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Executive Summary 

 

Elevated loads of sediments and contaminants such as metals and hydrocarbons are carried via urban 

stormwater to freshwater and marine environments.  A variety of these contaminants are the result of 

road run-off: New Zealand Transport Agency (NZTA) is seeking to better quantify the contribution 

from state highways, and has commissioned NIWA to undertake a program of research involving: 

• The design of a sampling protocol. 

• Collection of sediment samples at sensitive locations identified as at risk from state highway 

run-off. 

• Assessment of sediment quality at these locations based on contaminant concentrations and 

diagnostic source ratios. 

This report presents the results of NIWA’s research program; findings are discussed in the context of 

land use, including the relative contribution of motorways and urban areas to the metal ratios and 

polycyclic aromatic hydrocarbon (PAH) levels measured in samples. 

Sediment samples were taken from five sites identified as being at high risk.  The catchments in which 

these sites were located and the neighbouring state highways are: Motions (SH16), Newmarket (SH1), 

Onehunga (SH1), Paremoremo (SH17) and Puhinui (SH20).  The samples were analysed for PAH, 

TPH (total petroleum hydrocarbons) selected hopanes and total metals, including zinc and copper.   A 

summary of the estimated contribution of modern road runoff to PAHs and metals in catchment 

sediments is presented in the table below and key results include: 

• High zinc and copper concentrations were observed in sediments in the Motions and 

Newmarket catchments. Using the ANZECC (2000) guidelines, these sediment concentrations 

have the potential to cause harm to aquatic life. High zinc concentrations were also observed 

in the Puhinui catchment. 

• To identify the potential source of these metals, the Zn:Cu ratio of modern road runoff was 

used to provide a ‘crude’ estimate of metal sources from roads (Reed, 2008). Land-use 

mapping and the Contaminant Load Model (CLM) (see Timperley and Reed, 2008) were used 

to assess metal sources in each catchment. So, in the Motions and Newmarket catchment, the 

Zn:Cu ratio observed in these catchments’ sediments was lower  than the Zn:Cu ratio from 

modern road runoff (Reed, 2008) suggesting that there are significant other metal sources in 
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the catchment that require investigating. An investigation of road derived sediments (RDS) 

would further aid the investigation of metal sources. 

• High PAH concentrations were detected in sediments from the Motions and Newmarket 

catchments. Both of these catchments exceeded the ANZECC (2000) ‘low’ sediment quality 

guideline. However, it was estimated in this study that modern road runoff contributed 

approximately <5% of the total sediment concentration.  

 

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

Catchment %of roads in 
catchment 

that are State 
Highways 

PAH sediment 
levels of 
concern 

Metal sediment 
levels of 
concern1 

Estimated 
contribution of 
road runoff to 

sediment PAHs 
(%)2 

Motions 40 YES YES 2-4 

Paremoremo 20 NO NO 61-1003 

Puhinui 15 NO YES 1003 

Newmarket 5 YES YES 3-6 

Onehunga 5 NO NO 68-1003 

1 No estimated percentage contribution of road runoff to sediment metals; requires analysis of road derived 

sediment (RDS); 

2 Range is based on upper and lower quartile hopane:PAH ratios using all 10 RDS samples (blue bars; Figure 58); 

3 Estimated percent contribution was >100%. 
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1. Introduction 

1.1 Background  

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

sediments), contaminants such as metals (e.g. zinc and copper) and hydrocarbons. A 

substantial part of stormwater is conveyed via roadside gutters and catchpits (i.e. drain 

inlets) to the reticulated pipe network and discharged to streams, estuaries and 

harbours. A variety of contaminants that end up in freshwater and marine 

environments are a result of inputs from road run-off. Contaminants of particular 

interest include sediment, heavy metals, oils and grease, organic contaminants and 

debris, due to their potential for adverse effects on aquatic health.  

New research by NIWA suggests that, in Auckland, estimated loads from ‘modern’ 

road run-off account for up to two thirds of the total amount of polycyclic aromatic 

hydrocarbons (PAHs) contamination (Depree and Ahrens, 2007). Treating road run-

off can be expensive, and to maximise the cost/benefits of undertaking such measures, 

NZTA have identified a strategy for prioritising treatment of road run-off from state 

highways. Working with MWH (NZ) Ltd, NZTA has identified receiving 

environments at potential risk from state highway runoff (Gardiner et al., 2007).  

1.2 Aims and objectives 

Additional research is now needed by NZTA to better quantify the contribution of 

stormwater contaminants from state highways, in particular, the contribution of 

metals, hydrocarbons, and any other contaminants of interest to identified sensitive 

environments. To these ends, NZTA commissioned NIWA to undertake a research 

project that included the following key components: design of a sampling protocol; 

collection of sediment samples at specified sensitive locations; and assessment of 

sediment quality based on various contaminant concentrations and diagnostic source 

ratios. In this report we present the results found in this study, and discuss our findings 

in the context of land usage, including the relative contribution of motorways and 

urban areas to the metal ratios and PAH levels found across selected sensitive 

locations.  
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2. Materials and Methods 

2.1 Site selection and sampling design  

Sites selected for sampling were identified by NZTA and NIWA as having three 

similar characteristics: they were (1) depositional areas, (2) close to a discharge point 

receiving road runoff from a state highway, and (3) they drain to sensitive 

environments. An assessment of such sites was identified by Gardiner et al. (2007) as 

high risk and potentially requiring stormwater retrofit treatment options along state 

highways. The sites selected include outfalls that receive direct runoff (e.g., piped 

discharge), indirect runoff (e.g., stream/river or estuary) and/or a combination of these.  

Sites selected are located in stormwater catchments in the Auckland region, 

discharging at:  

- Meola Road (Motions catchment including SH16) 

- Shore Road (Newmarket catchment including SH1) 

- Captain Springs Road (Onehunga catchment including SH1)  

- Vinewood Drive (Paremoremo catchment including SH17) 

- Price Road (Puhinui catchment including SH2O)  

Location of all five sites selected, and position of the neighbouring state highways, is 

presented in Figure 1. The latitude and longitude of each sample site is shown in 

Appendix 1. The estimated number of daily vehicle-km travelled (VKT), as a measure 

of urban traffic intensity at each site, is presented in Figure 2. 

For each catchment, the percentage of residential, commercial and industrial land area 

which is occupied by roads is 16%, 20% and 20% respectively.  These percentages are 

taken from the Contaminant Loads Model (CLM; Timperley, 2008), and are based 

upon studies of fully developed (urbanised) catchments.  The Paremoremo catchment 

is still substantially rural, so the values obtained using these percentages are likely to 

be an overestimate.  
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2.2 Collection of samples 

Sampling was designed with the aim of capturing the spatial heterogeneity of sediment 

deposited in the vicinity of the discharge at each site. At each site, 10 samples were 

collected randomly along a transect line ≤100m from the point of discharge, from each 

stormwater catchment. At each of the 10 sample locations along the transect line, the 

surface 1-2cm layer of sediments was scraped using a scoop, and sediments were 

stored wet in labelled plastic bags until return to the laboratory. Samples were stored 

at -20oC prior to sediment processing and subsequent contaminant analysis. The 

approximate location of the sampled transect line is shown for each site in Figure 3 to 

Figure 7.   

 

 

Figure 1 Map of Auckland region showing the location of the five sampling sites (red circles) 
and their proximity to neighbouring state highways  

Newmarket Catchment  

Motions Catchment  

Onehunga Catchment  

Paremoremo Catchment  

Puhinui Catchment  
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Figure 2 Estimates of number of vehicles travelling (Vehicle-Km Travelled; VKT) in the 
stormwater catchment only, illustrating urban traffic intensity at each of the five 
catchments studied. Data provided by NZTA (Greig, 2008).   

 

2.2.1 Motions catchment (Meola Road; SH16) 

The Motions Creek sampling site (Figure 3) is located 1.5 km downstream of a major 

stormwater culvert (2.5x2.5 m) that conveys stormwater from SH16 up to ‘Spaghetti 

Junction’. The site would also be impacted from numerous other smaller stormwater 

inputs from the surrounding residential area (Westmere).   

