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Executive Summary

Elevated loads of sediments and contaminants ssichegals and hydrocarbons are carried via urban
stormwater to freshwater and marine environmehtsariety of these contaminants are the result of
road run-off: New Zealand Transport Agency (NZTA)seeking to better quantify the contribution
from state highways, and has commissioned NIWAnieutake a program of research involving:

e The design of a sampling protocol.

* Collection of sediment samples at sensitive locatimentified as at risk from state highway
run-off.

« Assessment of sediment quality at these locati@s&d on contaminant concentrations and
diagnostic source ratios.

This report presents the results of NIWA'’s resegnagram; findings are discussed in the context of
land use, including the relative contribution of tovwvays and urban areas to the metal ratios and
polycyclic aromatic hydrocarbon (PAH) levels measiin samples.

Sediment samples were taken from five sites idedtés being at high risk. The catchments in which
these sites were located and the neighbouring lsigitevays are: Motions (SH16), Newmarket (SH1),
Onehunga (SH1), Paremoremo (SH17) and Puhinui (PHZ0e samples were analysed for PAH,
TPH (total petroleum hydrocarbons) selected hopandgotal metals, including zinc and copper. A
summary of the estimated contribution of moderndroanoff to PAHs and metals in catchment
sediments is presented in the table below andéylts include:

 High zinc and copper concentrations were observedsddiments in the Motions and
Newmarket catchments. Using the ANZECC (2000) dirids, these sediment concentrations
have the potential to cause harm to aquatic lifghkinc concentrations were also observed
in the Puhinui catchment.

« To identify the potential source of these metdig, Zn:Cu ratio of modern road runoff was
used to provide a ‘crude’ estimate of metal sourtesn roads (Reed, 2008). Land-use
mapping and the Contaminant Load Model (CLM) (seepErley and Reed, 2008) were used
to assess metal sources in each catchment. Swe Mdtions and Newmarket catchment, the
Zn:Cu ratio observed in these catchments’ sedimeats lower than the Zn:Cu ratio from
modern road runoff (Reed, 2008) suggesting thaethee significant other metal sources in

Sampling receiving environments close to State s iv
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the catchment that require investigating. An inigedion of road derived sediments (RDS)
would further aid the investigation of metal sowsice

e High PAH concentrations were detected in sediméms the Motions and Newmarket
catchments. Both of these catchments exceeded NZEESC (2000) ‘low’ sediment quality
guideline. However, it was estimated in this stutbgt modern road runoff contributed
approximately <5% of the total sediment concerdrati

Summary Table: Estimated contribution of modern road runoff to PAHs and metals in
catchment sediments.

Catchment %o0f roads in PAH sediment Metal sediment Estimated
catchment levels of levels of contribution of
that are State concern concern® road runoff to
Highways sediment PAHs
(%)°
Motions 40 YES YES 2-4
Paremoremo 20 NO NO 61-100°
Puhinui 15 NO YES 100°
Newmarket 5 YES YES 3-6
Onehunga 5 NO NO 68-100°

! No estimated percentage contribution of road rumfsediment metals; requires analysis of roadvedr

sediment (RDS);
2 Range is based on upper and lower quartile hopahkrBtios using all 10 RDS samples (blue bars; Fidi8);

3Estimated percent contribution was >100%

Sampling receiving environments close to State s
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1. Introduction

1.1 Background

Urban stormwater carries elevated loads of totadpended solids (TSS, i.e.

sediments), contaminants such as metals (e.g.aridccopper) and hydrocarbons. A
substantial part of stormwater is conveyed via salgutters and catchpits (i.e. drain
inlets) to the reticulated pipe network and disghdr to streams, estuaries and
harbours. A variety of contaminants that end up fiashwater and marine

environments are a result of inputs from road rtin-Gontaminants of particular

interest include sediment, heavy metals, oils arghge, organic contaminants and
debris, due to their potential for adverse effectaquatic health.

New research by NIWA suggests that, in Aucklandireded loads from ‘modern’
road run-off account for up to two thirds of théalcamount of polycyclic aromatic
hydrocarbons (PAHs) contamination (Depree and Adr@007). Treating road run-
off can be expensive, and to maximise the costfiiertd undertaking such measures,
NZTA have identified a strategy for prioritisingetitment of road run-off from state
highways. Working with MWH (NZ) Ltd, NZTA has iddfied receiving
environments at potential risk from state highwayaff (Gardineret al, 2007).

1.2 Aimsand objectives

Additional research is now needed by NZTA to betieantify the contribution of
stormwater contaminants from state highways, inti@dar, the contribution of
metals, hydrocarbons, and any other contaminanistefest to identified sensitive
environments. To these ends, NZTA commissioned NIWAindertake a research
project that included the following key componerdssign of a sampling protocol;
collection of sediment samples at specified semsitocations; and assessment of
sediment quality based on various contaminant gunations and diagnostic source
ratios. In this report we present the results fomntthis study, and discuss our findings
in the context of land usage, including the reltoontribution of motorways and
urban areas to the metal ratios and PAH levels doaoross selected sensitive
locations.

Sampling receiving environments close to State Wafs 1



—NIWA_—

Taihoro Nukurangi

2. Materialsand Methods

2.1 Sitesdlection and sampling design

Sites selected for sampling were identified by NZ&aAd NIWA as having three
similar characteristics: they were (1) depositicaraas, (2) close to a discharge point
receiving road runoff from a state highway, and (Bey drain to sensitive
environments. An assessment of such sites wasdfiddriby Gardiner et al. (2007) as
high risk and potentially requiring stormwater ofitr treatment options along state
highways. The sites selected include outfalls teaeive direct runoff (e.g., piped
discharge), indirect runoff (e.g., stream/riveestuary) and/or a combination of these.

Sites selected are located in stormwater catchméntshe Auckland region,
discharging at:

- Meola Road (Motions catchment including SH16)

- Shore Road (Newmarket catchment including SH1)

- Captain Springs Road (Onehunga catchment inaugil)
- Vinewood Drive (Paremoremo catchment includingl®H

- Price Road (Puhinui catchment including SH20)

Location of all five sites selected, and positidrilee neighbouring state highways, is
presented in Figure 1. The latitude and longitutleach sample site is shown in
Appendix 1. The estimated number of daily vehiatetkavelled (VKT), as a measure
of urban traffic intensity at each site, is presdnh Figure 2.

For each catchment, the percentage of resideatimsimercial and industrial land area

which is occupied by roads is 16%, 20% and 20%e&sgely. These percentages are
taken from the Contaminant Loads Model (CLM; Timpgr 2008), and are based

upon studies of fully developed (urbanised) catatisie The Paremoremo catchment
is still substantially rural, so the values obtdinsing these percentages are likely to
be an overestimate.

Sampling receiving environments close to State Wafs 2
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2.2 Collection of samples

Sampling was designed with the aim of capturingsttetial heterogeneity of sediment
deposited in the vicinity of the discharge at eaith. At each site, 10 samples were
collected randomly along a transect li#00m from the point of discharge, from each
stormwater catchment. At each of the 10 samplditmta along the transect line, the
surface 1-2cm layer of sediments was scraped wsisgoop, and sediments were
stored wet in labelled plastic bags until returrthte laboratory. Samples were stored
at -20C prior to sediment processing and subsequent wamaat analysis. The
approximate location of the sampled transect knghiown for each site in Figure 3 to
Figure 7.

Par emor emo Catchment

Figurel Map of Auckland region showing the location of fhee sampling sites (red circles)
and their proximity to neighbouring state highways

Sampling receiving environments close to State Wagls 3
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Figure?2 Estimates of number of vehicles travelling (Vehikl® Travelled; VKT) in the
stormwater catchment only, illustrating urban fafintensity at each of the five
catchments studied. Data provided by NZTA (Gre@f)&).

221 Motionscatchment (Meola Road; SH16)

The Motions Creek sampling site (Figure 3) is ledat.5 km downstream of a major
stormwater culvert (2.5x2.5 m) that conveys stortewfrom SH16 up to ‘Spaghetti
Junction’. The site would also be impacted from auoas other smaller stormwater
inputs from the surrounding residential area (Wesén

2.2.2 Newmarket catchment (Shore Road; SH1)

The Newmarket stream sampling site (Figure 4apeated 10m downstream of a
major stormwater culvert located near Ayr Streddse to the roundabout with
Brighton Road and Shore Road. The culvert conveysnsvater from the catchment
(Figure 4b) including a section of SH1 in the KhyPass area. Sampling continued at
~10m intervals downstream to another culvert urgtgghton Road. The land-use in
the catchment is largely commercial (Newmarket Bveay) with recent residential
infilling as flats and apartments. The samplinge siwould be impacted from
stormwater inputs from the surrounding commerciald aresidential areas
(Newmarket, Broadway Park, Ayr Reserve) includingral roads.

Sampling receiving environments close to State Wafs 4
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MeolaRoad
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Figure3 Aerial view of Meola Road sampling site. Numberswlposition of each of the 10
samples collected. Photo frdmttp://www.googleearth.com

Sampling receiving environments close to State Wafs 5
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10

Figureda Aerial view of Shore Road sampling site. Numberawsiposition of each of the 10
samples collected. Photo frdmttp://www.googleearth.com

Figure4b Photo of Shore Road sampling site, showing mouttubfert. Photo NIWA.

Sampling receiving environments close to State Wafs 6
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2.2.3 Onehunga catchment (Captain Springs Road; SH1)

The Onehunga sampling site is located downstreaanvefy large stormwater culvert
(Figure 5a; black dot) along the waterfront of @nukau harbour and located east of
Alfred Street (located bottom left of Figure 5aheTculvert conveys stormwater from
the Onehunga catchment including a section of SeHr Mt Wellington. Sampling
was conducted randomly along a 100m transect (Egy6b -5d). The land-use in the
catchment is a mix of commercial (Church Streetelidmga area), industrial and a
mix of old and new residential. The sampling siteuld be impacted from stormwater
inputs from the surrounding industrial, commercad residential areas (e.g., Te
Papapa, Onehunga, Penrose, Oranga and Ellemstik)ding arterial roads.

nces Piylid, PSMA

Figure5a Aerial view of Onehunga sampling site. Photo friottp://www.googleearth.com

Sampling receiving environments close to State Wafs 7
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Figure5b Photo of Onehunga site from the culvert showing timaf pipe and the receiving
environment of the Manukau Harbour. Photo NIWA.

Figure5c Photo of Onehunga sampling site showing mouth qfe pand the receiving
environment of the Manukau Harbour. Numbers showitjpm of each of the 10
samples collected, only sites 1-4 shown here. PRBMA.

Sampling receiving environments close to State Wafs 8
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Figure 5d Photo of Onehunga sampling site showing mouth iple pand the receiving
environment of the Manukau Harbour. Numbers showsitjpm of each of the 10
samples collected, only sites 5-10 shown here.dPRBVA.

