084 0.011 4.2 16 

 Painted steel < 5 yrs old 0.0028 0.017 0.30 0.19 0.53 7.0 

 Painted steel >10 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 chain-link 
fencing 0.086 0.53 1.6 280 930 1,700 

 Unpainted galvanized light 
standards 0.032 0.16 0.32 100 510 1,000 

AR = algae-resistant granules 
a Release rates 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 of copper or zinc compared with literature-based estimates (e.g., PSTLA 

[Norton et al., 2011a] and CuZn Phase 1 [Bookter, 2017a]). This is consistent with findings 

from the Ecology Roofing Study (Winters et al., 2014). 

2) Some roof types do release appreciable quantities of copper and zinc per unit area. 

a. Copper from newer asphalt shingle roofs (<5 years old) that use algae-resistant granules 

release copper at rates up to two orders of magnitude higher than other roof types 

analyzed. 

b. Copper releases from algae-resistant asphalt roofs appear to diminish as the roof ages. 

This is supported by the finding that copper from older asphalt shingle roofs (>10 years 

old) that use algae-resistant granules release copper at rates an order of magnitude lower 

than newer material. 

c. Zinc can be released at high concentrations by older painted metal roofs (30 years old). 

However, this finding is based on a single roof at this age. Five newer painted metal 

roofs (Ò12 years old) or their companion metal painted gutters did not release high 

concentrations of zinc. 

3) Washoff from painted siding has higher concentrations of zinc than roof washoff; copper 

concentrations are generally low. While not investigated for the present study, it is possible 
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that weathered paint is the main source of zinc from siding washoff. 

4) Materials that are composed almost exclusively of galvanized steelðchain-link fencing and 

light standards in the case of the present studyðrelease high quantities of zinc but little 

copper. However, it does not appear that there is substantial enrichment of zinc in roof 

washoff due to rainwater contact with ancillary roofing components, such as fasteners and 

flashing, that might also be composed of galvanized steel. 

5) Older materials composed of exposed or painted metals generally release more zinc than 

newer materials. 

6) Most of the copper (70% on average) and zinc (90% on average) in washoff from all 

materials is in the dissolved form. 

7) Mass quantities of copper and zinc released annually from all materials analyzed in the study 

area are lower than those from literature-based estimates (e.g., PSTLA and CuZn Phase 1 

studies). 

8) The PSTLA study overestimated mass zinc releases from roofing in the Puget Sound basin. 

9) Results of the present study provide a better indicator of regional copper and zinc releases 

than those typically found in the published literature. 

Recommendations  

To set priorities to reduce initial release of copper or zinc from materials and activities, several 

questions should be considered: What materials or activities are likely to release the most copper 

or zinc? Are they released in a form or location where they can become mobile? Are there 

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 sources. For the present study, only the initial question was addressed 

(What materials or activities are likely to release the most copper and zinc?), and only selected 

source materials were investigated. As a result, contextualization is limited and the importance of 

the selected materials as source control priorities is thus limited as well. Future studies need not 

address all elements of copper and zinc releases and full assessment of their fate and transport, 

but more consideration to these points may yield better information for source control priorities. 

Investigators may want to consider using artificial rainwater for some materials if additional 

washoff sampling is desired. Once there is a high degree of confidence that artificial rainwater 

sampling provides a suitable substitute for storm washoff, artificial washoff sampling would 

provide a number of benefits. Sampling could be conducted at any time and would not 

necessitate pre-storm setup. Adequate washoff volume could easily be generated from vertical 

surfaces. Sample collection devices could be 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 sampled. This would provide a more 

accurate picture of site-specific atmospheric deposition and would help assess any contributions 

from localized sources. When sampling for metals, collection devices should be constructed of 

plastic, glass, or other non-metallic 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 

environment. The initial phase (Phase 1) consisted of literature research, GIS analysis, and local 

precipitation data. The goal of Phase 1 was to identify the major anthropogenic sources of copper 

and zinc and estimate the quantities released in a small urban watershed. A second phase (Phase 

2) employed field sampling to ground-truth the Phase 1 estimates. This report details findings 

from the field sampling of copper and zinc released 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 chain-link fencing, and galvanized light standards. Rain 

washoff from these materials was collected during five storms (six for siding) during 2018. 