2.2.2 Newmarket catchment (Shore Road; SH1) 

The Newmarket stream sampling site (Figure 4a) is located 10m downstream of a 

major stormwater culvert located near Ayr Street, close to the roundabout with 

Brighton Road and Shore Road. The culvert conveys stormwater from the catchment 

(Figure 4b) including a section of SH1 in the Khyber Pass area. Sampling continued at 

~10m intervals downstream to another culvert under Brighton Road. The land-use in 

the catchment is largely commercial (Newmarket Broadway) with recent residential 

infilling as flats and apartments. The sampling site would be impacted from 

stormwater inputs from the surrounding commercial and residential areas 

(Newmarket, Broadway Park, Ayr Reserve) including arterial roads. 
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Figure 3 Aerial view of Meola Road sampling site. Numbers show position of each of the 10 
samples collected. Photo from http://www.googleearth.com . 

  

 

1 

6 

9 3 
8 

2 

5 7 

10 

4 

1

6

9
38 2

57

10

4

1

6

9
38 2

57

10

4



 
 
 

 
 
 
 
Sampling receiving environments close to State Highways 6  

 

 

Figure 4a Aerial view of Shore Road sampling site. Numbers show position of each of the 10 
samples collected. Photo from http://www.googleearth.com . 

 

 

Figure 4b Photo of Shore Road sampling site, showing mouth of culvert. Photo NIWA. 
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2.2.3 Onehunga catchment (Captain Springs Road; SH1) 

The Onehunga sampling site is located downstream of a very large stormwater culvert 

(Figure 5a; black dot) along the waterfront of the Manukau harbour and located east of 

Alfred Street (located bottom left of Figure 5a). The culvert conveys stormwater from 

the Onehunga catchment including a section of SH1 near Mt Wellington. Sampling 

was conducted randomly along a 100m transect (Figures 5b -5d). The land-use in the 

catchment is a mix of commercial (Church Street, Onehunga area), industrial and a 

mix of old and new residential. The sampling site would be impacted from stormwater 

inputs from the surrounding industrial, commercial and residential areas (e.g., Te 

Papapa, Onehunga, Penrose, Oranga and Ellerslie), including arterial roads. 

  

 

Figure 5a Aerial view of Onehunga sampling site. Photo from http://www.googleearth.com . 
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Figure 5b Photo of Onehunga site from the culvert showing mouth of pipe and the receiving 
environment of the Manukau Harbour. Photo NIWA.    

 

Figure 5c Photo of Onehunga sampling site showing mouth of pipe and the receiving 
environment of the Manukau Harbour. Numbers show position of each of the 10 
samples collected, only sites 1-4 shown here. Photo NIWA.  
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Figure 5d Photo of Onehunga sampling site showing mouth of pipe and the receiving 
environment of the Manukau Harbour. Numbers show position of each of the 10 
samples collected, only sites 5-10 shown here. Photo NIWA.   

 

 

2.2.4 Paremoremo catchment (Vinewood Drive; SH17) 

The Paremoremo sampling site (Figures 6a & 6b) is located in a stormwater catchment 

comprising of residential areas, recreational spaces, rural areas, Massey University 

campus, commercial areas, several busy arterial roads and a section of SH17. Samples 

were collected downstream of Wilfred Pannill Park on the intertidal mudflats of Lucas 

Creek. 
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Figure 6a Aerial view of Paremoremo sampling site. Numbers show position of each of the 10 
samples collected. Photo from http://www.googleearth.com . 

 

 

Figure 6b Photo of sample 1 at Paremoremo. Photo NIWA. 
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2.2.5 Puhinui catchment (Price Road; SH20) 

The sampling site is located in the Puhinui stream that flows around the quarry 

(Figures 7a & 7b). The catchment is largely a mixture of land uses, for example, 

industrial, commercial, dairying, recreational areas, some residential and various 

arterial roads including SH20. 

 

 

 

 

 

 

 

Figure 7a Aerial view of Puhinui sampling site. Numbers show position of samples collected. 
Photo from http://www.googleearth.com . 

 

 

 

 

 

 

Figure 7b Photo of Puhinui sampling site (sites  9 and 10). Photo NIWA. 
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2.3 Sample processing 

Sediments were stored at -20°C prior to processing. After thawing, each sample was 

homogenised, and two sub-samples were taken. One set of sediment sub-samples were 

immediately re-frozen, freeze-dried and sent to Hill Laboratories (Hamilton) for the 

analysis of PAHs (including the smoke marker compound retene), TPH and selected 

hopanes. The second set of sub-samples was wet-sieved to three particle sizes: 200-63 

µm, 63-25 µm and <25 µm, then dried at 60°C until constant weight. The dried 

sediment was ground, and 1g (±0.001g) sent to Hill Laboratories (Hamilton) for 

analysis of total metals (including zinc and copper) using digestion method US EPA 

200.2 and analysed by ICP-MS using method APHA 3125B.  

2.4 Hypothesis: Contaminants in State Highway Runoff 

The aim of the sediment sampling was to quantify the contribution of stormwater 

contaminants from State Highways to receiving environments. To achieve this aim, 

NIWA implemented a newly developed approach that can be used to estimate the 

proportion of contaminants attributable to highway runoff. This research was 

undertaken by Reed (2008), and Ahrens and Depree (2007), who examined 

contaminants (metals and PAHs, respectively) from State Highway runoff that had 

been deposited in a nearby stormwater retention tank. The retention tank studied was 

located on Grafton Road near State Highway 1, and had the distinctive feature of 

trapping sediments only from the surface of the new motorway, with all other 

contaminant sources excluded (Figure 8). As a consequence, the Grafton Road 

sediment contaminant concentrations and ratios provided a way of estimating the 

proportion of contaminants in receiving environment sediments that are attributable to 

modern State Highway runoff from highly trafficked streets.  

In the present study, the current sampling sites are compared to the previous Grafton 

Road results (Reed, 2008), which are used as the ‘typical’ NZ contaminant signature’ 

from State Highways, having ‘high’ traffic volumes (>10,000 VKTs per day) to which 

this project’s sampling sites are compared to. A fundamental research question, 

therefore, is as follows: 

Are metal ratios and concentrations and PAH fingerprints, in sediments sampled 

close to discharge points in catchments with State Highways (with high VKTs), 

similar to contaminant ratios and concentrations from Grafton Road sediments?  

In a nutshell, similar contaminant ratios are indicative that State Highway runoff is a 

major source of those particular contaminants in catchment sediments. If the ratios are 

significantly different between State Highway runoff and catchment sediments, then 
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this indicates that a source other than State Highway runoff is a major environmental 

contributor of those contaminants indicating that another source is contributing 

disproportionately greater amounts of copper or zinc, yielding a higher or lower Zn:Cu 

ratio, respectively. While not quantitative, the Zn:Cu ratio provides a qualitative 

assessment tool for determining whether copper and zinc in receiving environment 

sediments are consistent with road runoff particulates being the major source.  

  

 

 

 

Figure 8 Photos of Grafton Road retention tank nearby State Highway 1. Photograph A shows 
the position of the tank close to the state highway, and shows sample locations within 
the retention tank. Photo B shows an inside view of the first chamber which 
concentrates the coarse material, and photo C shows the main tank looking towards 
the forebay and inlet. Photos NIWA 2007. 
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2.5 Source information: Understanding the Zn:Cu ratio in sediments 

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

Photograph A shows the position of the tank close to the state highway and sampling 

locations within the retention tank. Photo B shows an inside view of the inlet chamber, 

which concentrates the coarse material, and photo C shows the main tank. Total zinc 

and total copper concentrations have been measured in sediments at each site in Photo 

A (in three particle sizes: 200-63 µm, 63-25 µm and <25 µm) and the ratio of Zn:Cu 

calculated. These values are used to describe metal concentrations and ratios in 

sediments collected from only State Highways with high VKTs.   

In this study, total zinc and total copper are measured in sediments at each sampled 

site and are compared to the above Grafton Road sediments. Using results shown in 

Figure 9 for Grafton Road, the ratio of Zn:Cu is compared to each of the 5 sampled 

stormwater catchments and the source of State Highway runoff assessed to help 

answer the research question in section 2.4 above. For example, in the case where 

Zn:Cu ratio differs from 6 (in the mud fraction), this may suggest the presence of other 

contaminating sources (without excluding the effect of State Highway runoff). The 

potential source of any other contaminants (other than from State Highway runoff) is 

discussed using land use data (data which includes percentage of area occupied by 

urban i.e. residential, industrial, or commercial, and/or highways) in section 3.3. This 

will also help answer our research question. 
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Figure 9 Grafton Road stormwater retention tank sediment analysis: zinc (Zn) to copper (Cu) 
ratios across the retention tank compartments for three sediment size fractions – sand 
(200-63µm), silt (63-25 µm) and mud (<25 µm).   
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2.6 Determining the contribution of road runoff to sediment PAHs 

The term ‘modern’ road runoff is used to differentiate from historic road runoff that 

has been found to contain considerably higher concentrations (i.e. up to 100-times) of 

PAHs because of the practice of using coal tar binders in road construction. 