2.2.4 Paremoremo catchment (Vinewood Drive; SH17)

The Paremoremo sampling site (Figures 6a & 6l)datkd in a stormwater catchment
comprising of residential areas, recreational spaogral areas, Massey University
campus, commercial areas, several busy arteridsraad a section of SH17. Samples
were collected downstream of Wilfred Pannill Parnktle intertidal mudflats of Lucas
Creek.

Sampling receiving environments close to State Wafs 9
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Figure 6a Aerial view of Paremoremo sampling site. Numbersvsiposition of each of the 10
samples collected. Photo frdmttp://www.googleearth.com

Figure 6b Photo of sample 1 at Paremoremo. Photo NIWA.

Sampling receiving environments close to State Wafs 10
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2.25 Puhinui catchment (Price Road; SH20)

The sampling site is located in the Puhinui strehat flows around the quarry
(Figures 7a & 7b). The catchment is largely a nrxtof land uses, for example,
industrial, commercial, dairying, recreational aeaome residential and various
arterial roads including SH20.

© 2008 MapData noes PlyLid| PSMA

s

inter. 37:00:48.337 5| 174°61:04.287E elev. 18'm

Figure7a Aerial view of Puhinui sampling site. Numbers shpusition of samples collected.
Photo fromhttp://www.googleearth.com

Figure7b Photo of Puhinui sampling site (sites 9 and 10nt® NIWA.

Sampling receiving environments close to State Wafs 11
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2.3 Sample processing

Sediments were stored at -@20prior to processing. After thawing, each sampésw
homogenised, and two sub-samples were taken. @é¢ sediment sub-samples were
immediately re-frozen, freeze-dried and sent td Hiboratories (Hamilton) for the
analysis of PAHs (including the smoke marker conmubtetene), TPH and selected
hopanes. The second set of sub-samples was wetlsiethree particle sizes: 200-63
um, 63-25 pm and <25 um, then dried at 60°C umiistant weight. The dried
sediment was ground, and 1g (£0.001g) sent to lLhboratories (Hamilton) for
analysis of total metals (including zinc and coppesing digestion method US EPA
200.2 and analysed by ICP-MS using method APHA B125

2.4 Hypothesis: Contaminantsin State Highway Runoff

The aim of the sediment sampling was to quantify tontribution of stormwater
contaminants from State Highways to receiving eminents. To achieve this aim,
NIWA implemented a newly developed approach that ba used to estimate the
proportion of contaminants attributable to highwaynoff. This research was
undertaken by Reed (2008), and Ahrens and Depr@87)2 who examined
contaminants (metals and PAHs, respectively) fraateSHighway runoff that had
been deposited in a nearby stormwater retentida tEme retention tank studied was
located on Grafton Road near State Highway 1, aadl the distinctive feature of
trapping sediments only from the surface of the neatorway, with all other
contaminant sources excluded (Figure 8). As a cpswe, the Grafton Road
sediment contaminant concentrations and ratiosigedva way of estimating the
proportion of contaminants in receiving environmeediments that are attributable to
modern State Highway runoff from highly trafficketfeets.

In the present study, the current sampling sitescampared to the previous Grafton
Road results (Reed, 2008), which are used asyheal’ NZ contaminant signature’
from State Highways, having ‘high’ traffic volumés10,000 VKTs per day) to which
this project’'s sampling sites are compared to. AdAmental research question,
therefore, is as follows:

Are metal ratios and concentrations and PAH fingetp, in sediments sampled
close to discharge points in catchments with Sthgdways (with high VKTSs),
similar to contaminant ratios and concentrationgnfiGrafton Road sediments?

In a nutshell, similar contaminant ratios are iatliee that State Highway runoff is a
major source of those particular contaminants tolsaent sediments. If the ratios are
significantly different between State Highway runahd catchment sediments, then

Sampling receiving environments close to State Wafs 12
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this indicates that a source other than State Haghmunoff is a major environmental
contributor of those contaminants indicating thaiotaer source is contributing
disproportionately greater amounts of copper ot,zielding a higher or lower Zn:Cu
ratio, respectively. While not quantitative, the:Zuo ratio provides a qualitative
assessment tool for determining whether copperzamd in receiving environment
sediments are consistent with road runoff parttesi®eing the major source.

settling #1

forbay e T = .*‘ﬁ
) :

[ T —_—

Figure8 Photos of Grafton Road retention tank nearby St#igaway 1. Photograph A shows
the position of the tank close to the state highveenl shows sample locations within
the retention tank. Photo B shows an inside viewth#d first chamber which
concentrates the coarse material, and photo C stitmvmain tank looking towards
the forebay and inlet. Photos NIWA 2007.

Sampling receiving environments close to State Wafs 13
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2.5 Sourceinformation: Under standing the Zn:Cu ratio in sediments

Photos of Grafton Road retention tank near Statghway 1 are shown in Figure 8.

Photograph A shows the position of the tank closthé state highway and sampling
locations within the retention tank. Photo B sh@msnside view of the inlet chamber,
which concentrates the coarse material, and phabd®/s the main tank. Total zinc
and total copper concentrations have been meagsussdliments at each site in Photo
A (in three particle sizes: 200-63 um, 63-25 pm €88 pm) and the ratio of Zn:Cu

calculated. These values are used to describe metalentrations and ratios in

sediments collected from only State Highways wihtWKTs.

In this study, total zinc and total copper are meas in sediments at each sampled
site and are compared to the above Grafton Roddheats. Using results shown in
Figure 9 for Grafton Road, the ratio of Zn:Cu isnpared to each of the 5 sampled
stormwater catchments and the source of State Highwinoff assessed to help
answer the research question in section 2.4 alfémeexample, in the case where
Zn:Cu ratio differs from 6 (in the mud fractionhjs may suggest the presence of other
contaminating sources (without excluding the effetciState Highway runoff). The
potential source of any other contaminants (othan tfrom State Highway runoff) is
discussed using land use data (data which inclpdesentage of area occupied by
urban i.e. residential, industrial, or commercaid/or highways) in section 3.3. This
will also help answer our research question.

Zn:Cu ratio
N

—&— mud (<25um)
—&— silt (63-25um)
—&—sand (200-63um)

Inlet Forebay Site 1 Site 2 Site 3 Site 4
Sites

Grafton Road stormwater retention tank sedimentyaisa zinc (Zn) to copper (Cu)
ratios across the retention tank compartmentshieet sediment size fractions — sand
(200-63pum), silt (63-25 pm) and mud (<25 pm).

Sampling receiving environments close to State Wafs 14
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2.6 Determining the contribution of road runoff to sediment PAHs

The term ‘modern’ road runoff is used to differatai from historic road runoff that
has been found to contain considerably higher auraons (i.e. up to 100-times) of
PAHs because of the practice of using coal tar dsisdin road construction.
Accordingly, using the ratio of a suitable road atirimarker’ compounds (namely,
hopanes) with PAH contaminants, it is possiblediineate the proportion of PAHSs in
catchment sediments attributable to inputs of nasmbff particulates. It is important
to emphasise that this method cannot differenbateveen highway and non-highway
runoff since the differentiation between these so&l state vs. local government
management. However, if the relative contributidnstate highway runoff to total
runoff into a catchment is known, then this carubed to estimate the percentage of
sediment PAHs from runoff from state highways. Example, if 80% of the PAHSs in
catchment sediments were from modern runoff pdeaies, and if state highway
runoff makes up 25% of the stormwater inputs itite teceiving environment, then
25% of 80% equates to 20% of PAHs in catchmentnsexls being due to state
highway inputs.

Sampling receiving environments close to State Wafs 15



J— NIWA -

Taihoro Nukurangi

3. Resultsand Discussion

3.1 Heavy metal sediment concentrations by catchment

This section describes the metal concentrationsrafids in sediments at the sites
sampled at the 5 catchments. Zinc and copper ctratems were measured in the
mud (<25 pm), silt (25-63 pum) and fine sand (63-R09) size fractions. Background
concentrations of zinc and copper in natural dailthe Auckland region, that is non-
volcanic and volcanic soils, are also shown infigpares (see ARC, 2001; TP153).

3.1.1 Motions

Metal concentrations

The sediment concentrations of zinc and coppetifer3 particle size fractions are
shown in Figure 10 and Figure 11, respectively. Weelian concentration of zinc in
the sand, silt and mud fractions was 320, 445 &tdn8g kg', respectively. The same
trend was observed for copper, with the median eoination for sand, silt and mud
fractions being 87, 110 and 80 mg'kgespectively.

1400
Key
1200 1 90%
‘3 1000 - 50%
g %
£ 00 - 16
S
@
£ 600
3
% i
S 400 A
=
N
H []
0 T
200-63um 63-25um <25um Non- Volcanic
(sand) (silt) (mud) volcanic Soils
Figure 10 Zinc concentration (mg KO in sediments from Motions catchment across akeh

sediment types (sand, silt and mud) showing medadue, 10% and 90% percentiles.
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Figure1l Copper concentration (mg Kpin sediments from Motions catchment across a#eh

sediment types (sand, silt and mud) showing medadure, 10% and 90% percentiles.

Zinc:Copper (Zn:Cu) ratios

The zinc to copper ratio (Zn:Cu) in the Motionsatement was constant across the 3
different particle size fractions at the 10 sampdéds, with median Zn:Cu ratios of
4.0, 4.0 and 4.1 for the mud, silt and sand sizadtibns, respectively (Figure 12-
Figure 13).

All three sediment types show high concentrationsdth zinc and copper (Figure 10
and Figure 11, respectively). The Zn:Cu ratio remarelatively constant across
locations sampled along the transect from site 4it® 10, suggesting no spatial
heterogeneity in metal contamination along theseah sampled outside the point of
immediate discharge (i.e., sites 1-3) (Figure 13).

The Zn:Cu ratio in sediments sampled from thisluatent was ~4. This value differs
from that of the Grafton SWTD road runoff sedimeritere the Zn:Cu was found to
be ca. 6 (refer to Figure 9), although it was ndted, in the inlet bay, the silt fraction
of the Grafton SWTD sediment was closer to 4. Taigorof Zn:Cu in sediments
sampled in the Motions catchment is lower than etque This may be due to other
factors, for example, an additional source of coppehe catchment other than from
State Highway-only runoff and different chemicaiefand behaviour processes from
the Grafton Road study.

Sampling receiving environments close to State Wafs 17
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The latter study typically involved only sedimemtat and contaminants binding to
road-derived material rather than contaminants ngp¥iom source to the discharge
point where potentially large amounts of clean sedit (from stream bank erosion)
are used to bind dissolved metals to dissolved naicgaarbon (DOC), or where

suspended sediments are entrapped, or where featdicoetals are taken up by plants
or aquatic animals. Implications regarding sourckefeavy metals are discussed in
more detail in section 3.3.

10
Key
90%
8 4
50%
o 61 10%
€
3
0
=
N 4 1
2 -
0
200-63um (sand) 63-25um (silt) <25um (mud)

Figure12 Ratio of zinc (Zn) to copper (Cu) in sediments frdsotions catchment across all
three sediment types (sand, silt and mud) showiegliam value, 10% and 90%
percentiles.