Siding washoff generated using artificial rain was also analyzed. Atmospheric deposition 

collectors were deployed in order to estimate the contribution from this source. Nearly all of the 

sampling sites were located within the same 18.6 km2 watershed in Thurston County, 

Washington. 

Rainwater washoff from most materials contained low concentrations of both copper and zinc. 

Exceptions were high concentrations washed from newer asphalt roofs with algae-resistant 

granules and high zinc concentrations in washoff from galvanized structures (chain-link fences 

and light standards). Results indicate that within the study watershed small quantities of copper 

and zinc are released annually from the materials examined. The rates of copper and zinc release 

for all of the materials sampled are lower than those estimated in Phase 1. Recommendations are 

included for using copper and zinc release data in prioritizing source control actions. 
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Introduction  

Identification of Problem  

Human activities have increased the levels of copper (Cu) and zinc (Zn) in the aquatic 

environment through both point (e.g., end-of-pipe discharges, dumping) and nonpoint (diffuse) 

releases. Historical reconstruction through sediment coring indicates that substantial aquatic 

enrichment of both copper and zinc began in the late nineteenth century, coinciding with 

industrial development in the Puget Sound area (Lefkovitz et al., 1997). Loading of copper and 

zinc into Puget Sound reached a peak in the mid-twenthieth century, then began to decline 

following promulgation and implementation of environmental regulations designed to reduce 

point source pollution. 

The trend toward recovery to natural copper and zinc levels in aquatic systems, however, may be 

slowing (Brandenberger et al., 2008). Likely reasons include the rapid urbanization of the Puget 

Sound basin and the relative ineffectiveness of regulations to control nonpoint pollution that 

accompanies increased development. For instance, a recent review of stormwater data in the 

Puget Sound basin indicates that copper and zinc are often found at levels exceeding water 

quality criteria for the protection of aquatic life, particularly in commercial and industrial areas 

(Hobbs et al., 2015). 

Enrichment of aquatic systems with copper is a particular concern in the Puget Sound region due 

to its adverse effects on a variety of organisms in both freshwater and marine environments. A 

growing body of evidence indicates that low levels of copper in freshwater can exert sublethal 

effects in salmonids. These effects include avoidance of copper-containing waters and olfactory 

impairment, which can lead to reductions in predator-avoidance or food-finding behaviors 

(Sandahl et al., 2007; Tierney et al., 2010). Effects in freshwater can occur at concentrations near 

typical ambient levels of dissolved copper and often below criteria established to protect aquatic 

organisms (Meyer and Deforest, 2018). 

Zinc does not appear to be as toxic as copper at typical concentrations found in the Puget Sound 

region, but areas of potential hazard exist where concentrations are elevated (Norton et al., 

2011a, 2011b). There is little or no evidence that zinc in freshwater impacts olfaction in 

salmonids or causes other adverse sublethal effects, such as those resulting from copper exposure 

(e.g., Lorz and McPherson, 1977). However, avoidance behaviors may be elicited in salmonids, 

such as rainbow trout (Oncorhynchus mykiss) exposed to low levels of zinc (Sprague, 1968). 

Prior Studies and Impetus for Present Work  

In order to address nonpoint sources of copper, zinc, and other chemicals in the Puget Sound 

basin, the Washington State Department of Ecology (Ecology) and other agencies conducted the 

Puget Sound Toxics Loading Assessment (PSTLA) from 2007 to 2011 (Norton et al., 2011a). 

PSTLA was a broad-scope study designed to assess the sources of toxic pollutants, the important 

delivery pathways for each chemical, and a systematic evaluation of potential hazards to aquatic 

organisms. Copper was identified as a top priority for near-term action due to 1) its potential to 

harm aquatic organisms at observed concentrations; 2) the large quantities delivered to Puget 

Sound, primarily through surface runoff, with the highest concentrations measured in runoff 

from commercial and industrial areas; 3) the large quantities released to the environment, 
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particularly from vehicle brake pads, nonagricultural pesticide use, leaching from roofing 

materials, leaching from plumbing, and from anti-fouling paint in marine vessels; and 4) the 

relative abundance of opportunities to control these nonpoint sources of copper. 