Accordingly, using the ratio of a suitable road runoff ‘marker’ compounds (namely, 

hopanes) with PAH contaminants, it is possible to estimate the proportion of PAHs in 

catchment sediments attributable to inputs of road runoff particulates. It is important 

to emphasise that this method cannot differentiate between highway and non-highway 

runoff since the differentiation between these roads is state vs. local government 

management. However, if the relative contribution of state highway runoff to total 

runoff into a catchment is known, then this can be used to estimate the percentage of 

sediment PAHs from runoff from state highways. For example, if 80% of the PAHs in 

catchment sediments were from modern runoff particulates, and if state highway 

runoff makes up 25% of the stormwater inputs into the receiving environment, then 

25% of 80% equates to 20% of PAHs in catchment sediments being due to state 

highway inputs.    
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3. Results and Discussion 

3.1 Heavy metal sediment concentrations by catchment 

This section describes the metal concentrations and ratios in sediments at the sites 

sampled at the 5 catchments. Zinc and copper concentrations were measured in the 

mud (<25 µm), silt (25-63 µm) and fine sand (63-200 µm) size fractions. Background 

concentrations of zinc and copper in natural soils in the Auckland region, that is non-

volcanic and volcanic soils, are also shown in the figures (see ARC, 2001; TP153). 

3.1.1 Motions 

Metal concentrations  

The sediment concentrations of zinc and copper for the 3 particle size fractions are 

shown in Figure 10 and Figure 11, respectively. The median concentration of zinc in 

the sand, silt and mud fractions was 320, 445 and 350 mg kg-1, respectively. The same 

trend was observed for copper, with the median concentration for sand, silt and mud 

fractions being 87, 110 and 80 mg kg-1, respectively.  
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Figure 10 Zinc concentration (mg kg-1) in sediments from Motions catchment across all three 
sediment types (sand, silt and mud) showing median value, 10% and 90% percentiles. 
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Figure 11 Copper concentration (mg kg-1) in sediments from Motions catchment across all three 
sediment types (sand, silt and mud) showing median value, 10% and 90% percentiles. 

Zinc:Copper (Zn:Cu) ratios 

The zinc to copper ratio (Zn:Cu) in the Motions catchment was constant across the 3 

different particle size fractions at the 10 sampled sites, with median Zn:Cu ratios of 

4.0, 4.0 and 4.1 for the mud, silt and sand sized fractions, respectively (Figure 12-

Figure 13).  

All three sediment types show high concentrations in both zinc and copper (Figure 10 

and Figure 11, respectively). The Zn:Cu ratio remains relatively constant across 

locations sampled along the transect from site 4 to site 10, suggesting no spatial 

heterogeneity in metal contamination along the transect sampled outside the point of 

immediate discharge (i.e., sites 1-3) (Figure 13).  

The Zn:Cu ratio in sediments sampled from this catchment was ~4. This value differs 

from that of the Grafton SWTD road runoff sediment where the Zn:Cu was found to 

be ca. 6 (refer to Figure 9), although it was noted that, in the inlet bay, the silt fraction 

of the Grafton SWTD sediment was closer to 4. The ratio of Zn:Cu in sediments 

sampled in the Motions catchment is lower than expected. This may be due to other 

factors, for example, an additional source of copper in the catchment other than from 

State Highway-only runoff and different chemical fate and behaviour processes from 

the Grafton Road study.   
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The latter study typically involved only sedimentation and contaminants binding to 

road-derived material rather than contaminants moving from source to the discharge 

point where potentially large amounts of clean sediment (from stream bank erosion) 

are used to bind dissolved metals to dissolved organic carbon (DOC), or where 

suspended sediments are entrapped, or where particulate metals are taken up by plants 

or aquatic animals. Implications regarding sources of heavy metals are discussed in 

more detail in section 3.3.  
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Figure 12 Ratio of zinc (Zn) to copper (Cu) in sediments from Motions catchment across all 
three sediment types (sand, silt and mud) showing median value, 10% and 90% 
percentiles. 
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Figure 13 Variation in zinc to copper ratio across transect locations 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 copper for the 3 particle size fractions are 

shown in Figure 14 and Figure 15, respectively. The median concentration of zinc in 

the sand, silt and mud fractions was 320, 750 and 700 mg kg-1, respectively. A similar 

trend was observed for copper; with the median concentration for sand, silt and mud 

fractions being 115, 225 and 210 mg kg-1, respectively. 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) in the Newmarket catchment 

remains relatively constant across sediments types, with a Zn:Cu ratio of 2.8 in the 

sand to 3.2 in the silt, and 3.5 in the mud section of the sediments sampled (Figure 

16).  
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Figure 14 Zinc concentration (mg kg-1) in sediments from Newmarket catchment across all 
sediment types (sand, silt and mud) showing median, 10% and 90% percentiles.    
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Figure 15 Copper concentration (mg kg-1) in sediments from Newmarket catchment across all 
three sediment types (sand, silt and mud) showing median value, 10% and 90% 
percentiles.   

 

All three sediment types show high concentrations of both zinc and copper, relative to 

the other sites sampled in this study. Examination of the relationship between zinc and 

copper concentrations reveals a similar pattern in the variation of both zinc and copper 

in the silt and mud sections of the sediment (Figure 16). The Zn:Cu ratio remains 

constant across locations sampled along the transect from site 1 to site 10, suggesting 

no spatial heterogeneity in metal contamination along the transect sampled from the 

point of discharge (Figure 17).  

The Newmarket Zn:Cu ratio of ca. 3 was half that observed for the Grafton Road 

SWTD runoff sediment. Similar to Motions, this indicates that there is either more 

copper than zinc in sediments or just less zinc in sediments from Newmarket than 

Grafton Road. Potential sources of copper include residential pipes, building material, 

pesticides, and possibly the sewage network. Implications 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 Newmarket catchment across all sediment 
types (sand, silt and mud) showing median, 10% and 90% percentiles.   
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Figure 17 Variation in zinc to copper ratio across transect locations sampled in Newmarket 
catchment 

3.1.3 Onehunga 

Sediment concentrations of zinc and copper 

The sediment concentrations of zinc and copper for the 3 particle size fractions are 

shown in Figure 18 and Figure 19, respectively. The median concentration of zinc in 



 
 
 

 
 
 
 
Sampling receiving environments close to State Highways 22  

 

the sand, silt and mud fractions was 160, 140 and 170 mg kg-1, respectively. A similar 

trend was observed for copper; with the median concentration for sand, silt and mud 

fractions being 26, 22 and 28 mg kg-1, respectively. 

All three sediment types show relatively low concentrations of both zinc and copper, 

and concentrations of zinc and copper are similar in all three particle size fractions of 

the sediments (Figure 18 & Figure 19, respectively). The results show that there are 

lower zinc and copper concentrations in sediments from the Onehunga catchment 

compared to the other catchments studied. 
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Figure 18 Zinc concentration (mg kg-1) in sediments from of Onehunga catchment across all 
three sediment types (sand, silt and mud) showing median value, 10% and 90% 
percentiles. 
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Figure 19 Copper concentration (mg kg-1) in sediments from Onehunga catchment across all 
three sediment types (sand, silt and mud) showing median value, 10% and 90% 
percentiles. 

Zinc:Copper (Zn:Cu) sediment ratios 

The median value of zinc to copper ratio (Zn:Cu) in the Onehunga catchment remains 

constant across sediments types, with a Zn:Cu ratio of 6.23 in the mud, 6.51 in the silt 

and 6.40 in the sand fraction of the sediments sampled (Figure 20).  

The Zn:Cu ratio remains constant across locations sampled along the transect from site 

1 to site 10, suggesting no spatial heterogeneity in metal contamination along the 

transect sampled from the point of discharge (Figure 21). This may be in response to 

the discharge being well-mixed and sediments having similar depositional 

characteristics. 