10
—a— mud (<25um)
—8&— silt (63-25um)
81 —e— sand (200-63um)
6,
o
g
=1
]
Z 4
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2,
0
1 2 3 4 5 6 7 8 9 10
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Figure13 Variation in zinc to copper ratio across transemtations sampled in Motions

catchment
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3.1.2 Newmarket catchment (Shore Road; SH1)

Sediment concentrations of zinc and copper

The sediment concentrations of zinc and coppetifer3 particle size fractions are
shown in Figure 14 and Figure 15, respectively. fieelian concentration of zinc in
the sand, silt and mud fractions was 320, 750 &@drig kg', respectively. A similar
trend was observed for copper; with the median eoination for sand, silt and mud
fractions being 115, 225 and 210 mg'kgespectively. Highest metal concentrations
were present in the finer silt and mud fractions.

Zinc:Copper (Zn:Cu) sediment ratios

The median value of zinc to copper ratio (Zn:Cu)tie Newmarket catchment
remains relatively constant across sediments typih,a Zn:Cu ratio of 2.8 in the
sand to 3.2 in the silt, and 3.5 in the mud sectbthe sediments sampled (Figure

16).
1400
Key
1200 | 0%
'3 1000 - 50%
g 10%
~ 800 -
S
3
£ 600 -
8 .
&
O 400 +
=
N
L ]
0 T
200-63um 63-25um <25um Non- Volcanic
(sand) (silt) (mud) volcanic Soils
Figurel14 Zinc concentration (mg kY in sediments from Newmarket catchment across all

sediment types (sand, silt and mud) showing medid%, and 90% percentiles.
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Copper concentration (mg Kpin sediments from Newmarket catchment across all
three sediment types (sand, silt and mud) showiegliam value, 10% and 90%
percentiles.

All three sediment types show high concentratidnisodh zinc and copper, relative to
the other sites sampled in this study. Examinaiotme relationship between zinc and
copper concentrations reveals a similar pattethenvariation of both zinc and copper
in the silt and mud sections of the sediment (FiglB). The Zn:Cu ratio remains
constant across locations sampled along the trafreec site 1 to site 10, suggesting
no spatial heterogeneity in metal contaminatiomglthe transect sampled from the
point of discharge (Figure 17).

The Newmarket Zn:Cu ratio of ca. 3 was half thasesbed for the Grafton Road
SWTD runoff sediment. Similar to Motions, this indtes that there is either more
copper than zinc in sediments or just less zineddiments from Newmarket than
Grafton Road. Potential sources of copper incledidential pipes, building material,
pesticides, and possibly the sewage network. Iraftins regarding sources of heavy
metals are discussed in more detail in Section 3.3.
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Figure 16 Ratio of zinc to copper in sediments from Newmaitathment across all sediment

types (sand, silt and mud) showing median, 10%2@9d percentiles.
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Figure 17 Variation in zinc to copper ratio across transextations sampled in Newmarket

catchment

3.1.3 Onehunga

Sediment concentrations of zinc and copper

The sediment concentrations of zinc and coppetifer3 particle size fractions are
shown in Figure 18 and Figure 19, respectively. Weelian concentration of zinc in
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the sand, silt and mud fractions was 160, 140 &tdmg kg', respectively. A similar
trend was observed for copper; with the median eotnation for sand, silt and mud
fractions being 26, 22 and 28 mg'kgespectively.

All three sediment types show relatively low cortcations of both zinc and copper,
and concentrations of zinc and copper are similailithree particle size fractions of
the sediments (Figure 18 & Figure 19, respectivelyje results show that there are
lower zinc and copper concentrations in sedimerdas fthe Onehunga catchment
compared to the other catchments studied.
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Figure18 Zinc concentration (mg Ky in sediments from of Onehunga catchment acrdss al
three sediment types (sand, silt and mud) showiegliam value, 10% and 90%
percentiles.
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Figure 19 Copper concentration (mg Kpin sediments from Onehunga catchment across all
three sediment types (sand, silt and mud) showiegliam value, 10% and 90%
percentiles.

Zinc:Copper (Zn:Cu) sediment ratios

The median value of zinc to copper ratio (Zn:Cujhie@ Onehunga catchment remains
constant across sediments types, with a Zn:Cu o&ito23 in the mud, 6.51 in the silt
and 6.40 in the sand fraction of the sediments sat(Figure 20).

The Zn:Cu ratio remains constant across locatiangped along the transect from site
1 to site 10, suggesting no spatial heterogeneitynetal contamination along the
transect sampled from the point of discharge (Fdil). This may be in response to
the discharge being well-mixed and sediments havBimilar depositional
characteristics.

The ratio of Zn:Cu was around 6 in sediments saghfptem this catchment. This ratio
matches that of the Grafton Road hypothesis, stiggethat the state highway runoff
in the Onehunga catchment is a potentially sigaific source of the metal
contamination found in the sediments. Implicatioegarding sources of heavy metals
are discussed in more detail in Section 3.3.
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Figure 20 Ratio of zinc (Zn) to copper (Cu) in sediments fr@mehunga catchment across all
three sediment types (sand, silt and mud) showiegliam value, 10% and 90%
percentiles.
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Figure2l Variation in zinc to copper ratio across transemtations sampled in Onehunga

catchment
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3.1.4 Paremoremo

The sediment concentrations of zinc and coppetHer3 particle size fractions are
shown in Figure 22 and Figure 23, respectively. feelian concentration of zinc in
the sand, silt and mud fractions was 110, 130 &@dmg kg', respectively. A similar
trend was observed for copper; with the median eotnation for sand, silt and mud
fractions being 22, 24 and 21 mgkgespectively. All three sediment types show
relatively low concentrations of both zinc and cepmnd concentrations of zinc and
copper are both similar in all three fractions lué sediments (Figure 22 & Figure 23,
respectively).

Zinc:Copper (Zn:Cu) sediment ratios

The median value of zinc to copper ratio (Zn:Cu)tle Paremoremo catchment
remains constant across sediments types, with@umtio of 5.10 in the sand to 5.40
in the silt, and 5.68 in the mud section of themedts sampled (Figure 24).

The Zn:Cu ratio remained constant across locatiamspled along the transect from
site 1 to site 10, suggesting no spatial heterdgeimemetal contamination along the
transect sampled from the point of discharge (Fedi%).
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Figure 22 Zinc concentration (mg Kk§ in sediments from Paremoremo catchment across all
three sediment types (sand, silt and mud) showiegliam value, 10% and 90%
percentiles

Sampling receiving environments close to State Wafs 25



—NIWA_—

Taihoro Nukurangi

360
Key
320 90%
. 280
‘ 50%
2 240 -
g 10%
~ 200 -
5
£ 160 -
c
8
5 120
o
i
© 80 -
40 -
| = =
0 T
200-63um 63-25um <25um Non- Volcanic
(sand) (silt) (mud) volcanic Soils
Figure 23 Copper concentration (mg Kgin sediments from Paremoremo catchment across all
three sediment types (sand, silt and mud) showiegliam value, 10% and 90%
percentiles
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Figure24 Ratio of zinc (Zn) to copper (Cu) in sediments frBaremoremo catchment across all
three sediment types (sand, silt and mud) showiegliam value, 10% and 90%
percentiles
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Variation in zinc to copper ratio across transedations sampled in Paremoremo
catchment

The ratio of Zn:Cu was 5.5 in sediments samplechftbis catchment. This ratio is
close to that of the Grafton Gully SWTD runoff sednts. This indicates that the
neighbouring state highway 17 may affect metal @mmants ratios in the catchment.
Implications regarding sources of heavy metalsdéeussed in more detail in Section
3.3.

However, examination of the land use reveals the% 9of the land area in
Paremoremo is urban, while the remaining 4% is piecl by State Highways
(Fig.12). Estimates of daily traffic intensity sgg a mean value of 427,273 vehicles
km travelling (VKTs) each day on State Highway h7the Paremoremo catchment
(Fig.2). Within the urban area, 61% of the lan@désupied by residential area, while
31% is industrial and 4% is commercial (Fig.12)n&Zioads from residential (i.e.,
roofs and roads) and industrial (i.e., from ro@as are likely to influence the effect
of State Highway runoff.

3.1.5 Puhinui

Sediment concentrations of zinc and copper

The sediment concentrations of zinc and coppetHer3 particle size fractions are
shown in Figure 26 and Figure 27, respectively. igelian concentration of zinc in
the sand, silt and mud fractions was 230, 650 dfidnég kg', respectively. A similar

trend was observed for copper; with the median eotnation for sand, silt and mud
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fractions being 10, 35 and 36 mg kgespectively. Concentrations of both zinc and
copper are significantly higher in the silt and nfeattions of the sediments (Figure
26 & Figure 27, respectively).

Zinc:Copper (Zn:Cu) sediment ratios

The median value of zinc to copper ratio (Zn:Cu}hiea Puhinui catchment remains
constant across sediments types, with a Zn:Cu odtit®.87 in the silt, 20.00 in the
sand, and 20.71 in the mud section of the sedinsampled (Figure 28).

The Zn:Cu ratio remains constant across most lmeatsampled along the transect
from site 1 to site 10. In one sampled locatiordton 6), the Zn:Cu ratio increased
significantly, suggesting high spatial variability Zn levels in local volcanic soils.

The remaining samples showed similar Zn:Cu ratiesggesting no spatial

heterogeneity in metal contamination along theseah sampled from the point of
discharge (Figure 29).
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Figure 26 Zinc concentration (mg kY in sediments from Puhinui across all three sedime

types (sand, silt and mud) showing median valugy 48d 90% percentiles

Sampling receiving environments close to State Wafs 28



—NIWA_—

Taihoro Nukurangi

360

Key
320 4 90%

280

N

50%
240

10%

200 -

160 4

120 4

Cu concentration (mg kg

80

] = = [
=
200-63um 63-25um <25um Non- Volcanic
(sand) (silt) (mud) volcanic Soils

Figure 27 Copper concentration (mg Kpin sediments from Puhinui across all three sedime
types (sand, silt and mud) showing median valugy 48d 90% percentiles
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Figure 28 Ratio of zinc (Zn) to copper (Cu) in sediments frBohinui catchment across all three
sediment types (sand, silt and mud) showing medadure, 10% and 90% percentiles
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Variation in zinc to copper ratio across transemtations sampled in Puhinui
catchment

Results show that sediments contained very higlear@mations of zinc in the Puhinui
catchment, containing up to ca. 1000 md.Kg contrast, copper concentrations were
relatively low, with median values around 27-36 kuj. The ratio of Zn:Cu was 20
in sediments sampled from this catchment. Thi®nigtthree to four-fold higher than
in any of the other sample sites, and differs nadlgkérom the Grafton Road study.
The high values found for zinc concentration in Béhinui catchment indicate that
zinc levels are responsible for the high Zn:Cuoratalues. This is supported by
organic contaminant analyses, which showed thernRulsiediments contained very
low levels of PAHs and TPH, which were in fact dstemt with levels in
Paremoremo. Therefore, assuming similar sourceis reasonable to expect that
Puhinui sediments would contain comparable conagatrs of zinc and copper —
which for Paremoremo were ca. 120 mg' kad 22 mg kg, respectively — however,
the median zinc concentration in Puhinui sedimevds ca. 5-times higher (ca. 600
mg kg') than this. This strongly suggests there is a magurce other than road
runoff contributing to sediment zinc concentratiansthe Puhinui catchment. The
Puhinui catchment contains soil derived from voicaorigin (basalt), which may
contribute to the high levels of zinc in the ar&a.estimated median concentration of
zinc in volcanic soils was calculated by Aucklareyional Council (1991) to be
approximately 1,000 mg Kg
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3.2 Metals: Comparison of catchments

Results of this study show high zinc concentratiorsediments in Newmarket (SH1),
Puhinui (SH20) and Motions (SH16) catchments (Feg®0) and high copper
concentrations in sediments in Newmarket and Mseti@ffigure 31). Sediment zinc
concentrations ranged from ca. 100 mg ky Paremoremo up to ca. 700 mg'kg
Newmarket, and the copper concentration ranged t5rmg kg' in Paremoremo up
to ca. 225 mg K§ in Newmarket. Typical background concentrationszivic and
copper in soils (non-volcanic) are 35 and 7 mg, kgspectively.