Since the initiation of PSTLA, a number of actions have been taken to reduce copper from 

nonpoint sources. These include the 2010 Better Brakes Law (Chapter 70.285 RCW), which 

requires a near-complete phase-out of copper in brake friction materials by the year 2025, and a 

law requiring the near-complete phase-out of copper in vessel bottom paint by 2021 (Chapter 

70.300 RCW and subsequent revisions [SHB 2364]). Existing federal law already addresses 

copper in plumbing (Lead and Copper Rule; 40 CFR Part 141), and therefore, emphasis was not 

placed on additional controls for this source of copper. Pesticides containing copper were further 

investigated by Washington State Department of Agriculture and found to be rarely used in the 

Puget Sound region (McClain, 2014), rendering this an inconsequential source of copper. 

The PSTLA study did not identify zinc as a high-priority chemical, due to its moderate ranking 

as a chemical with potential to elicit biological effects. However, zinc releases and loading were 

estimated to be extremely high in quantity, second only to petroleum among the chemicals 

addressed. 

Like copper, the highest zinc concentrations were measured in runoff from commercial and 

industrial areas, and overall surface runoff was the primary delivery pathway for zinc to Puget 

Sound. The largest estimated quantities released were from leaching of roofing materials and 

from vehicles (mainly tire wear). The PSTLA report also noted that quantities of zinc releases 

might have been underestimated, because sources such as exposed galvanized materials (e.g., 

light standards, culverts, and guardrails) were not evaluated. 

Authors of the PSTLA report recommended that monitoring be conducted to assess chemicals 

released from roofing materials. In response, Ecology conducted a study during 2013 and 2014 

to evaluate chemicals leached from individual roofing materials (hereafter referred to as the 

Ecology Roofing Study [Winters et al., 2014]). This was accomplished by sampling rainwater 

washed off of a variety of experimental roofing panels; other roofing system components (e.g., 

flashings, gutters, downspouts, fasteners, HVAC systems) were not included in these 

experimental roof constructions. 

With a single exception (copper roofing), release rates of copper, zinc, and other chemicals were 

much lower ð often by orders of magnitude ð than those used to calculate basin-wide releases 

in the PSTLA study. The authors of the Ecology Roofing Study suggested that the lack of a full 

complement of roofing components analyzed, short roof runs (i.e., length of roof), and lack of 

representative roof ages were among the possible explanations for the differences. 

Recommendations to address these variables were among those proffered for further evaluation. 

CuZn Phase 1  Study  

Based on results of PSTLA and the Ecology Roofing Study, a number of data needs were 

identified to address nonpoint sources of copper and zinc. In particular, the relative importance 

of copper and zinc releases from specific nonpoint sources in the Puget Sound region was still 

unknown. Ecology launched the Copper and Zinc in Urban Runoff study in 2016 to address these 

data gaps. The Copper and Zinc in Urban Runoff study consists of two phases. The initial phase 

(CuZn Phase 1) was a ñdesktopò effort focused on nonpoint sources confined to a relatively 

http://apps.leg.wa.gov/RCW/default.aspx?cite=70.285
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small industrial/commercial sub-basin in the southern Puget Sound region. Release rates were 

estimated from literature values, GIS analysis, and local precipitation data (Bookter, 2017a). 

CuZn Phase 1 estimated that 360 kg (800 pounds) of copper and 2,700 kg (5,900 pounds) of zinc 

are released annually from nonpoint sources in the 18.6 km2 (7.2 square-mile) CuZn study area. 

The primary sources of copper were identified as vehicle brake wear, roofing materials, parking 

lots, treated lumber, building siding, and vehicle exhaust. The main sources of zinc are moss 

control products, building siding, parking lots, vehicle tire wear, chain-link fence, roofing 

materials, and vehicle brake wear. Total 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 reported in CuZn Phase 1. Sources in the built environment with the highest 

potential to release copper or zinc and the greatest uncertainty around the estimated loading 

values were recommended for further investigation. Suggested sources for monitoring in the 

built environment included parking lots, building roofing and siding materials, streetlights (light 

standards), and roof gutters. 