The ratio of Zn:Cu was around 6 in sediments sampled from this catchment. This ratio 

matches that of the Grafton Road hypothesis, suggesting that the state highway runoff 

in the Onehunga catchment is a potentially significant source of the metal 

contamination found in the sediments. Implications regarding 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 from Onehunga catchment across all 
three sediment types (sand, silt and mud) showing median value, 10% and 90% 
percentiles. 
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Figure 21 Variation in zinc to copper ratio across transect locations sampled in Onehunga 
catchment 
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3.1.4 Paremoremo 

The sediment concentrations of zinc and copper for the 3 particle size fractions are 

shown in Figure 22 and Figure 23, respectively. The median concentration of zinc in 

the sand, silt and mud fractions was 110, 130 and 120 mg kg-1, respectively. A similar 

trend was observed for copper; with the median concentration for sand, silt and mud 

fractions being 22, 24 and 21 mg kg-1, respectively. All three sediment types show 

relatively low concentrations of both zinc and copper, and concentrations of zinc and 

copper are both similar in all three fractions of the sediments (Figure 22 & Figure 23, 

respectively).  

Zinc:Copper (Zn:Cu) sediment ratios 

The median value of zinc to copper ratio (Zn:Cu) in the Paremoremo catchment 

remains constant across sediments types, with a Zn:Cu ratio of 5.10 in the sand to 5.40 

in the silt, and 5.68 in the mud section of the sediments sampled (Figure 24).  

The Zn:Cu ratio remained constant across locations sampled along the transect from 

site 1 to site 10, suggesting no spatial heterogeneity in metal contamination along the 

transect sampled from the point of discharge (Figure 25).  
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Figure 22 Zinc concentration (mg kg-1) in sediments from Paremoremo catchment across all 
three sediment types (sand, silt and mud) showing median value, 10% and 90% 
percentiles 
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Figure 23 Copper concentration (mg kg-1) in sediments from Paremoremo catchment across all 
three sediment types (sand, silt and mud) showing median value, 10% and 90% 
percentiles 
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Figure 24 Ratio of zinc (Zn) to copper (Cu) in sediments from Paremoremo catchment across all 
three sediment types (sand, silt and mud) showing median value, 10% and 90% 
percentiles 
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Figure 25 Variation in zinc to copper ratio across transect locations sampled in Paremoremo 
catchment 

The ratio of Zn:Cu was 5.5 in sediments sampled from this catchment. This ratio is 

close to that of the Grafton Gully SWTD runoff sediments. This indicates that the 

neighbouring state highway 17 may affect metal contaminants ratios in the catchment. 

Implications regarding sources of heavy metals are discussed in more detail in Section 

3.3.     

However, examination of the land use reveals that 96% of the land area in 

Paremoremo is urban, while the remaining 4% is occupied by State Highways 

(Fig.12). Estimates of daily traffic intensity suggest a mean value of 427,273 vehicles 

km travelling (VKTs) each day on State Highway 17 in the Paremoremo catchment 

(Fig.2). Within the urban area, 61% of the land is occupied by residential area, while 

31% is industrial and 4% is commercial (Fig.12). Zinc loads from residential (i.e., 

roofs and roads) and industrial (i.e., from roofs) areas 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 copper for the 3 particle size fractions are 

shown in Figure 26 and Figure 27, respectively. The median concentration of zinc in 

the sand, silt and mud fractions was 230, 650 and 610 mg kg-1, respectively. A similar 

trend was observed for copper; with the median concentration for sand, silt and mud 
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fractions being 10, 35 and 36 mg kg-1, respectively. Concentrations of both zinc and 

copper are significantly higher in the silt and mud fractions of the sediments (Figure 

26 & Figure 27, respectively).  

Zinc:Copper (Zn:Cu) sediment ratios 

The median value of zinc to copper ratio (Zn:Cu) in the Puhinui catchment remains 

constant across sediments types, with a Zn:Cu ratio of 19.87 in the silt, 20.00 in the 

sand, and 20.71 in the mud section of the sediments sampled (Figure 28).  

The Zn:Cu ratio remains constant across most locations sampled along the transect 

from site 1 to site 10. In one sampled location (location 6), the Zn:Cu ratio increased 

significantly, suggesting high spatial variability of Zn levels in local volcanic soils. 

The remaining samples showed similar Zn:Cu ratios, suggesting no spatial 

heterogeneity in metal contamination along the transect sampled from the point of 

discharge (Figure 29).  

 

0

200

400

600

800

1000

1200

1400

200-63um
(sand)

63-25um
(silt)

<25um
(mud)

Non-
volcanic

Volcanic
Soils

Zn
 c

on
ce

nt
ra

tio
n 

 (m
g 

kg
-1

)

Key

90%

50%

10%

 

Figure 26 Zinc concentration (mg kg-1) in sediments from Puhinui across all three sediment 
types (sand, silt and mud) showing median value, 10% and 90% percentiles 
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Figure 27 Copper concentration (mg kg-1) in sediments from Puhinui across all three sediment 
types (sand, silt and mud) showing median value, 10% and 90% percentiles 
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Figure 28 Ratio of zinc (Zn) to copper (Cu) in sediments from Puhinui catchment across all three 
sediment types (sand, silt and mud) showing median value, 10% and 90% percentiles  
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Figure 29 Variation in zinc to copper ratio across transect locations sampled in Puhinui 
catchment 

Results show that sediments contained very high concentrations of zinc in the Puhinui 

catchment, containing up to ca. 1000 mg kg-1. In contrast, copper concentrations were 

relatively low, with median values around 27-36 mg kg-1. The ratio of Zn:Cu was 20 

in sediments sampled from this catchment. This ratio is three to four-fold higher than 

in any of the other sample sites, and differs markedly from the Grafton Road study. 

The high values found for zinc concentration in the Puhinui catchment indicate that 

zinc levels are responsible for the high Zn:Cu ratio values. This is supported by 

organic contaminant analyses, which showed the Puhinui sediments contained very 

low levels of PAHs and TPH, which were in fact consistent with levels in 

Paremoremo. Therefore, assuming similar sources, it is reasonable to expect that 

Puhinui sediments would contain comparable concentrations of zinc and copper – 

which for Paremoremo were ca. 120 mg kg-1 and 22 mg kg-1, respectively – however, 

the median zinc concentration in Puhinui sediments was ca. 5-times higher (ca. 600 

mg kg-1) than this. This strongly suggests there is a major source other than road 

runoff contributing to sediment zinc concentrations in the Puhinui catchment. The 

Puhinui catchment contains soil derived from volcanic origin (basalt), which may 

contribute to the high levels of zinc in the area. An estimated median concentration of 

zinc in volcanic soils was calculated by Auckland regional Council (1991) to be 

approximately 1,000  mg kg-1. 
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3.2 Metals: Comparison of catchments 

Results of this study show high zinc concentrations in sediments in Newmarket (SH1), 

Puhinui (SH20) and Motions (SH16) catchments (Figure 30) and high copper 

concentrations in sediments in Newmarket and Motions (Figure 31). Sediment zinc 

concentrations ranged from ca. 100 mg kg-1 in Paremoremo up to ca. 700 mg kg-1 in 

Newmarket, and the copper concentration ranged from 25 mg kg-1 in Paremoremo up 

to ca. 225 mg kg-1 in Newmarket. Typical background concentrations of zinc and 

copper in soils (non-volcanic) are 35 and 7 mg kg-1, respectively. 

The Australia and New Zealand Environment and Conservation Council Interim 

Sediment Quality Guideline (ANZECC ISQG) values (ANZECC, 2000) are used to 

assess the degree of potential hazard posed by contaminated sediments. The ANZECC 

ISQG values are the most appropriate criteria to apply to this study as they are 

concerned with the biological responses of organisms to contaminants. The guidelines 

contain two concentrations, the ISQG-Low concentration (or trigger value) and the 

ISQG-High concentration. The trigger value is a threshold concentration below which 

the frequency of adverse biological effects is expected to be very low. The ISQG-High 

concentration is intended to represent a concentration above which biological effects 

are expected to occur more frequently. 
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Figure 30 Median zinc concentrations in sediments (<200µm sediment size fraction) sampled 
from 5 Auckland catchments and at Grafton Road. Green line is ANZECC ISQG-low 
(200 mg kg-1) and red line is ANZECC ISQG-High (410 mg kg-1). 
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Figure 31 Median copper concentrations in sediments sampled from 5 Auckland catchments and 
at Grafton Road. Green line is ANZECC ISQG-low (65 mg kg-1) and red line is 
ANZECC ISQG-High (270 mg kg-1). 