The Australia and New Zealand Environment and Cwmasien Council Interim
Sediment Quality Guideline (ANZECC ISQG) values @®CC, 2000) are used to
assess the degree of potential hazard posed bgnoimvdted sediments. The ANZECC
ISQG values are the most appropriate criteria tplyapo this study as they are
concerned with the biological responses of orgasigncontaminants. The guidelines
contain two concentrations, the 1ISQG-Low conceittna{or trigger value) and the
ISQG-High concentration. The trigger value is a&#fold concentration below which
the frequency of adverse biological effects is et to be very low. The ISQG-High
concentration is intended to represent a concémratbove which biological effects
are expected to occur more frequently.
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Median zinc concentrations in sediments (<200umns=at size fraction) sampled
from 5 Auckland catchments and at Grafton RoadeGitame is ANZECC ISQG-low
(200 mg k@) and red line is ANZECC 1SQG-High (410 mg'ig
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Figure 31 Median copper concentrations in sediments sampéed 5 Auckland catchments and
at Grafton Road. Green line is ANZECC ISQG-low (®% kg") and red line is
ANZECC I1SQG-High (270 mg kY.

3.3 Estimating heavy metal sourcesfrom Zn:Cu ratio

3.3.1 Comparison of all catchments

Figure 32 shows average Zn:Cu ratio for the 5 eagstis and Grafton Gully. Using
the Grafton Gully Zn:Cu ratio as the basis of testour research question, we can
tentatively conclude that Grafton Gully runoff inpuare consistent with being the
major input in Paremoremo and Onehunga sedimemtsv]thin the dashed rectangle
which represents the State Highway runoff signafigeZn:Cu ratio of ca. 6) from
the Grafton Gully study; Reed (2008)] although amparison with land-use
information will aid this interpretation. The obgation of significantly different
ratios at Motions, Newmarket (lower) and Puhinugkier) indicates there are other
major ‘non-State Highway runoff sources contrilmgtito sediment contaminant
loading.
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Summary of Zn:Cu ratios for the five study catchtee(includes Grafton Gully
SWTD sediment - orange bar). Note: the ratio fahiRui is off-scale (actual value is
ca. 20). Area within the dashed rectangle approémto the Grafton Zn:Cu ratio of
ca. 6.

This is consistent with the findings from the PAbhtaminant apportionment results
discussed in subsequent sections (refer to Figgirenhere road runoff accounted for
approximately two-thirds of the PAHs in Paremoreamod Onehunga sediments
(based on Grafton Gully values), but <5% for Newkeaiand Motions. The unusual
result for Puhinui catchment in Figure 32 was atsmsistent with the PAH

apportionment result (refer to Figure 58), with immpossibly high value of 150%

being derived for the road runoff contribution ezlsnent PAHS.

M otions Catchment

High levels of metal contaminants detected in #giraents of the Motions catchment
reveal additional sources of contamination otheantistate highway-only runoff.
Examination of land use in the catchment reveals 11% of the land is occupied by
state highways, and the remaining land is urbamfesed of roads, residential areas,
commercial areas and industrial areas). Roadspgct&% of the land, residential
areas 53%, commercial areas only 1% and industreds 20%, as shown in Figure
33. Estimates of daily traffic intensity suggestmean of 478,806 vehicles km
travelling (VKT) each day on State Highway 16 desging to the point on Meola
Road adjacent to the Motions catchment (Figure 2).
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Summary of land-use in the Motions catchment

Results show that the Zn:Cu ratios may be primanijuenced by runoff from
residential and industrial areas. These include effects of roof-runoff from
individual houses or industrial lots, and arter@dd use in the urban-residential area.
Projection (using the Contaminant Load Model or Qldfithe future variation in zinc
load over the century from a number of sourceduding roofs and roads, predicts
that the zinc load originating from roofs will dease whereas the zinc and copper
load coming from road runoff will increase (Timpar] 2008).

Newmar ket Catchment

Examination of land use in the Newmarket catchmereals that nearly all of the
land area is urban (roads, residential areas, coocmhe@reas and industrial areas),
with only 1% occupied by state highways. Roadsipgcl7% of the land, residential
areas 64%, commercial areas 4% and industrial d4¥#s(Figure 34). Estimates of
daily traffic intensity suggest a mean value of 88% vehicles km travelling (VKT)
each day on State Highway 1 in the Newmarket cagcitifFigure 2).
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Summary of land-use in the Newmarket catchment

Results show that the Zn and Cu in sediments msyitriargely from the effect of
residential and industrial runoff. Possible souroetude roof-runoff (especially from
industrial areas) and arterial road use in the nireaidential and urban-industrial
areas. Busy arterial roads, like Khyber Pass amddvay, for example, will have a
marked impact on the metal loads in road runoffanse vehicles regularly break and
accelerate. Research on metal concentrations threoeff from busy arterial roads is
being conducted by Moores al. (2008).

Projections of zinc loads today and in the futwgerf a number of sources, including
roofs and roads, suggest that zinc loads will imseeover the next century (Timperley,
2008). This suggests that, while the metal contatitn in the Newmarket catchment
may show an overall decline in the future, the gbation to the contaminant
concentration by road-runoff is likely to increasgéth an increase in urban road use in
the Newmarket catchment.

Onehunga catchment

Sediments sampled from this catchment had a Zna@a of 6. This ratio matches
that of the Grafton Road SWTD runoff sediment, wwhstggests that state highway
runoff in the Onehunga catchment is a potentiaignificant source of the metal
contamination found in the sediments. Examinatibthe land use, however, reveals
that most of the land area in the Onehunga catchisenrban (roads, residential,
commercial and industrial), whilst only 1% is ocmg by state highways. Arterial
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roads comprise 17% of the land and many of thes#srare 2-3 dual lanes with heavy
trucks breaking and accelerating causing contarhinmatease to local roads.
Residential areas account for 62%, commercial a28asand industrial areas 18%
(Figure 35). Estimates of daily traffic intensgyggest a mean of 691,419 vehicles
km travelling (VKT) each day on State Highway llie Onehunga catchment (Figure
2).

State
Highw ays
Industrial 1% Roads
18% 17%

Commercial

= \

Residential
62%

Summary of land-use in the Onehunga catchments

The land use data above suggests that zinc aneéicoppediments may result largely
from the effect of industrial and residential ruinof

Par emor emo catchment

The Zn:Cu ratio was 5.5 in sediments sampled fioisdatchment. This ratio is close
to that of the Grafton Gully SWTD runoff sedimentsjicating that the neighbouring
State Highway 17 may significantly affect metal oninants ratios in the catchment.

Similar to the Onehunga catchment however, landexsgnination reveals that most
of the land is urban (roads, residential areas,neeroial areas and industrial areas),
with just 4% occupied by state highways. Roadspm@a 17% of the land, residential
areas 51%, commercial areas 3% and industrial @&8%s (Figure 36). Zinc loads
from residential areas (i.e., from roofs and roads) industrial areas (i.e., from roofs)
are likely to markedly influence the effect of sthighway runoff. Estimates of daily
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traffic intensity suggest a mean of 427,273 vekiélem travelling (VKT) each day on
State Highway 17 in the Paremoremo catchment (Eigur

State
Highw ays
4%
Industrial Roads
25% 17%

Commercial 7
3%

Residential
51%

Figure 36 Summary of land-use in the Paremoremo catchments

Puhinui catchment

The very high Zn:Cu ratio in Puhinui sediments &l by 5-fold higher than
expected concentrations of zinc) strongly sugdest & source other than road runoff
is responsible for much of the sediment zinc laadhe catchment. Once again the
majority of land in the catchment is urban (roadgsjdential areas, commercial areas
and industrial areas), with just 3% occupied byestighways. Roads occupy 17% of
the land, residential areas 45%, commercial aré@aart industrial areas 29% (Figure
37). Estimates of daily traffic intensity suggestmean of 481,231 vehicles km
travelling (VKT) each day on State Highway 20 ie tAuhinui catchment (Figure 2).
Zinc and copper concentrations in this catchment reault largely from the effect of
a combination of factors, including the presenckafe amounts of volcanic soil, roof
and arterial road runoff from residential, commakrcand industrial areas, and
contaminants from state highway runoff.
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Summary of land-use in the Puhinui catchments

These results suggest that, while state highwagffus likely to contribute to the
contaminant concentrations and ratios in this ¢atstit, it is not the only source and
the other sources alluded to above are also likehe major contributors.

3.4 PAHsand TPH in receiving environment sediments

3.4.1 Concentrationsof PAHsand TPH for each catchment

The full analytical laboratory report for catchmesgtdiment samples is provided in
Appendix 1, which includes TPH chromatograms. Usletherwise specified the
concentration of PAHs in sediments is the sum eflté PAHSs listed by the US EPA
(Environmental Protection Agency) as priority contaants, namely; naphthalene,
acenaphthene, acenaphthylene, fluorene, phenaathmmhracene, fluoranthene,
pyrene, benzo[alanthracene, chrysene, benzo[bdfiubene, benzo[k]fluoranthene,
benzo[a]pyrene, indeno[l,2,3-c,d]pyrene, dibenbddamthracene, benzo[g,h,i]
perylene.