Present  Study  

The present study, Phase 2 of the Copper and Zinc in Urban Runoff study (CuZn Phase 2), is a 

field sampling effort intended to fulfill some of the recommendations from the CuZn Phase 1 

report. Sampling was conducted primarily in the same sub-basin analyzed in CuZn Phase 1. 

Details of the sampling design, locations, and methods are discussed further 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 for copper and zinc: 

¶ Building roofs 

¶ Building siding 

¶ Roof gutters 

¶ Light standards 

¶ Chain-link fencing 

The overall goal of the CuZn study is to identify nonpoint sources of copper and zinc in the 

urban environment and attempt to fill gaps in the current knowledge regarding those sources. 

CuZn Phase 1 identified sources and data gaps using literature review. CuZn Phase 2 fills some 

of those gaps with field data. 

The focus of this study is on primary releases of copper and zinc. Field data on fate and transport 

of newly released copper or zinc is not assessed. The results from this study will inform future 

source control efforts in the identification and reduction of important sources of copper and zinc 

in urban areas. Source control prioritization should also incorporate the fate and transport of 

pollutants. 
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Project goals 

The goal of CuZn Phase 2 was to measure the quantity of copper and zinc released from various 

materials and structures in the urban built environment. 

Project objectives 

To accomplish the project goals, the following objectives were achieved: 

 

¶ Measure the quantity of copper and zinc leached from specific materials in the urban 

environment. 

¶ Develop release rates for copper and zinc from various materials. 

¶ Recalculate study area loading values using new release rates. 

¶ Compare release rates to CuZn Phase 1 data. 
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Methods  

Sample Design and Scope  

Parameters of Interest and Sources of Chemical Release 

CuZn Phase 2 was designed to assess building materials of various ages in situ and exposed to 

typical environmental conditions in the study area. Details of the rationale for the project sample 

design are in the QAPP (Bookter, 2017b). Parameters of interest were limited to copper and zinc 

due to their potential for adverse biological effects (particularly copper) and the magnitude of 

quantities potentially released from building materials. Ancillary water quality parameters 

analyzed included total suspended solids (TSS), dissolved organic carbon (DOC), hardness, pH, 

turbidity, temperature, and conductivity. 

Specific sources assessed for copper and zinc release were roofs, building siding, gutters, light 

standards, and chain-link fencing. These sources were selected based on results of CuZn Phase 1 

(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 source of copper and zinc. Metals present in the atmosphere may 

be the result of nonindustrial combustion emissions, industrial emissions, or vehicle wear 

particles such as tire and brake dust (Ochoa Gonzales et al., 2016). 

Study Area 

The Copper and Zinc in Urban Runoff study area is an 18.6 km2 (7.2 square-mile) portion of the 

lower Woodland Creek watershed in the City of Lacey and adjacent unincorporated Thurston 

County (Figure 1). Woodland Creek drains to Henderson Inlet in southern Puget Sound. 

The study area was selected for the concentrated commercial and industrial land uses, which 

have been shown to have higher copper and zinc concentrations in stormwater and streams than 

other land uses (Herrera Environmental Consultants, Inc., 2011; Hobbs et al., 2015). In 2016, 

land use in the study area was 35.5% commercial/industrial, 13.6% residential, 33.9% 

undeveloped, 12.4% roadways, 2.9% parks, and 1.8% agricultural (Figure 2). Of the area 

currently developed, 66% is commercial/industrial land use. This land use profile is similar to 

other urban areas of the Puget Sound basin.  

Bookter (2017a) used U.S. census data to estimate the 2010 population of the study area at 

approximately 7,600. The study area is undergoing rapid development (Collyard and Anderson, 

2017). 

The CuZn study area is located approximately halfway between Seattle, Washington, and 

Portland, Oregon, along the Interstate 5 corridor. The proximity to two large urban centers has 

made Lacey a transportation hub for major distribution companies (e.g., Target, Home Depot, 

Trader Joes, Harbor Wholesale Foods). In addition, Joint Base LewisïMcChord is located 

approximately 24 km (15 miles) north of the study area. This has resulted in increased 

development of large warehouses, apartment complexes, tract housing, and commercial services 

(e.g., big-box stores, strip malls, restaurants, banks). 
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The climate of the study area is temperate. Monthly average high and low temperatures range 

from 78°F/51°F (26°C/11°C) in August to 44°F/33°F (7°C/0.6°C) in December (Weather.com1). 