3.3 Estimating heavy metal sources from Zn:Cu ratio  

3.3.1 Comparison of all catchments 

Figure 32 shows average Zn:Cu ratio for the 5 catchments and Grafton Gully. Using 

the Grafton Gully Zn:Cu ratio as the basis of testing our research question, we can 

tentatively conclude that Grafton Gully runoff inputs are consistent with being the 

major input in Paremoremo and Onehunga sediments [ie. within the dashed rectangle 

which represents the State Highway runoff signature (ie. Zn:Cu ratio of ca. 6)  from 

the Grafton Gully study; Reed (2008)] although a comparison with land-use 

information will aid this interpretation. The observation of significantly different 

ratios at Motions, Newmarket (lower) and Puhinui (higher) indicates there are other 

major ‘non-State Highway runoff’ sources contributing to sediment contaminant 

loading.  
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Figure 32 Summary of Zn:Cu ratios for the five study catchments (includes Grafton Gully 
SWTD sediment  - orange bar). Note: the ratio for Puhinui is off-scale (actual value is 
ca. 20). Area within the dashed rectangle approximates to the Grafton Zn:Cu ratio of 
ca. 6. 

This is consistent with the findings from the PAH contaminant apportionment results 

discussed in subsequent sections (refer to Figure 58), where road runoff accounted for 

approximately two-thirds of the PAHs in Paremoremo and Onehunga sediments 

(based on Grafton Gully values), but <5% for Newmarket and Motions. The unusual 

result for Puhinui catchment in Figure 32 was also consistent with the PAH 

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

being derived for the road runoff contribution to sediment PAHs.  

Motions Catchment 

High levels of metal contaminants detected in the sediments of the Motions catchment 

reveal additional sources of contamination other than state highway-only runoff.  

Examination of land use in the catchment reveals that 11% of the land is occupied by 

state highways, and the remaining land is urban (comprised of roads, residential areas, 

commercial areas and industrial areas).  Roads occupy 15% of the land, residential 

areas 53%, commercial areas only 1% and industrial areas 20%, as shown in Figure 

33.  Estimates of daily traffic intensity suggest a mean of 478,806 vehicles km 

travelling (VKT) each day on State Highway 16 discharging to the point on Meola 

Road adjacent to the Motions catchment (Figure 2).  
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Figure 33 Summary of land-use in the Motions catchment 

Results show that the Zn:Cu ratios may be primarily influenced by runoff from 

residential and industrial areas. These include the effects of roof-runoff from 

individual houses or industrial lots, and arterial road use in the urban-residential area.  

Projection (using the Contaminant Load Model or CLM) of the future variation in zinc 

load over the century from a number of sources, including roofs and roads, predicts 

that the zinc load originating from roofs will decrease whereas the zinc and copper 

load coming from road runoff will increase (Timperley, 2008).   

Newmarket Catchment 

Examination of land use in the Newmarket catchment reveals that nearly all of the 

land area is urban (roads, residential areas, commercial areas and industrial areas), 

with only 1% occupied by state highways.  Roads occupy 17% of the land, residential 

areas 64%, commercial areas 4% and industrial areas 14% (Figure 34).  Estimates of 

daily traffic intensity suggest a mean value of 444,885 vehicles km travelling (VKT) 

each day on State Highway 1 in the Newmarket catchment (Figure 2).  



 
 
 

 
 
 
 
Sampling receiving environments close to State Highways 35  

 

State 
Highways

1%

Commercial
4%

Industrial
14%

Residential
64%

Roads
17%

 

Figure 34 Summary of land-use in the Newmarket catchment 

Results show that the Zn and Cu in sediments may result largely from the effect of 

residential and industrial runoff. Possible sources include roof-runoff (especially from 

industrial areas) and arterial road use in the urban-residential and urban-industrial 

areas. Busy arterial roads, like Khyber Pass and Broadway, for example, will have a 

marked impact on the metal loads in road runoff because vehicles regularly break and 

accelerate. Research on metal concentrations in road runoff from busy arterial roads is 

being conducted by Moores et al. (2008).  

Projections of zinc loads today and in the future from a number of sources, including 

roofs and roads, suggest that zinc loads will increase over the next century (Timperley, 

2008). This suggests that, while the metal contamination in the Newmarket catchment 

may show an overall decline in the future, the contribution to the contaminant 

concentration by road-runoff is likely to increase, with an increase in urban road use in 

the Newmarket catchment.  

Onehunga catchment 

Sediments sampled from this catchment had a Zn:Cu ratio of 6.  This ratio matches 

that of the Grafton Road SWTD runoff sediment, which suggests that state highway 

runoff in the Onehunga catchment is a potentially significant source of the metal 

contamination found in the sediments. Examination of the land use, however, reveals 

that most of the land area in the Onehunga catchment is urban (roads, residential, 

commercial and industrial), whilst only 1% is occupied by state highways. Arterial 
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roads comprise 17% of the land and many of these roads are 2-3 dual lanes with heavy 

trucks breaking and accelerating causing contaminant release to local roads. 

Residential areas account for 62%, commercial areas 2% and industrial areas 18% 

(Figure 35).  Estimates of daily traffic intensity suggest a mean of 691,419 vehicles 

km travelling (VKT) each day on State Highway 1 in the Onehunga catchment (Figure 

2). 
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Figure 35 Summary of land-use in the Onehunga catchments 

The land use data above suggests that zinc and copper in sediments may result largely 

from the effect of industrial and residential runoff.   

Paremoremo catchment 

The Zn:Cu ratio was 5.5 in sediments sampled from this catchment. This ratio is close 

to that of the Grafton Gully SWTD runoff sediments, indicating that the neighbouring 

State Highway 17 may significantly affect metal contaminants ratios in the catchment. 

Similar to the Onehunga catchment however, land use examination reveals that most 

of the land is urban (roads, residential areas, commercial areas and industrial areas), 

with just 4% occupied by state highways.  Roads comprise 17% of the land, residential 

areas 51%, commercial areas 3% and industrial areas 25% (Figure 36).  Zinc loads 

from residential areas (i.e., from roofs and roads) and industrial areas (i.e., from roofs) 

are likely to markedly influence the effect of state highway runoff.  Estimates of daily 
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traffic intensity suggest a mean of 427,273 vehicles km travelling (VKT) each day on 

State Highway 17 in the Paremoremo catchment (Figure 2).  
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Figure 36 Summary of land-use in the Paremoremo catchments 

Puhinui catchment 

The very high Zn:Cu ratio in Puhinui sediments (caused by 5-fold higher than 

expected concentrations of zinc) strongly suggest that a source other than road runoff 

is responsible for much of the sediment zinc load in the catchment.  Once again the 

majority of land in the catchment is urban (roads, residential areas, commercial areas 

and industrial areas), with just 3% occupied by state highways.  Roads occupy 17% of 

the land, residential areas 45%, commercial areas 6% and industrial areas 29% (Figure 

37).  Estimates of daily traffic intensity suggest a mean of 481,231 vehicles km 

travelling (VKT) each day on State Highway 20 in the Puhinui catchment (Figure 2).  

Zinc and copper concentrations in this catchment may result largely from the effect of 

a combination of factors, including the presence of large amounts of volcanic soil, roof 

and arterial road runoff from residential, commercial and industrial areas, and 

contaminants from state highway runoff. 
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Figure 37 Summary of land-use in the Puhinui catchments 

These results suggest that, while state highway runoff is likely to contribute to the 

contaminant concentrations and ratios in this catchment, it is not the only source and 

the other sources alluded to above are also likely to be major contributors. 

3.4 PAHs and TPH in receiving environment sediments 

3.4.1 Concentrations of PAHs and TPH for each catchment 

The full analytical laboratory report for catchment sediment samples is provided in 

Appendix 1, which includes TPH chromatograms. Unless otherwise specified the 

concentration of PAHs in sediments is the sum of the 16 PAHs listed by the US EPA 

(Environmental Protection Agency) as priority contaminants, namely; naphthalene, 

acenaphthene, acenaphthylene, fluorene, phenanthrene, anthracene, fluoranthene, 

pyrene, benzo[a]anthracene, chrysene, benzo[b]fluoranthene, benzo[k]fluoranthene, 

benzo[a]pyrene, indeno[1,2,3-c,d]pyrene, dibenzo[a,h]anthracene, benzo[g,h,i] 

perylene. 