M otions Catchment

The concentration of PAHs at the 10 sampling s&eged from 8.9 mg kgto 162.6
mg kg'. The median, lower and upper quartile PAH conegiatns were 18.8 mg kg
', 10.1 mg kg and 33.0 mg K§ respectively (Figure 38). The concentration of
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PAHs varied 18-fold along the sampling transecthwhe highest concentrations
(sites 2 & 3) being located immediately downstrezfrivieola Rd. The >100 mg Kg
PAH concentrations were considerably higher than28-30 mg kg reported for
Motions Creek sediments (Depree & Ahrens, unpubiitand ca. 10 mg Kgat the
downstream Auckland Regional Council (ARC) sedimaonitoring site (Mathieson
et al., 2002). Depree and Ahrens have estimatadtiipa 4% of the PAHSs in Motions
Estuary are attributable to modern road runoffhwiite major source being proposed

as historic roading coal tar (Depree & Ahrens, 3007
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Sediment PAH concentrations for Motions catchmemgdian shown in orange)

The concentration of TPH in Motions sediments vess Ivariable, ranging ca. 3-fold
from 210 mg kg to 670 mg kg. The median, lower and upper quartile conceninatio
of TPH were 465 mg kb 358 mg kg and 500 mg kg, respectively (Figure 39). The
dissimilar distribution pattern of TPH and PAHsNiotions sediments indicates either
different sources, or environmental fate. Compouala$ses such as alkanes, which
account for a large proportion of the TPH concditna are much more easily
degraded than PAHs — that is, they are é&gsgronmentally persistent
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Figure 39 Sediment TPH concentrations for Motions catchnferdian shown in orange)

Neither PAHs nor TPH showed any trends moving fromstream (#10) to
downstream (#1) sampling sites, although the sammgliansect line was relatively
short compared to the distance (ca. 1.5 km) torthim stormwater outlet into Motions
Creek (located just above the outflow from West@pnings, Figure 40). Furthermore,
Motions Creek has, historically, been exposed tgelaamounts of point source
industrial contamination, and the area to the Nu¥ist of the sampling area used to
be a landfill (Figure 40). The highest concentragiof PAHs (sites 2 & 3) were
immediately downstream of discharge from Meola Rdde, however, because of the
relatively low volume of the discharge from thesamps this is unlikely to be the
reason for the high PAHs sediment concentratiotisesie two sites.
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Location of Motions catchment sampling site relatie major stormwater outlet and
historic landfill (map from MapToaster Topo). Insglioto shows stormwater box
culvert merging with the outflow from Western Sgsn

Newmar ket catchment

Sediments sampled from Newmarket contained relgtitdgh concentrations of
PAHSs that varied by a factor of ca. 22 across thedmpling locations, ranging from
3.2 mg kg to 68 mg kdg. The median, lower and upper quartile PAH conegians
were 11.7 mg K§ 9.2 mg kg and 37.8 mg K§ respectively (Figure 41). The
median concentration of 11.7 mgkgvas comparable to the ca. 10 md kgf PAHs
reported for sediments sampled further upstrear@0@6 by the ARC (Depree &
Ahrens, 2007). In the same study, the authors estinthat 11% of the PAHs in
Newmarket sediments were attributable to moderd roaoff.
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Figure4l Sediment PAH concentrations for Newmarket catchrfetian in orange)

As with the Motions catchment, there was less isit@ variability in the sediment
concentration of TPH, which ranged from 190 md ktp 635 mg kg — a 3-fold
variation compared to the 22-fold observed for PAHse median, lower and upper
quartile TPH concentrations were 407 mg k@50 mg kg and 535 mg Kg,

respectively (Figure 42).
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Figure42 Sediment TPH concentrations for Newmarket catchrfreatlian in orange)

Because the stormwater connectivity, in relatiothiosampling area, is not clear, it is
difficult to draw any conclusions regarding the gmece or absence of any
concentration trends. However, assuming the majartiof road runoff is upstream of
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site 1, there was no decreasing trend in sedimentaminant concentrations with
distance from the source. This is perhaps not wwrpd given the relatively short
length of sampling section (ca. 100 m).

Onehunga catchment

In contrast to the Motions and Newmarket catchmerite sediment PAH
concentrations were ca. 100-times lower at Onehursgaing from <0.1 mg Ky to
1.0 mg kg. The median, lower and upper quartile PAH conegiains were 0.30 mg
kg', 0.13 mg kg and 0.35 mg Ky respectively (Figure 43). The median PAH
concentration was comparable to ARC sediment mongcsites at Pakuranga (0.43
mg kg"), Mangere (0.40 mg K{, Pukaki (0.22 mg kY, Weiti (0.21 mg kg) and
Cheltenham (0.19 mg Ryy— 2001 data (Mathieson et al., 2002).
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Sediment PAH concentrations for Onehunga catch(meediian in orange)

The median concentration of TPH was lower than bfwi and Newmarket
catchments by a factor of 6-7. The concentratiamged from below detection limit
(ND) to 250 mg kg. The median and upper quartile TPH concentratieere ca. 70
mg kg' and 120 mg K§ respectively (Figure 44) — the lower quartile cemtration

was less than the method detection limit of can3§kg".

The Onehunga sampling area was a simple ‘end @& pilgcharge and therefore a
dilution gradient was expected over the ca. 100mg lsampling transect. Referring to
the sampling site (Figure 5b), the sites can belddsinto three groups: ‘near’ sites 1-
4 were near the pipe exit; ‘mid’ sites 5-7 were 4gidund; and ‘far’ sites 8-10 were
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located the furthest from the point of dischargee Thean concentration of PAHs for

the ‘near’, ‘mid’ and ‘far’ groups was 0.50 mgk®.27 mg kg and 0.08 mg kg

respectively. A similar decreasing trend was ob=sgrnfor TPH with mean
concentrations of 135 mg kg78 mg kg and ‘not detected’ for the ‘near’, ‘mid’ and
‘far’ sites, respectively.
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Sediment TPH concentrations for Onehunga catch(nggdian in orange)

Par emor emo catchment

Like Onehunga, sediments analysed from the Parenmoatchment contained very
low levels of PAHSs, ranging from <0.1 mgkgo 0.28 mg kg. The median, lower
and upper quartile PAH concentrations were 0.19 kgig 0.15 mg kg and 0.24
mg kg', respectively (Figure 45). With the exception és 1 and 2, the sediment
concentrations of PAHs along the transect were senjlar, differing by only a factor
of 2 (i.e. 0.14-0.28 mg k). The median concentration of 0.19 mg‘kg PAHs was
ca. 3-times lower than the Paremoremo ARC sedimmamitoring site, which for the
years 1998, 1999 and 2001 had respective PAHs ntratiens of 0.66 mg kg 0.59
mg kg' and 0.61 mg k§(Mathieson et al., 2002).

With the exception of site 1, the concentratiomBH in sediments was very constant
along the sampling transect line, ranging from %@-ing kg'. The reason for the 3-
times higher concentration at site 1 (307 mg)kg unclear, especially since this site
corresponding to the lowest concentration of PAHsly 0.04 mg kg. The median,
lower and upper quartile TPH concentrations wer@ hiy kg, 91 mg kg and 113
mg kg®, respectively (Figure 46).
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As indicated for Newmarket, in the absence of adgauderstanding of the stormwater
connectivity relative to the sampling area, it i#ficllt to draw any conclusions
regarding the fate or dilution of contaminants tieato distance from the discharge

point.
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Figure45 Sediment PAH concentrations for Paremoremo catch(negdian in orange)
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Figure 46 Sediment TPH concentrations for Paremoremo catch(meadian in orange)
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Puhinui catchment

Sediments from the Puhinui catchment containedadvest concentrations of PAHS,
ranging from 0.01 mg kfto 0.24 mg kg. Excluding site 6, the concentrations of
PAHs were relatively constant between sites clogedtfurthest from the stormwater
discharge point (sites 1 and 10, respectively erraf Figure 7a), varying only by a
factor of 2-3. The median, lower and upper quaffH concentrations were 0.13
mg kg*, 0.10 mg kg and 0.21 mg K§ respectively (Figure 47). Puhinui catchment
is one of the 27 ARC estuarine sediment monitosites — previous concentrations of
0.15-0.21 mg kg are consistent with the median and range of cdratéms reported
in Figure 47 (Mathieson et al. 2002).
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Sediment PAH concentrations for Puhinui catchmewdjan in orange)

The concentrations of TPH were highly variable giag from below detection limit
to 500 mg kg. The median and upper quartile concentrations Wéreng kg' and
158 mg kg, respectively (Figure 48) — the low quartile cartcation was below the
detection limit. The relatively high TPH conceniatat site 7 did not correspond to
an increased concentration of PAHs (Figure 47).théeithe PAH nor the TPH
concentrations showed a decreasing trend betweées Siand 10, although this is
expected given the relatively short distance betwsi#es 1-10 compared to the
distance from the main stormwater discharge pipe.
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Figure 48 Sediment TPH concentrations for Puhinui catchmeseidfan in orange)

3.4.2 Comparison of catchments: PAHsand TPH

Polycyclic aromatic hydrocar bons (PAHS)

The median sediment PAH concentrations for eatheofive catchments ranged from
0.13 mg kg for Puhinui, to 18.8 mg kg for Motions (Figure 49). The five
catchments fell into 2 distinct groups, those waéthvated PAH concentrations (i.e.
>10 mg kg"), namely Motions and Newmarket; and those witly Vew levels (i.e. <1
mg kg"), namely Onehunga, Paremoremo and Puhinui. Ing@tidediment PAH
concentrations along the transect line at OnehuRgeemoremo and Puhinui were
reasonably constant, but there was considerabiatieer in concentrations at Motions
and Newmarket. (evident from the large inter-qleranges; Figure 49).
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Figure 49 Median (n=10) concentrations of sediment PAH cotregions for each the five

catchments. The ‘error bars’ represent upper angrdauartile concentrations. Inset
shows detail of the 3 catchments containing low RsHcentrations (<1 mg Ky

To provide some context for the PAH concentratipresented in Figure 49, the PAH
data for the 2001 ARC sediment monitoring progranfg¥esites) are summarised in
Figure 50 (Mathieson et al., 2002). Relative to thenitoring sites of Auckland
urbanised estuaries, the concentrations of sedifahRts reported in this study (i.e.
Figure 49) were regarded as very high for Motionsl &lewmarket, and low for
Onehunga, Paremoremo and Puhinui catchments. Sadifnem reference or pristine

catchments contained <0.03 mg'kgf PAHs.
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Figure 50 PAH concentrations (2001) for the 27 ARC sedimentiioring sites (Mathieson et

al. 2002).

Total petroleum hydrocarbons (TPH)

The median sediment concentrations of TPH showsichdar trend to PAHs (Figure

51) with Motions and Newmarket catchments contgnisignificantly higher
concentrations (>400 mg Kpthan Onehunga, Paremoremo and Puhinui catchments
(<100 mg kg). The distribution of TPH in sediments samplechglthe transect line

for each catchment was less varied than for PAHs. fElatively large inter-quartile
range of TPH for Onehunga and Puhinui catchmeriguf€& 51) was a function of
many of the individual sediments having concerdretiless than the method detection

limit.
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Median (n=10) concentrations of sediment TPH cotraéions for each the five
catchments. The ‘error bars’ represent upper andrguartile concentrations.