The average annual precipitation between 2003 and 2016 was 1003 mm (39.5 inches). The 

annual number of days of rain varied from 104 to 169 in that same period (Nat Kale, pers. 

comm., Thurston County Stormwater, 2018).  

The study area boundary was initially drawn along hydrological boundaries for two small 

watersheds draining into Woodland Creek. Because the focus of the study is on sources in the 

built environment, the study area boundary was expanded to follow tax parcel and neighborhood 

borders. 

                                                 
1 https://weather.com/weather/monthly/l/Lacey+WA+USWA0217:1:US 

http://teams/sites/EAP/Publications/PubsInProcess/Forms/AllItems.aspx?InitialTabId=Ribbon%2ERead&VisibilityContext=WSSTabPersistence
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Figure 1. Map of the urban copper and zinc study area, Lacey, Washington. 
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Figure 2. Map of 2016 land use in the urban copper and zinc study area, Lacey, Washington.
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Material and Site Selection 

Bulk rainwater washoff was collected from four different types of roofing materials, three types 

of siding, roof gutters, chain-link fencing, and galvanized light standards (Table 1). For two of 

the roof types and one siding type, both new (<5 years) and aged (>10 years) materials were 

sampled. Three sites were sampled for each of the materials of interest. 

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

Source Material type 
Age 

(years) 
Number 
of sites 

Sample 
events 

Total 
samples* 

Roofing Asphalt (AAR) <5 3 5 15 

ά Asphalt (AAR) >10 3 5 15 

ά Metal <5 3 5 15 

ά Metal >10 3 5 15 

ά Polymer (EPDM) ς 3 5 14 

έ Polymer (TPO) ς 3 5 15 

Gutters Metal ς 3 5 15 

Siding 
Painted 

fiberboard  
<5 3 6 10 

ά Metal <5 3 6 14 

έ Metal >10 3 6 13 

ά Painted wood >10 3 6 3 

Chain-link fence Galvanized ς 3 5 13 

Light standard Galvanized ς 3 5 14 

Atmospheric 
deposition 

Bulk ς 2 6 12 

Total ς ς 41 5ς6 183 

* Not including quality assurance (QA) samples. 

AAR = asphalt shingle with algae-resistant granules; Metal = painted steel; EPDM 

= ethylene propylene diene terpolymer; TPO = thermoplastic polyolefin 

Material type, brand, and age were collected from building construction and maintenance 

records. Material condition was obtained from Thurston County Assessor data and through 

onsite observation. Sampling locations were selected based on the type of construction material, 

material age, the logistical convenience for sample collection, and the ability to isolate the 

material of interest from other sources of copper and zinc. Appendix A lists details for each 

location. 

Roof-only monitoring sites with aluminum gutters and downspouts were given preference in 

order to isolate copper and zinc from interfering sources. These were moderate- to steep-sloped 

roofs constructed of asphalt shingles with algae-resistant granules (AAR) or painted steel 

(Metal). 

Most commercial roofs in the study area are low-sloped and generally drained via polyvinyl 

chloride (PVC) or galvanized steel downspouts, which are potential sources of copper and zinc. 

Low-sloped commercial roofs sampled were constructed of ethylene propylene diene terpolymer 

(EPDM) or thermoplastic polyolefin (TPO). 
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Chain-link fencing selected for sampling all appeared to be of the galvanized-before-weave type, 

based on visual inspection.  

Light standards were industrial-grade galvanized steel of the type used on major roadways. Two 

were located on interstate on-ramps and one was located at a large park-and-ride lot. 

Bulk Washoff Collection 

Passive collection systems were used to collect and store the bulk washoff during each storm 

event. Runoff from each monitoring site was sampled during five or six storm events from 

February through June 2018 (Figure 3).  

Precipitation data were obtained from the Thurston County Waste and Recovery Center (WARC) 

located in Lacey (Nat Kale, pers. comm., Thurston County Stormwater, 2018). For days when 

precipitation data were not recorded at the WARC, measurements from the Olympia Airport 

(NOAA2) and a nearby Weather Underground station (Weather Underground3) were averaged. 