Motions Catchment 

The concentration of PAHs at the 10 sampling sites ranged from 8.9 mg kg-1 to 162.6  

mg kg-1. The median, lower and upper quartile PAH concentrations were 18.8  mg kg-

1, 10.1  mg kg-1 and 33.0  mg kg-1, respectively (Figure 38). The concentration of 
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PAHs varied 18-fold along the sampling transect, with the highest concentrations 

(sites 2 & 3) being located immediately downstream of Meola Rd. The >100  mg kg-1 

PAH concentrations were considerably higher than the 20-30  mg kg-1  reported for 

Motions Creek sediments (Depree & Ahrens, unpublished) and ca. 10  mg kg-1  at the 

downstream Auckland Regional Council (ARC) sediment monitoring site (Mathieson 

et al., 2002). Depree and Ahrens have estimated that only 4% of the PAHs in Motions 

Estuary are attributable to modern road runoff, with the major source being proposed 

as historic roading coal tar (Depree & Ahrens, 2007).     
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Figure 38 Sediment PAH concentrations for Motions catchment (median shown in orange) 

The concentration of TPH in Motions sediments was less variable, ranging ca. 3-fold 

from 210 mg kg-1 to 670 mg kg-1. The median, lower and upper quartile concentrations 

of TPH were 465 mg kg-1, 358 mg kg-1 and 500 mg kg-1, respectively (Figure 39). The 

dissimilar distribution pattern of TPH and PAHs in Motions sediments indicates either 

different sources, or environmental fate. Compound classes such as alkanes, which 

account for a large proportion of the TPH concentration, are much more easily 

degraded than PAHs – that is, they are less environmentally persistent.    
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Figure 39  Sediment TPH concentrations for Motions catchment (median shown in orange) 

 

Neither PAHs nor TPH showed any trends moving from upstream (#10) to 

downstream (#1) sampling sites, although the sampling transect line was relatively 

short compared to the distance (ca. 1.5 km) to the main stormwater outlet into Motions 

Creek (located just above the outflow from Western Springs, Figure 40). Furthermore, 

Motions Creek has, historically, been exposed to large amounts of point source 

industrial contamination, and the area to the North West of the sampling area used to 

be a landfill (Figure 40). The highest concentrations of PAHs (sites 2 & 3) were 

immediately downstream of discharge from Meola Rd bridge, however, because of the 

relatively low volume of the discharge from these sumps this is unlikely to be the 

reason for the high PAHs sediment concentrations at these two sites.  
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Figure 40 Location of Motions catchment sampling site relative to major stormwater outlet and 
historic landfill (map from MapToaster Topo). Inset photo shows stormwater box 
culvert merging with the outflow from Western Springs. 

Newmarket catchment 

Sediments sampled from Newmarket contained relatively high concentrations of 

PAHs that varied by a factor of ca. 22 across the 10 sampling locations, ranging from 

3.2  mg kg-1  to 68  mg kg-1. The median, lower and upper quartile PAH concentrations 

were 11.7  mg kg-1, 9.2  mg kg-1  and 37.8  mg kg-1, respectively (Figure 41). The 

median concentration of 11.7 mg kg-1  was comparable to the ca. 10  mg kg-1  of PAHs 

reported for sediments sampled further upstream in 2006 by the ARC (Depree & 

Ahrens, 2007). In the same study, the authors estimated that 11% of the PAHs in 

Newmarket sediments were attributable to modern road runoff.   
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Figure 41 Sediment PAH concentrations for Newmarket catchment (median in orange) 

As with the Motions catchment, there was less intra-site variability in the sediment 

concentration of TPH, which ranged from 190  mg kg-1  to 635  mg kg-1  – a 3-fold 

variation compared to the 22-fold observed for PAHs. The median, lower and upper 

quartile TPH concentrations were 407 mg kg-1, 350 mg kg-1 and 535 mg kg-1, 

respectively (Figure 42).    
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Figure 42 Sediment TPH concentrations for Newmarket catchment (median in orange) 

Because the stormwater connectivity, in relation to the sampling area, is not clear, it is 

difficult to draw any conclusions regarding the presence or absence of any 

concentration trends. However, assuming the major input of road runoff is upstream of 
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site 1, there was no decreasing trend in sediment contaminant concentrations with 

distance from the source. This is perhaps not unexpected given the relatively short 

length of sampling section (ca. 100 m). 

Onehunga catchment 

In contrast to the Motions and Newmarket catchments, the sediment PAH 

concentrations were ca. 100-times lower at Onehunga, ranging from <0.1  mg kg-1  to 

1.0  mg kg-1. The median, lower and upper quartile PAH concentrations were 0.30  mg 

kg-1, 0.13  mg kg-1  and 0.35  mg kg-1, respectively (Figure 43). The median PAH 

concentration was comparable to ARC sediment monitoring sites at Pakuranga (0.43  

mg kg-1), Mangere (0.40  mg kg-1), Pukaki (0.22  mg kg-1), Weiti (0.21  mg kg-1) and 

Cheltenham (0.19  mg kg-1) – 2001  data (Mathieson et al., 2002).     
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Figure 43 Sediment PAH concentrations for Onehunga catchment (median in orange) 

The median concentration of TPH was lower than Motions and Newmarket 

catchments by a factor of 6-7. The concentrations ranged from below detection limit 

(ND) to 250 mg kg-1. The median and upper quartile TPH concentrations were ca. 70  

mg kg-1 and 120 mg kg-1, respectively (Figure 44) – the lower quartile concentration 

was less than the method detection limit of ca. 30  mg kg-1. 

The Onehunga sampling area was a simple ‘end of pipe’ discharge and therefore a 

dilution gradient was expected over the ca. 100 m long sampling transect. Referring to 

the sampling site (Figure 5b), the sites can be divided into three groups: ‘near’ sites 1-

4 were near the pipe exit; ‘mid’ sites 5-7 were mid-ground; and ‘far’ sites 8-10 were 
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located the furthest from the point of discharge. The mean concentration of PAHs for 

the ‘near’, ‘mid’ and ‘far’ groups was 0.50  mg kg-1, 0.27  mg kg-1  and 0.08  mg kg-1, 

respectively. A similar decreasing trend was observed for TPH with mean 

concentrations of 135 mg kg-1, 78 mg kg-1  and ‘not detected’ for the ‘near’, ‘mid’ and 

‘far’ sites, respectively.         
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Figure 44 Sediment TPH concentrations for Onehunga catchment (median in orange) 

Paremoremo catchment 

Like Onehunga, sediments analysed from the Paremoremo catchment contained very 

low levels of PAHs, ranging from <0.1  mg kg-1  to 0.28  mg kg-1. The median, lower 

and upper quartile PAH concentrations were 0.19  mg kg-1, 0.15  mg kg-1  and 0.24  

mg kg-1, respectively (Figure 45). With the exception of sites 1 and 2, the sediment 

concentrations of PAHs along the transect were very similar, differing by only a factor 

of 2 (i.e. 0.14-0.28 mg kg-1). The median concentration of 0.19  mg kg-1 of PAHs was 

ca. 3-times lower than the Paremoremo ARC sediment monitoring site, which for the 

years 1998, 1999 and 2001 had respective PAHs concentrations of 0.66  mg kg-1, 0.59  

mg kg-1  and 0.61  mg kg-1 (Mathieson et al., 2002).     

With the exception of site 1, the concentration of TPH in sediments was very constant 

along the sampling transect line, ranging from 50-114 mg kg-1. The reason for the 3-

times higher concentration at site 1 (307  mg kg-1) is unclear, especially since this site 

corresponding to the lowest concentration of PAHs – only 0.04  mg kg-1. The median, 

lower and upper quartile TPH concentrations were 103  mg kg-1, 91  mg kg-1  and 113  

mg kg-1, respectively (Figure 46). 
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As indicated for Newmarket, in the absence of a good understanding of the stormwater 

connectivity relative to the sampling area, it is difficult to draw any conclusions 

regarding the fate or dilution of contaminants relative to distance from the discharge 

point.          
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Figure 45 Sediment PAH concentrations for Paremoremo catchment (median in orange) 
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Figure 46 Sediment TPH concentrations for Paremoremo catchment (median in orange) 
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Puhinui catchment 

Sediments from the Puhinui catchment contained the lowest concentrations of PAHs, 

ranging from 0.01 mg kg-1 to 0.24 mg kg-1. Excluding site 6, the concentrations of 

PAHs were relatively constant between sites closest and furthest from the stormwater 

discharge point (sites 1 and 10, respectively – refer to Figure 7a), varying only by a 

factor of 2-3. The median, lower and upper quartile PAH concentrations were 0.13  

mg kg-1, 0.10  mg kg-1  and 0.21  mg kg-1, respectively (Figure 47). Puhinui catchment 

is one of the 27 ARC estuarine sediment monitoring sites – previous concentrations of 

0.15-0.21 mg kg-1 are consistent with the median and range of concentrations reported 

in Figure 47 (Mathieson et al. 2002).  