3.4.3 Comparison with relevant sediment quality guidelines

The two relevant sediment quality criteria are ANZECC (2000) quality guidelines
and ARC’s Environmental Response Criteria (ERC)ictvlare summarised in Table
1. Based on the ANZECC guidelines for the 16 ‘ptyorPAHs, sediments from

Motions and Newmarket (Figure 52) have levels oHBAhat exceed the low trigger
level (or ‘threshold effects level’ — TEL), but advelow (7% percentile concentration)
the high trigger value, which represents the ‘phib&ffects level’ (PEL). The median
concentrations of sediments from Onehunga, Parenwmrm@nd Puhinui were more
than 10-times lower than the ANZECC low triggerueal

Summary of ANZECC (2000) guidelines and ARC’s Eamimental Response
Criteria (ERC)

Guideline value Sum of 16 EPA ‘priority’ Sum of 6 high molecular
PAHs (mg kg ™) weight PAHs (mg kg ™)

ANZECC ‘LOW’ 4 1.7

ANZECC ‘HIGH’ 45 9.6

ARC ERC ‘RED’ - 1.7

& Sum of fluoranthene, pyrene, benz[a]anthracermysehe, benzo[a]pyrene and dibenz[a,h]anthracene
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However, based on the sum of the concentration ligh molecular weight PAHS
(abbreviated a&¢PAH), the median and upper quartile concentratafigotions and

Newmarket, respectively, exceed the ANZECC higlellg¥igure 53). However, it
must be emphasised that this comparison is basetiyoweight concentrations that
have not been normalised to 1% organic carbon.
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34.4 PAH and TPH concentrationsin road-derived sediments (RDS)

In heavily trafficked catchments, road runoff peautate material is generally
considered to be the major source of sediment PAldsprovide an indication of
potential contaminants levels in this ‘source’ male 11 previously collected
Auckland and Hamilton road-derived sediments (DepP®08) were re-analysed
(<2mm fraction) for PAHs and TPH (refer to Appendxfor full laboratory data
report). The median, lower and upper quartile cotve¢ions of PAHSs in the road-
derived sediments (RDS) were 4.6 mg'k8.9 mg kg and 5.7 mg kg, respectively
(Figure 54). For TPH, the median, lower and uppgrtje concentrations were 1300
mg kg, 905 mg kg and 2300 mg K respectively (Figure 55).
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Concentration of PAHs in RDS collected from Aucklaaeind Hamilton (descriptions
of the RDS samples are provided in Depree 2008)

It is apparent from Figure 54 that RDS, a majorrsewf PAHs in urban sediment,
contains ca. 5 mg Kgof PAHs. The noticeably higher concentration (@@ kg®) in
sample ‘A4ASW'’ is presumably caused by inputs ofl taa(Depree 2008), which are
not considered representative of ‘modern’ road flusimce roads are now made
exclusively from bituminous binders. Assuming thahg kg is representative of the
PAH concentration in road runoff particulates trae deposited in receiving
environment sediment, then we can propose theviollp

« modern road runoff cannot account for the levelP&Hs in Motions and
Newmarket sediments;
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* modern runoff can readily account for the PAHsadiments from Onehunga,
Paremoremo and Puhinui catchments. On averageDi$ewuld need to be
diluted (with clean sediment) by a factor of 15480order to result in the
observed 0.15-0.30 mg kgoncentrations.

Based on the median concentration of TPH in RDS8ijlw&ion factor of ca. 13-16

would be needed to produce the 60-100 mg k§ TPH detected in Onehunga,
Paremoremo and Puhinui sediments. However, leshasigp should be placed on
TPH comparisons between ‘source’ and ‘sink’ becdi)smany TPH components are
susceptible to rapid degradation and (ii) unlikeH8Anot all sources of TPH are
anthropogenic — plant wax hydrocarbons can corigibignificantly to the TPH total.

For these reasons more petroleum specific andctefsa(environmentally persistent)
petroleum molecular markers, such as hopanes ftere amployed.
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Concentration of TPH in RDS collected from Aucklaarti Hamilton (descriptions of
the RDS samples are provided in Depree 2008)

345 Determining the contribution of PAHs in catchment sediments from
moder n road runoff

Depree and Ahrens (2007) have estimated the catitibof modern road runoff to
urban stream and estuarine sediments in Aucklareé fethod used involved
measuring the concentration of compounds calledahe® which are very stable
organic compounds present in relatively high cotreg¢ions in crude petroleum, and
concentrated in high-boiling fractions/residueg.(ditumen). The hopane quantified
in this study was § 170(H),218 (H)-hopane (structure shown below).
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Because coal tar and other atmospheric sourcepoaeatially important sources of
PAHs in receiving environment sediment, the adwgmtaf hopanes is that because
they are derived from bacterial sterols, they am present in significant
concentrations in pyrogenic source materials suglsa@t and coal tar. Therefore,
assuming that the only source of hopanes in catchssgliments is derived from road
runoff, the contribution of road runoff to sedimédPAHs can be estimated from the
hopane:PAH ratio in modern runoff. This in-turn uggs that the hopane:PAH ratio
used is representative of the road runoff parttesldeing deposited in a particular
receiving environment. Depree and Ahrens (2007)ans® of a single RDS sample
collected from a Grafton Gully stormwater treatmeevice (SWTD) — the largest
stormwater settling tank in NZ. In this study, 1ID® sediments (including Grafton
Gully) were included to determine how much vari@pthere was in the hopane:PAH
ratio in modern RDS.

Concentration of hopanein catchment sedimentsand RDS

Note: hopane concentrations are presented as ftg kg

The concentration of hopane in sediments variea ligctor of ca. 3 across the five
catchments, ranging from 60 pgkgt Paremoremo to 203 pgkat Motions (Figure

56). Assuming the hopanes are a proxy for roadffunputs to sediments, the lower
variation in hopane concentrations suggests tithbagh PAHs are ca. 100-times
higher at Motions and Newmarket, the inputs of roawbff particulates may be only
2-3-times higher at these sites. It is noted, hawnethat this simple ‘approximation’
ignores differences in the relative loads of ‘clediluting sediment being deposited.

The concentration of hopane in RDS sediments rariged 90-340 pug kg with
median, lower and upper quartile concentrationd4s0 pg kg, 1170 pg kg and
1540 ug kg (Figure 57). Based on the median hopane concimtratad runoff
particulates would need to be diluted (i.e. witkael sediment) by a factor of ca. 7 at
Motions and Newmarket, and 15-20-fold at OnehuRgaemoremo and Puhinui.
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(note: units are pg Ky

Estimating the contribution of modern road runoff to sediment PAH loadings

Using the data presented in Figure 57 and Figure hopane:PAH ratios were

determined for all the individual PAHs. Then be@use have assumed that all the
hopane in the catchment sediments is derived fiaad runoff, the hopane sediment
concentration is simply divided by the individuatios to estimate how much of each
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PAH in the sediment is attributable to road runpfrticulate. The individual
concentrations are then summed and expressed eEentage of the total measured
concentration of PAHs. In contrast to a previousdgt(Depree & Ahrens, 2007),
rather than rely on just the Grafton Gully sampdebaing representative of modern
runoff particulates, estimations were based omtadian ratios from 10 RDS samples
(sample A4SW was excluded due to suspected copf¢aence).

The calculated contributions of modern road rumafiticulates to the sediment loads
of PAHSs in the five catchments are presented imrf€ip8. To give some idea of the
potential variation, 3 sets of ratios have beerdusqi) median from all samples

(n=10), (ii) median for Hamilton RDS (n=4), and foomparison with the previous

study (Depree & Ahrens, 2007), (iii) sediment fridm Grafton Gully SWTD.
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Figure 58 Estimated (based on hopane:PAH ratios) contributidn modern road runoff

particulates to the concentration of PAHSs in catehtrsediments. Blue bars represent
‘best’ estimate using hopane:PAH ratio derived fralinlO RDS samples; alternative
apportionments (orange/grey bars) using hopane:RaAibls derived from small RDS
data sets are provided for comparison

Using the ratios for ‘all samples’ the contributioh modern runoff was <5% for
Motions and Newmarket, meaning that >95% of the BAM these sediments are
attributable to another source — presumably hist@ind possible ongoing) inputs of
coal tar contaminated runoff particulate. For exemim Christchurch, although coal
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tar has not been used since the early seventemnthe deposited particulate material
in channels can contain up to 200 mg kgf PAHs caused by ongoing inputs of coal
tar contaminated soils (Depree et al., 2006).

Using the ratio for ‘all samples’ (blue bars) thentibution of runoff to sediment
PAHs was 110%, 99% and 230% for Onehunga, Parenmorand Puhinui

catchments,, respectively. Using the single GrafBully hopane:PAH ratio, road
runoff accounted for 70%, 63% and >100% of thermedi PAHs from Onehunga,
Paremoremo and Puhinui, respectively (orange bars).

The ca. 100% PAH contribution values obtained foelunga and Paremoremo were
in agreement with conclusions derived from the Znr@tios — that is that sediment
concentrations in these catchments are mainly dueodd runoff. It is important,
however, to emphasise that this does not impl stathway runoff, as it not possible
to differentiate this from inputs from other modeoad runoff. For the Motions and
Newmarket catchments, both the Zn:Cu and hopane:R#ibls were consistent with
there being significant inputs from non-road rursitirces. For these two catchments,
where the proportion of PAHs from runoff was estdbto be <5%, the Zn:Cu ratio
was ca. 3, compared to the normal road runoff vafum. 6.

The Puhinui catchment contains very low levels &&kHB, with many sites
approaching the method detection limit, which tetodmit the reliability of this type
of analysis. However, the main point to emphasis¢hat the results in Figure 58
indicate that modern road runoff could accountédlrof the sediment PAHSs in this
catchment.

It is important to point out that the contaminappartionments estimated in Figure 58
only relate to PAHs — they cannot be applied t@otontaminants such as copper and
zinc. Hence, although it is estimated that <5% AHB in Motions and Newmarket
catchment sediments are attributable to modern maaff, the contribution to heavy
metals (Cu and Zn) is probably much higher.

The >100% contributions of PAHs in sediments refieihe limitation of using a

‘single ratio approach.’ In Figure 58, the assumpis that the blue bars (‘all samples’
I.e. 10 RDS samples) best represent the hopanerBi#idipresent in runoff; however

this results in road runoff accounting for 230%PR#Hs. This implies there is either
another source of hopanes (possible, as concemsatiere 40 and 70% higher than
Onehunga and Paremoremo, respectively) or theaatiple’ ratio is not representative
of the true hopane:PAH ratio present in Puhinucloaient runoff. If the hopane:PAH

ratio from Hamilton runoff (4 RDS samples) is uggdey bars, Figure 58), a more
sensible PAH contribution value of 115% is produda@spective of the correct ratio,
as mentioned previously, the results show thathallsediment PAHs in the Puhinui

Sampling receiving environments close to State Wafs 57



—NIWA_—

Taihoro Nukurangi

catchment are probably coming from modern road ffurtdence the amount of

contaminants coming exclusively from state highwewt depend on their relative

contribution to total road runoff in the catchmenrt®stimated values are given in
Table 2.