Storms qualifying for a sampling event had a minimum rainfall depth of 5 mm (0.2 inches) with 

an antecedent dry period (less than 0.5 mm of rainfall) of six hours, a modification of sampling 

criteria established for the Phase I Municipal Stormwater Permit (Lowe, 2010). All storms 

except Storm 4 (3.7 mm precipitation) met these criteria. The passive collectors were deployed 

preceding the onset of storms forecast to meet these sampling criteria. 

 
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 

https://w2.weather.gov/climate/index.php?wfo=sew
https://www.wunderground.com/dashboard/pws/KWALACEY34
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Rainwater washoff from low-sloped commercial polymer roofs was sampled either by plugging 

one roof drain using a plug made of stainless steel and rubber or by constructing a washoff dam 

using aluminum flashing (Figure 4). Sample aliquots were then collected by compositing grab 

samples from the ponded stormwater. Roof sections were selected to minimize the contribution 

of copper or zinc from other roof components. 

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

For moderate- to steep-sloped roofs with aluminum gutters, aluminum diverters were installed in 

gutter downspouts to route rainwater runoff into 55-gallon sample collection drums with 

modified polytetrafluoroethylene (MPTFE) liners (Welch Fluorocarbon, Inc., Dover, New 

Hampshire). The collection drums were lidded, with a single small opening for the downspout 

diverter, and shrouded with plastic wrap to ensure that only rainwater from the roofing material 

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

To estimate copper and zinc contributions from painted steel gutters, diversions were constructed 

that allowed roof washoff to be collected without contacting gutters (Figure 6). Contributions of 

copper and zinc from painted steel gutters were calculated as the difference between the total 

roof runoff (i.e., roofing and gutters) and the rainwater washoff from the roofing material alone. 

These calculations were made following the conversion of copper and zinc concentrations into 

unit area release rates. The roof and roof/gutter samples were collected from different locations 

on the same roof system. 
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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 locations were selected to maximize rainwater volume and reduce the copper and 

zinc contributions from other construction materials. The sides of buildings facing the prevailing 

wind direction ð generally the southwest ð was sampled where possible. Siding material 

locations were selected to avoid contact with roof washoff. 

Rainwater washoff from building siding was collected by placing an aluminum pan beneath the 

siding drip line (Figure 7). Pans were lidded, with only the area underneath the dripline open for 

washoff collection. 
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Figure 7. Aluminum pans used to collect siding washoff. 
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Washoff from galvanized light standards was collected by installing aluminum foil collars near 

the base of the poles (Figure 8). The collar routed washoff into stainless steel funnels that 

drained into lidded five-gallon buckets with MPTFE liners. Buckets were lidded with a single 

small opening for the funnel to ensure that only washoff from the light standard was collected. 

 
Figure 8. Aluminum foil collar used to collect washoff from galvanized light standard. 

Washoff from galvanized chain-link fences was collected in aluminum pans placed below a 

section of fence dripline (Figure 9). Pans were lidded on either side of the fence to ensure that 

only washoff interacting with chain-link material was collected. 
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Figure 9. Aluminum pan used to collect washoff from chain-link fence. 

Bulk atmospheric deposition samples were collected at two sites in the study area for each storm 

event. Atmospheric deposition stations were located in the southwest and northeast quadrants of 

the study area and elevated on building roofs to reduce the possibility of sample contamination. 

Atmospheric deposition collection systems were deployed during each monitored storm event 

and the preceding antecedent dry period. This allowed for collection of both wet and dry 

deposition coupled with each sampled storm event. The collection systems were removed from 

the rooftops during minor precipitation events to eliminate collection of wet deposition during 

those storms. 

Bulk atmospheric deposition samples were collected using a 45.7-cm (18-inch) diameter circular 

stainless steel funnel exposed to the atmosphere (Figure 10). The decontaminated funnel drained 

into a five-gallon bucket with a MPTFE liner. This collection system is adapted from a similar 

system used to sample polychlorinated biphenyls (PCBs) in the Spokane River basin (Era-Miller 

and Wong, 2016). 
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Figure 10. Bulk atmospheric deposition collector. 