 

Puhinui - PAHs

0.
24

0.
08 0.

11

0.
11 0.

14

0.
01

0.
22 0.
24

0.
17

0.
10 0.

13

0.0

0.1

0.2

0.3

0.4

1 2 3 4 5 6 7 8 9 10

m
ed

ian

site number

P
A

H
 c

on
c 

( µµ µµ
g/

g)

 

Figure 47 Sediment PAH concentrations for Puhinui catchment (median in orange) 

The concentrations of TPH were highly variable, ranging from below detection limit 

to 500 mg kg-1. The median and upper quartile concentrations were 71 mg kg-1 and 

158 mg kg-1, respectively (Figure 48) – the low quartile concentration was below the 

detection limit. The relatively high TPH concentration at site 7 did not correspond to 

an increased concentration of PAHs (Figure 47). Neither the PAH nor the TPH 

concentrations showed a decreasing trend between sites 1 and 10, although this is 

expected given the relatively short distance between sites 1-10 compared to the 

distance from the main stormwater discharge pipe.         
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Figure 48 Sediment TPH concentrations for Puhinui catchment (median in orange) 

 

3.4.2 Comparison of catchments: PAHs and TPH 

Polycyclic aromatic hydrocarbons (PAHs) 

The median sediment PAH concentrations for each of the five catchments ranged from 

0.13 mg kg-1 for Puhinui, to 18.8 mg kg-1 for Motions (Figure 49). The five 

catchments fell into 2 distinct groups, those with elevated PAH concentrations (i.e. 

>10 mg kg-1), namely Motions and Newmarket; and those with very low levels (i.e. <1  

mg kg-1), namely Onehunga, Paremoremo and Puhinui. Individual sediment PAH 

concentrations along the transect line at Onehunga, Paremoremo and Puhinui were 

reasonably constant, but there was considerable variation in concentrations at Motions 

and Newmarket. (evident from the large inter-quartile ranges; Figure 49).  
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Figure 49 Median (n=10) concentrations of sediment PAH concentrations for each the five 
catchments. The ‘error bars’ represent upper and lower quartile concentrations. Inset 
shows detail of the 3 catchments containing low PAH concentrations (<1 mg kg-1) 

    

To provide some context for the PAH concentrations presented in Figure 49, the PAH 

data for the 2001 ARC sediment monitoring programme (27 sites) are summarised in 

Figure 50 (Mathieson et al., 2002). Relative to the monitoring sites of Auckland 

urbanised estuaries, the concentrations of sediment PAHs reported in this study (i.e. 

Figure 49) were regarded as very high for Motions and Newmarket, and low for 

Onehunga, Paremoremo and Puhinui catchments. Sediments from reference or pristine 

catchments contained <0.03 mg kg-1 of PAHs. 
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Figure 50 PAH concentrations (2001) for the 27 ARC sediment monitoring sites (Mathieson et 
al. 2002). 

Total petroleum hydrocarbons (TPH) 

The median sediment concentrations of TPH showed a similar trend to PAHs (Figure 

51) with Motions and Newmarket catchments containing significantly higher 

concentrations (>400  mg kg-1) than Onehunga, Paremoremo and Puhinui catchments 

(<100  mg kg-1). The distribution of TPH in sediments sampled along the transect line 

for each catchment was less varied than for PAHs. The relatively large inter-quartile 

range of TPH for Onehunga and Puhinui catchments (Figure 51) was a function of 

many of the individual sediments having concentrations less than the method detection 

limit.  
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Figure 51 Median (n=10) concentrations of sediment TPH concentrations for each the five 
catchments. The ‘error bars’ represent upper and lower quartile concentrations. 

3.4.3 Comparison with relevant sediment quality guidelines 

The two relevant sediment quality criteria are the ANZECC (2000) quality guidelines 

and ARC’s Environmental Response Criteria (ERC), which are summarised in Table 

1. Based on the ANZECC guidelines for the 16 ‘priority’ PAHs, sediments from 

Motions and Newmarket (Figure 52) have levels of PAHs that exceed the low trigger 

level (or ‘threshold effects level’ – TEL), but are below (75th percentile concentration) 

the high trigger value, which represents the ‘probable effects level’ (PEL). The median 

concentrations of sediments from Onehunga, Paremoremo and Puhinui were more 

than 10-times lower than the ANZECC low trigger value.    

Table 1 Summary of ANZECC (2000) guidelines and ARC’s Environmental Response 
Criteria (ERC) 

Guideline value Sum of 16 EPA ‘priority’ 
PAHs (mg kg -1)  

Sum of 6 high molecular 
weight PAHs (mg kg -1)a 

ANZECC ‘LOW’ 4 1.7 

ANZECC ‘HIGH’ 45 9.6 

ARC ERC ‘RED’ - 1.7 

a Sum of fluoranthene, pyrene, benz[a]anthracene, chrysene, benzo[a]pyrene and dibenz[a,h]anthracene 
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However, based on the sum of the concentration of 6 high molecular weight PAHs 

(abbreviated as Σ6PAH), the median and upper quartile concentrations of Motions and 

Newmarket, respectively, exceed the ANZECC high level (Figure 53). However, it 

must be emphasised that this comparison is based on dry weight concentrations that 

have not been normalised to 1% organic carbon.  
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Figure 52 Comparison of sediment PAHs with ANZECC (2000) sediment quality guidelines 
(sum of 16 US EPA priority PAHs) 
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Figure 53 Comparison of Motions and Newmarket sediment Σ6PAH concentrations with 
guideline values   
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3.4.4 PAH and TPH concentrations in road-derived sediments (RDS) 

In heavily trafficked catchments, road runoff particulate material is generally 

considered to be the major source of sediment PAHs. To provide an indication of 

potential contaminants levels in this ‘source’ material, 11 previously collected 

Auckland and Hamilton road-derived sediments (Depree 2008) were re-analysed 

(<2mm fraction) for PAHs and TPH (refer to Appendix 2 for full laboratory data 

report). The median, lower and upper quartile concentrations of PAHs in the road-

derived sediments (RDS) were 4.6 mg kg-1, 3.9  mg kg-1 and 5.7  mg kg-1, respectively 

(Figure 54). For TPH, the median, lower and upper quartile concentrations were 1300 

mg kg-1, 905  mg kg-1 and 2300  mg kg-1, respectively (Figure 55). 
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Figure 54 Concentration of PAHs in RDS collected from Auckland and Hamilton (descriptions 
of the RDS samples are provided in Depree 2008) 

It is apparent from Figure 54 that RDS, a major source of PAHs in urban sediment, 

contains ca. 5 mg kg-1 of PAHs. The noticeably higher concentration (22  mg kg-1) in 

sample ‘A4SW’ is presumably caused by inputs of coal tar (Depree 2008), which are 

not considered representative of ‘modern’ road runoff since roads are now made 

exclusively from bituminous binders. Assuming that 5 mg kg-1 is representative of the 

PAH concentration in road runoff particulates that are deposited in receiving 

environment sediment, then we can propose the following: 

• modern road runoff cannot account for the level of PAHs in Motions and 

Newmarket sediments; 
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• modern runoff can readily account for the PAHs in sediments from Onehunga, 

Paremoremo and Puhinui catchments. On average the RDS would need to be 

diluted (with clean sediment) by a factor of 15-30 in order to result in the 

observed 0.15-0.30 mg kg-1 concentrations. 

Based on the median concentration of TPH in RDS, a dilution factor of ca. 13-16 

would be needed to produce the 60-100 mg kg-1 of TPH detected in Onehunga, 

Paremoremo and Puhinui sediments. However, less emphasis should be placed on 

TPH comparisons between ‘source’ and ‘sink’ because (i) many TPH components are 

susceptible to rapid degradation and (ii) unlike PAHs, not all sources of TPH are 

anthropogenic – plant wax hydrocarbons can contribute significantly to the TPH total. 