A better method would have been to collect RDS $esnfi.e. street sweepings and/or
sump sediments) from representative highways i edche five catchments, and
derive individual hopane:PAH ratios for determinhg PAH contribution in each of
the catchment sediments. Despite the variation dpahe:PAH ratios, the results
unambiguously showed that at sights where contarmhitevels are of concern —
relative to sediment quality guidelines (i.e. Mogoand Newmarket) — modern road
runoff containing ca. 5 mg Kgaccounts for only 5% of sediment PAHs. In more
recently developed catchments, which have not b&pnsed to historic contaminants
(i.e. coal tar), modern road runoff is, as expectethajor source of sediment PAHSs,
accounting for between 50-100% of the total. Howewe these catchments, the
absolute concentration of PAHs in the sedimenigelt below ‘low’ ANZECC trigger
levels — Onehunga, Paremoremo and Puhinui PAH otratens were an order-of-
magnitude lower than the threshold effects levefefr to Figure 52). Hence the
following situations occur:

(i) sediment PAH concentrations of concetn<5% attributable to modern runoff

(i) modern runoff major source of sediment PAHsconcentrations well below ‘low
trigger levels’ (i.e. threshold effects level)

In either of these situations, it could be argueat treating runoff from a modern
constructed road (i.e. highway) in the ‘effecteditahment would have minimal
environmental benefits with respect to PAHs. Innse® (i) treating runoff from a

modern road would have little impact on sedimentcemtrations in the receiving
environment as this source may be contributing <@%he total. In scenario (ii)

treating road runoff may reduce receiving environtrleads of PAHs, however, the
levels are many times lower than threshold effémtels. A summary of the modern
road runoff contribution to catchment sediment PAkIsd comparison of sediment
PAH concentrations relative to the threshold effdevel (TEL) is presented in Table
2.
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Table2 Summary of estimated contribution of modern roadoftito PAHs in catchment

sediments, and PAH concentrations relative to tN&BCC ‘LOW’ sediment quality
guideline value (threshold effects level)

Catchment Estimated %of roads in Sediment [PAH] PAH sediment
contribution of road catchment relative to levels of
runoff to sediment that are state ANZECC ‘LOW’ concern
PAHSs (%)* highways guideline (%)

Motions 2-4 40 470 YES
Newmarket 3-6 5 290 YES
Onehunga 68-100° 5 75 NO

Paremoremo 61-100° 20 4.8 NO

Puhinui 100° 15 3.3 NO

1 Range is based on upper and lower quartile hopAheratios using all 10 RDS samples (blue bars;
Figure 58)Zestimated percent contribution was >100%
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4. Conclusions

4.1 Metals

Results of this study show high zinc concentratiorsediments in Newmarket (SH1),
Puhinui (SH20) and Motions (SH16) catchments amh ltopper concentrations in
sediments in Newmarket and Motions. Zn:Cu ratiogntb in this study averaged
between 3 and 6 in all but one catchment. The BiglE@:Cu ratio found across
sampled sites was in the Puhinui catchment wititia of 20, which represents a three
to four-folds increase relative to all other cateims studied. Results suggest that the
unusually high Zn:Cu ratio found in the Puhinuiotahent may be explained by the
combination of natural sources, i.e. a large prigoiof volcanic soils in the area, and
runoff from industrial and commercial buildings,wsll as of the neighbouring State
Highway 20.

Onehunga catchment showed a Zn:Cu ratio closeatoettpected for a state highway
only effect on the stormwater catchment, suggestimgt the zinc and copper
concentrations found in the Onehunga catchment lmamarkedly influenced by the
state highway runoff from state highway 1. Howetke, land-use data indicates other
urban sources of zinc and copper also make a tamggeibution to this ratio.

Newmarket showed high concentrations of both zimt @opper, with a low resulting
Zn:Cu ratio of 3. Possible sources of contaminantshe Newmarket catchment
include roof-runoff from the residential and commal areas, old copper piped
networks (a possible large source of copper), langyrial roads and state highway 1.

Motions showed high metal concentrations in sediméuot the ratio of Zn:Cu was
approximately 3, so lower than the Grafton RoaddytuZinc and copper
concentrations in the silt and mud fraction wergyvegh (>500 mg kg of zinc and
>119 mg kg of copper). This concentration in sediments maysesharm to aquatic
life (see Depree, 2008). Newmarket catchment adsothe potential to cause harm to
aquatic organisms using the above criteria. Furitherstigations in these catchments
would assist with more detailed source tracking.

4.2 PAHsand TPH

The five catchments could be separated into twegoaies; ‘high’ and ‘low’ PAH
contamination. Sediments from Motions and Newmackéthments contained ‘high’
levels of PAHs, with median concentrations of 19 &2 mg k¢, respectively.
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Sediment concentrations in both of these catchmexdiseded the ANZECC ‘low’
sediment quality trigger level (or Threshold Effee€@oncentration — TEL) of 4 mg kg
! The Motions and Newmarket PAH concentrations vegaificantly higher than the
median of 4.6 mg kg for samples (n=10) of road runoff particulates.(RDS). In
contrast, the other 3 catchments — Onehunga, Paeemoand Puhinui — contained
very low concentrations of PAHs, with median coricaions ranging from 0.13 to
0.30 mg kg. The concentrations of PAHSs in these three catotsneere 13-30 times
below the ANZECC ‘low’ trigger level.

Differences in the sediment levels of TPH were lpssnounced between the 2
catchment groups, the ‘high® PAH catchments (Matioand Newmarket) had
concentrations of TPH ca. 400-450 mg‘kgompared to 60-100 mg kgor the ‘low’
PAH catchments of Onehunga, Paremoremo and Pul#itidhe catchment sediment
TPH concentrations were much lower than the medfat300 mg kg observed in
road runoff particulates.

Based on the concentration data, it is apparehi{#@anodern road runoff particulates

cannot account for the concentration of PAHs inibttd and Newmarket sediments;

(b) based on median TPH concentrations and exaudther sources, road runoff

particulates would need to be diluted (with othielan sediment) by a factor of only

ca. 3 — although the Auckland RDS median was 030 23g kg" which would require

a ca. 5-fold dilution; and (c) Based on median Patd TPH concentrations, modern
road runoff particulates would need to be dilutgdréspective factors of 15-35 and

13-22 to account for the concentrations observedhi® Onehunga, Paremoremo and
Puhinui catchments.

Hopanes are refractory marker compounds for highnigopetroleum fractions and
residues (i.e. bitumen). Based on the concentmtdri hopane marker, the required
dilution factor of road runoff particulates was @afor Motions and Newmarket, and
15-20 for Onehunga, Paremoremo and Puhinui catdsmegaing hopane:PAH ratios,
the percent contribution of modern road runoff tatcbment sediments was
determined as: 2-4% for Motions; 3-6% for Newmarké&-100% for Onehunga; 61-
100% for Paremoremo; 100% Puhinui.

For the three catchments — Onehunga, ParemoremBundui - where modern road
runoff account for up to 100% of the sediment PAHE important to emphasise that
the sediment PAH concentrations in these catchrmemetsl3-30 and 150-350 times
less than the ANZECC ‘low’ and ‘high’ trigger legelrespectively. The situation is
reversed for the 2 most contaminated catchments otiohk and Newmarket.
Although these two catchments exceed the ANZECW®/ ‘lsigger value, it was
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estimated that modern road runoff contributes td%<Bf the total sediment
concentration. Hence this study indicates that PAls not a major problematic
contaminant class, since environmental levels ragisrom the discharge of road
runoff particulates are well below sediment quadjtydeline values.
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6. Appendices

Appendix 1: Latitude and longitude of sampling sites

Site

MOTIONS

NEWMARKET

ONEHUNGA

PAREMOREMO

PUHINUI

1

36°51'27.14 S
174° 43 06.36 E

36°51'50.02 S
174°47 1449 E

36° 55’ 52.00 S
174° 48 12.68 E

36°44'12.43 S
174°41'11.49E

37° 00 40.69 S
174° 50’ 28.23 E

2

36°51'27.19S
174° 43 05.87 E

36°51'49.68 S
174° 47 14.78 E

36°55'52.24 S
174° 48 12.65 E

36°44'12.28 S
174° 41’ 11.22 E

37°00'39.20 S
174° 50’ 27.67 E

3

36° 51’ 27.68 S
174° 43 05.46 E

36°51'49.28 S
174° 47 15.26 E

36°55'52.55 S
174° 48 12.72 E

36°44°11.89 S
174° 41’ 10.66 E

37° 00 39.63 S
174° 50’ 26.28 E

36°51'28.16 S
174° 43’ 04.88 E

36°51'49.35S
174° 47 16.50 E

36°55'53.05S
174° 48 12.78 E

36°44'11.75S
174° 41’ 10.66 E

37°00"39.97 S
174° 50’ 25.05 E

36°51'28.61 S
174° 43 03.98 E

36°51'49.68 S
174° 47 17.38 E

36° 55’ 53.86 S
174° 48 12.84 E

36°44°11.59 S
174° 41’1046 E

37° 00 40.59 S
174° 50’ 24.67 E

36° 51" 28.66 S
174° 43 02.96 E

36°51'49.49 S
174° 41’ 18.87 E

36° 55" 54.66 S
174° 48 12.99 E

36°44'11.47 S
174° 41’ 10.13 E

37°00"40.96 S
174° 50’ 22.86 E

36°51'28.32 S
174° 43 02.10 E

36°51'49.23 S
174° 47 19.57 E

36° 55" 55.29 S
174° 48 13.05 E

36°44'11.86 S
174° 41’ 09.63 E

37°00"43.05S
174° 50’ 22.56 E

36°51'27.38 S
174° 43’ 01.33 E

36°51'48.89 S
174° 47 20.88 E

36°55'55.84 S
174° 48 13.14 E

36°44'12.20 S
174° 41’ 09.05 E

37°00"45.40 S
174° 50’ 20.24 E

36°51'26.91 S
174° 43 00.37 E

36°51'48.58 S
174° 47 21.89 E

36° 55’ 56.68 S
174° 48 13.23 E

36°44°12.46 S
174° 41’ 08.71 E

37° 00" 46.56 S
174° 50’ 20.20 E

10

36°51'26.92 S
174° 42’ 59.58 E

36°51'48.13 S
174° 47 22.89 E

36°55'57.71S
174° 48 13.46 E

36°44'12.70 S
174° 41’ 08.68 E

37°00"47.86 S
174° 50’ 20.37 E
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Appendix 2: Hill Laboratory report for TPH, PAH and
Hopanesfor catchment sediments