Sample Aliquot Collection 

Sample aliquots for field measurement and laboratory analysis were collected within 24 hours of 

the conclusion of each sampled storm event. Bulk samples were first homogenized by agitation 

of the sample inside of the Teflon liner or by stirring with an acid-washed stainless steel mixing 

paddle for larger volumes. Aliquots of bulk samples with small volumes were poured directly 

from the Teflon liners or aluminum pans into individual analyte bottles. For larger volumes 

where direct pouring was not feasible, samples were poured into analyte bottles using 

decontaminated stainless steel ladles. Sample containers, sample preservation, and holding times 

are listed in Appendix B. 
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Equipment decontamination was done by scrubbing with Liquinox detergent (Alconox, Inc., 

White Plains, New York) followed by sequential rinses with tap water, 10% trace metals grade 

nitric acid (Fisher Scientific, Ottawa, Ontario), and deionized water, then wrapped in aluminum 

foil (dull side in) for transport into the field. Filtering for dissolved metals and dissolved organic 

carbon was conducted on-site within 15 minutes of sample processing using precleaned 0.45 µm 

filters. 

Rainwater washoff samples were placed on ice immediately following aliquot collection and 

kept in a locked walk-in refrigerator at Ecologyôs Operations Center upon return from field. 

Samples were transported to Manchester Environmental Laboratory (MEL) with 48 hours of 

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

carbon (DOC), total suspended solids (TSS), and hardness. 

Following aliquot collection for laboratory analysis, the remainder of the bulk sample was 

analyzed in the field for temperature, pH, conductivity, and turbidity using a YSI EXO1 multi-

parameter sonde (YSI, Inc., Yellow Springs, Ohio). 

Equipment and field blanks were prepared by rinsing the equipment or filtering with laboratory-

provided deionized water and collecting the resultant rinsate or filtrate prior to sample collection. 

Rinsate from MPTFE liners, aluminum pans, and atmospheric deposition funnels was analyzed 

for total and dissolved metals (Cu, Zn). The filter apparatus blanks were analyzed for dissolved 

metals (Cu, Zn).  

The field-deployed water quality sensors (pH, conductivity, and turbidity) were calibrated 

according to the manufacturerôs recommendations before each sample collection event and 

checked against calibration standards at the end of each event. The pH sensor was calibrated for 

every sample event using a three-point calibration with standards for pH 4, 7, and 10. A single-

point calibration using a 1,000 µS/cm standard was performed on the conductivity sensor. The 

turbidity sensor was calibrated using 0 NTU (deionized water), 126 NTU, and 1010 NTU 

standards. All standard solutions used were manufacturer-recommended standards. 

Artificial Rainwater Washoff Sampling  

Artificial rainwater washoff sampling was conducted on August 15, 2018, to supplement data on 

copper and zinc in siding washoff. Samples were collected from washoff generated by applying a 

known volume of synthetic 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 Table 2. Washoff sampling was limited to the bottom 1 meter of 

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 using a 1 × 0.5 m foil-sided template, 

yielding 0.5 m2 of surface area washed at each site (Figure 11). 
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Table 2. Characteristics of siding selected for artificial rainwater washoff sampling. 

Location ID* Siding Type 
Material Age 

(yrs) 
Paint Age 

(yrs) 
Surface 

area (m2) 
Volume 

(L) 

ECHQ-SMT Metal (painted steel) 12 12 0.5 1.0 

EAGL-SFBR 
Painted fiberboard 

(fiber cement) 
4 4 ά ά 

CAMP-SFBR 
Painted fiberboard 

(fiber cement) 
5 5 ά ά 

ADON-SFBR 
Painted fiberboard 

(fiber cement) 
1 1 ά ά 

CIRQ-SMT Metal (painted steel) 1 1 ά ά 

MILL-SWD Painted Wood ca. 60 15 ά ά 

NTA-SMT Metal (painted steel) 2 2 ά ά 

NEIL-SWD Painted Wood 50 14 ά ά 

CAC-SWD Painted Wood 12 5 ά ά 
* See Appendix A for sampling location information. 

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




































































