Sample A Blank 0817-1.0 0817-2D 0817-3.0 0817-4.D 0817-5D
Sample Info xspaht.36.7 xspaht.36.8 xspaht.36.%spaht.36.1tspaht.36.1 spaht.36.1.
Pyrene-d10 70110 72073 92533 94992 87676 96646
Perylene-d12 52711 7337z 85334 95467 89911 91801
Retene (response) 0 16104 46778 67380 16907 24721
Hopane 1 (response) 0 31555 44191 7B965 37149 30003
Hopane 2 (response) 0 136836 144943 228889 29737 99759
Retene (conc. uglL) 22.344 50.553 70.932 19.283 26.579
Hopane 1 {cone. ug/L) 43.007 51.786 80.619 41.318 32.647
Hopane 2 {cone. ug/L) 186.496 169.854 238.757 33074  108.551
Prep Factor from LS3 0675 0.678 0.6M 0.685 0.667
Retene Final Conc. (mg/kg) 0.015 0.034 0.048 0.013 0.017
Hopane 1 Final Conc. (mg/kg) 0.029 0.035 0.054 0.028 0.022
Hopane 2 Final Conc. (mg/kg) 0.126 0.115 0.161 0.023 0.072
Sample 0817-21.D 0817-22.D 0817-23.D 0817-24.D 0817-25.D
Sample Infe xspaht.37.4 xspaht.37 Sxspaht.37.6xspaht. 37 7xspaht.37.8
Pyrene-d10 105556 99202 95276 94006 96333
Perylene-di2 102440 97339 94937 91646 94076
Retene (response) 7786 2072 720 2324 1053
Hopane 1 (response) 18006 5185 2938 10177 13637
Hopane 2 (response) 100593 26047 12794 50366 69904
Retene (conc. ug/L) 7.376 2.08% 0.756 2.472 1.093
Hopane 1 (conc. ug/L) 17.577 5327 3.085 11.105 14.496
Hopane 2 (conc. ugil) 98.197 26.759 13.476 54957 74.306
Prep Factor from LS3 0675 0.676 0.6M 0.668 0.675
Retene Final Conc. (mg/kg) 0.005 0.001 0.001 0.002 0.001
Hopane 1 Final Conc. (mg/kg) 0.012 0.004 0.002 0.007 0.010
Hopane 2 Final Cone. (mg/kg) 0.066 0.018 0.009 0.037 0.050
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Sample Info

Pyrene-d10
Perylene-d12

Retene (response)
Hopane 1 (response)
Hopane 2 (response)

Retene (conc. ugil)
Hopane 1 (conc. ug/L)
Hopane 2 (conc. ug/L)

Prep Factor from LS3

Retene Final Conc. (mg/kg)
Hopane 1 Final Conc. (mg/kg)
Hopane 2 Final Conc. (mg/kg)
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0817-41.0 0817-42.D 0817-43.D 0817-44.D 0817-45.D
xspaht.38.4 xspaht.38.5xspaht.38.6xspaht. 38 7xspaht.38.8

102811
95507

4278
14205
55368

4.161
14.967
57.973

0.676
0.003
0.010
0.039

103552
968520

2877
13567
45156

2778
14.056
46.784

0.675
0.002
0.009
0.032

98430 93255 92098
930823 ao872 90376

3368 2002 2657
10339 13075 8193
34965 432098 35512

3422 J.112 2.885
11.008 14.548 9.065
37.227 48177 38.294

0673 0.677 0.684
0.002 0.002 0.002
0.007 0.010 0.00&
0.025 0.033 0.027
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retene concentration - (retene response/pyrene-d10 response)*100
hopane concentration - (hopane response/perylene-d12 response)*100
final concentration - (instrument result*prep factor)/1000

0B17-6.D0 0817-7.D

82763
79255

13907
22020
72181

16.803
27.784
91.074

0673
0.011
0.019
0.061

77423
77240

20062
30740
117242

25912
39.798
151.789

0.672
0.017
0.027
0.102

0817-8.0 0817-9.D 0B17-Sdup 0817-10.D 0817-11.D 0817-12.D 0B17-13.D
spaht.36.1:spaht.36.1:spaht.36.1kspaht.36.1tspaht.36.1 spaht.36. 1tspaht.36.1¢spaht.36.2ispaht.36.2"

93711
96612

18127
27529
94597

19.344
28.454
97.914

0.669
0.013
0.019
0.066

105477
96065

9069
13640
arirz

8.598
14.199
39.319

0.871
0.006
0.010
0.026

95046
86903

13339
16437
51855

14.034
18914
59.440

0.672
0.009
0.013
0.040

108978
100642

12676
27480
8eess

11.632
27.305
86.334

0.681
0.008
0.019
0.059

100012
98674

1423
27038
10036

1.423
27.398
10.171

0.675
0.001
0.018
0.007

a7464
95426

906
5451
10008

0.930
5.712
10.486

0.666
0.001
0.004
0.007

100938
96369

4337
15598
24384

4297
16.186
25.303

0677
0.003
0.011
0.017

0817-26.D 0817-27.D 0817-28.D 0817-29.D 0817-30.D 0817-31.D 0817-32.D 0817-33.D 0817-34.D
xspaht.37.%spaht.37 . 1spaht.37.1spaht.37 .1ispaht.37.1:spaht.37. 1<spaht.37 14spaht.37 . 1ispaht.37.1

96488 94060 97738 97255 85484 105589 83613 117530 110279
94193 80265 94032 90995 a7aoy 100495 90934 127608 121139
432 11611 2518 3851 3021 34768 100373 134444 51135
1811 24072 12109 11524 5493 33vaz 30507 52543 48426
10516 121038 B7479 52698 27310 135785 69419 100205 112908
0.500 12.344 2.576 3.960 3.378 32.928  120.045 114391  46.369
1.923 26.967 12.755 12.664 6.249 33.556 33.549 41.175 38.976
11.164 135594  71.081 57.913 31067 135116  76.340 85.649 93.204
0670 0.678 0.670 0676 0.673 0.672 0.667 0.670 0675
0.000 0.008 0.002 0.003 0.002 0.022 0.080 0.077 0.031
0.001 0.018 0.009 0.009 0.004 0.023 0.022 0.028 0.027
0.007 0.092 0.048 0.039 0.021 0.091 0.051 0.057 0.063
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0817-46.D 0817-47.D 0817-48.D 0817-49.D 0817-50.D
xspaht.38.%spaht.38.1spaht.38.11spaht.38.1ispaht.38.13

05708
91023

2177
10905
38801

2.275
11.980
43.726

0676
0.002
0.008
0.030

0817-14.D 0817-15.D 0817-16.D 0817-17.D 0817-18.D 0817-19.D 0817-20.D
wspaht.36.ixspaht.36.: xspaht. 36.Exspaht. 36 txspaht.36.: xspaht. 36 & spaht.37.3

oB226
85621

2112
25682
33659

2.150
26.774
35.090

0.682
0.001
0.018
0.024

85753
82087

2067
13376
55830

3.099
14.385
B0.041

0.675
0.002
0.010
0.041

110827
108422

2809
28625
37406

2.535
26.160
34.185

0.678
0.002
0.018
0.023

BE5348
106613

1734
2838
14447

1.800
3.634
13.679

0.679
0.001
0.002
0.009

102434

BoE2v

538G
35745
45857

b.258
37.380
51.081

0.679
0.004
0.025
0.035

90893
Q3587

741
5331
15547

0.815
5.696
16.612

0675
0.001
0.004
0.011

95130
82351

3410
34633
47074

3.440
37.501
50.873

0.679
0.002
0.025
0.035

81732
81582

1131
E000
23673

1.233
B.735
25.849

0.671
0.001
0.00&
0.017

g7g72
85989

2325
25821
36715

2.376
26.900
38.249

0.679
0.002
0.018
0.026
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54588
87540

2316
25576
34566

2.449
28.216
30,486

0.680
0.002
0.020
0.027

96700
94440

2401
34622
50428

2.483
36.660
53.397

0677
0.002
0.025
0.036
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0817-35.D 0817-36.D 0817-37.D 0817-38.D 0817-39.D 0817-40.D
ispaht.37.1tspaht.37 . 14spaht.37.2ispaht. 37 21spaht. 37 . 2ixspaht.38.3

119227
122596

50156
45847
116663

42.068
37.397
95.161

0.668
0.028
0.025
0.064

104329
108615

25337
35870
130076

24.286
J2.724
118.666

0.677
0.018
0.022
0.080

107283
102900

23170
45E00
152581

21.597
45287
148.281

0.675
0.015
0.031
0.100

103167
85420

21278
43029
123401

20.825
45.094
129.324

0.675
0.014
0.030
0.087

116089
108416

22796
2B60E
70851

19.637
24.316
B4.754

0.665
0.013
0.01&
0.043

102506
88336

16241
33857
114563

15.844
34,532
116.502

0.680
0.011
0.023
0.079
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Appendix 3. Hill Laboratory report for TPH, PAH and
Hopanesfor road-derived sediments (RDS)
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Hopane and Retene results for 643946

retene concentration - (retene response/pymene-d10 response)*100
hopane concentration - (hopane response/perylene-d12 response)*100
final concentration - (instrument result*prep factor)/1000

Sample 3946-1.D  3946-2D  3946-3.D 3946-4.D  3946-5D  3946-6.D  3946-7.D  3946-8.D  3946-9.D
Sample Info xspaht.40.3 xspaht40.4 xspaht40.5 xspaht40.6 xspaht40.7 xspaht.40.8 xspaht40.10 xspaht.40.11 xspaht.40.12
Pyrene-d10 63933 503928 331772 389067 354926 422208 397793 332740 689464
Perylene-di2 54495 511137 313391 373837 313867 309242 203838 237503 419296
Retene 15743 115229 20889 131691 56385 360918 468170 67602 135742
Hopane 1 622378 5071954 4627724 4699723 2024074 8283787 2356380 2862022 5192816
Hopane 2 5684917 4411789 4240849 4306734 2803528 7871409 1974347 2630320 4466921
Retene (conc. ug/L) 24.624 22,066 27.094 33.848 15.886 85.403 11.607 20317 19.688
Hopane 1 (conc. ug/L) 1142.083 992.289 1476.661 1257.158 931.539 2678.739 801.932 1205.426 1238.481
Hopane 2 (conc. ug/L) 1036.640 863.132 1363.213  1152.035 893.136 2545.388 671917 1107.489 1065.338
Prep Factor from LS3 1.3298 1.3208 1.3280 1.3333 1.3351 1.3333 1.3351 1.3316 1.3333
Retene Final Conc. (mg/kg) 0.033 0.030 0.036 0.045 0.021 0.114 0.015 0.027 0.026
Hopane 1 Final Conc. (mg/kg) 1.519 1.320 1.961 1.676 1.244 3.572 1.07M 1.605 1.651
Hopane 2 Final Conc. (mg/kg) 1.379 1.148 1.797 1.536 1.192 3.394 0.897 1.475 1.420

Mote: Prep factor is double that of last job - 640817
as extracts were very dark and final velume was 1mL instead of 0.5mL.
3946-10.0  3946-11.D
xspaht.40.13 xspaht.40.14

375503 332232
206540 186171

91536 41821
2764928 2024425
2308229 1636832

24.377 12.588
1338.689 1031.970
1161.145 834.441

1.3351 1.3333
0.033 0.017
1.787 1.376
1.550 1.113
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