For these reasons more petroleum specific and refractory (environmentally persistent) 

petroleum molecular markers, such as hopanes, are often employed.          
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Figure 55 Concentration of TPH in RDS collected from Auckland and Hamilton (descriptions of 
the RDS samples are provided in Depree 2008) 

3.4.5 Determining the contribution of PAHs in catchment sediments from 

modern road runoff 

Depree and Ahrens (2007) have estimated the contribution of modern road runoff to 

urban stream and estuarine sediments in Auckland. The method used involved 

measuring the concentration of compounds called hopanes which are very stable 

organic compounds present in relatively high concentrations in crude petroleum, and 

concentrated in high-boiling fractions/residues (e.g. bitumen). The hopane quantified 

in this study was C30 17α(H),21β (H)-hopane (structure shown below). 
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Because coal tar and other atmospheric sources are potentially important sources of 

PAHs in receiving environment sediment, the advantage of hopanes is that because 

they are derived from bacterial sterols, they are not present in significant 

concentrations in pyrogenic source materials such as soot and coal tar. Therefore, 

assuming that the only source of hopanes in catchment sediments is derived from road 

runoff, the contribution of road runoff to sediment PAHs can be estimated from the 

hopane:PAH ratio in modern runoff. This in-turn requires that the hopane:PAH ratio 

used is representative of the road runoff particulates being deposited in a particular 

receiving environment. Depree and Ahrens (2007) made use of a single RDS sample 

collected from a Grafton Gully stormwater treatment device (SWTD) – the largest 

stormwater settling tank in NZ. In this study, 11 RDS sediments (including Grafton 

Gully) were included to determine how much variability there was in the hopane:PAH 

ratio in modern RDS. 

Concentration of hopane in catchment sediments and RDS 

Note: hopane concentrations are presented as µg kg-1  

The concentration of hopane in sediments varied by a factor of ca. 3 across the five 

catchments, ranging from 60 µg kg-1 at Paremoremo to 203 µg kg-1 at Motions (Figure 

56). Assuming the hopanes are a proxy for road runoff inputs to sediments, the lower 

variation in hopane concentrations suggests that although PAHs are ca. 100-times 

higher at Motions and Newmarket, the inputs of road runoff particulates may be only 

2-3-times higher at these sites. It is noted, however, that this simple ‘approximation’ 

ignores differences in the relative loads of ‘clean’ diluting sediment being deposited.   

The concentration of hopane in RDS sediments ranged from 90-340 µg kg-1 with 

median, lower and upper quartile concentrations of 1420 µg kg-1, 1170 µg kg-1 and 

1540 µg kg-1 (Figure 57). Based on the median hopane concentration, road runoff 

particulates would need to be diluted (i.e. with clean sediment) by a factor of ca. 7 at 

Motions and Newmarket, and 15-20-fold at Onehunga, Paremoremo and Puhinui.       
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Figure 56 Median concentration of hopane in catchment sediments – ‘error bars’ represent the 
lower and upper quartile concentration (note: units are µg kg-1) 
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Figure 57 Hopane concentrations in road-derived sediments (RDS); median shown in orange 
(note: units are µg kg-1) 

Estimating the contribution of modern road runoff to sediment PAH loadings 

Using the data presented in Figure 57 and Figure 54, hopane:PAH ratios were 

determined for all the individual PAHs. Then because we have assumed that all the 

hopane in the catchment sediments is derived from road runoff, the hopane sediment 

concentration is simply divided by the individual ratios to estimate how much of each 
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PAH in the sediment is attributable to road runoff particulate. The individual 

concentrations are then summed and expressed as a percentage of the total measured 

concentration of PAHs. In contrast to a previous study (Depree & Ahrens, 2007), 

rather than rely on just the Grafton Gully sample as being representative of modern 

runoff particulates, estimations were based on the median ratios from 10 RDS samples 

(sample A4SW was excluded due to suspected coal tar presence).  

The calculated contributions of modern road runoff particulates to the sediment loads 

of PAHs in the five catchments are presented in Figure 58. To give some idea of the 

potential variation, 3 sets of ratios have been used – (i) median from all samples 

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

study (Depree & Ahrens, 2007), (iii) sediment from the Grafton Gully SWTD.  
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Figure 58 Estimated (based on hopane:PAH ratios) contribution of modern road runoff 
particulates to the concentration of PAHs in catchment sediments. Blue bars represent 
‘best’ estimate using hopane:PAH ratio derived from all 10 RDS samples; alternative 
apportionments (orange/grey bars) using hopane:PAH ratios derived from small RDS 
data sets are provided for comparison   

    

Using the ratios for ‘all samples’ the contribution of modern runoff was <5% for 

Motions and Newmarket, meaning that >95% of the PAHs in these sediments are 

attributable to another source – presumably historic (and possible ongoing) inputs of 

coal tar contaminated runoff particulate. For example, in Christchurch, although coal 
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tar has not been used since the early seventies, recently deposited particulate material 

in channels can contain up to 200  mg kg-1  of PAHs caused by ongoing inputs of coal 

tar contaminated soils (Depree et al., 2006).  

Using the ratio for ‘all samples’ (blue bars) the contribution of runoff to sediment 

PAHs was 110%, 99% and 230% for Onehunga, Paremoremo and Puhinui 

catchments,, respectively. Using the single Grafton Gully hopane:PAH ratio, road 

runoff accounted for 70%, 63% and >100% of the sediment PAHs from Onehunga, 

Paremoremo and Puhinui, respectively (orange bars).  

The ca. 100% PAH contribution values obtained for Onehunga and Paremoremo were 

in agreement with conclusions derived from the Zn:Cu ratios – that is that sediment 

concentrations in these catchments are mainly due to road runoff. It is important, 

however, to emphasise that this does not imply state highway runoff, as it not possible 

to differentiate this from inputs from other modern road runoff. For the Motions and 

Newmarket catchments, both the Zn:Cu and hopane:PAH ratios were consistent with 

there being significant inputs from non-road runoff sources. For these two catchments, 

where the proportion of PAHs from runoff was estimated to be <5%, the Zn:Cu ratio 

was ca. 3, compared to the normal road runoff value of ca. 6.   

The Puhinui catchment contains very low levels of PAHs, with many sites 

approaching the method detection limit, which tends to limit the reliability of this type 

of analysis. However, the main point to emphasise is that the results in Figure 58 

indicate that modern road runoff could account for all of the sediment PAHs in this 

catchment.  

It is important to point out that the contaminant apportionments estimated in Figure 58 

only relate to PAHs – they cannot be applied to other contaminants such as copper and 

zinc. Hence, although it is estimated that <5% of PAHs in Motions and Newmarket 

catchment sediments are attributable to modern road runoff, the contribution to heavy 

metals (Cu and Zn) is probably much higher.  

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

‘single ratio approach.’ In Figure 58, the assumption is that the blue bars (‘all samples’ 

i.e. 10 RDS samples) best represent the hopane:PAH ratio present in runoff; however 

this results in road runoff accounting for 230% of PAHs. This implies there is either 

another source of hopanes (possible, as concentrations were 40 and 70% higher than 

Onehunga and Paremoremo, respectively) or the ‘all sample’ ratio is not representative 

of the true hopane:PAH ratio present in Puhinui catchment runoff. If the hopane:PAH 

ratio from Hamilton runoff (4 RDS samples) is used (grey bars, Figure 58), a more 

sensible PAH contribution value of 115% is produced. Irrespective of the correct ratio, 

as mentioned previously, the results show that all the sediment PAHs in the Puhinui 
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catchment are probably coming from modern road runoff. Hence the amount of 

contaminants coming exclusively from state highways will depend on their relative 

contribution to total road runoff in the catchments – estimated values are given in 

Table 2.  

A better method would have been to collect RDS samples (i.e. street sweepings and/or 

sump sediments) from representative highways in each of the five catchments, and 

derive individual hopane:PAH ratios for determining the PAH contribution in each of 

the catchment sediments. Despite the variation in hopane:PAH ratios, the results 

unambiguously showed that at sights where contaminant levels are of concern – 

relative to sediment quality guidelines (i.e. Motions and Newmarket) – modern road 

runoff containing ca. 5 mg kg-1 accounts for only 5% of sediment PAHs. In more 

recently developed catchments, which have not been exposed to historic contaminants 

(i.e. coal tar), modern road runoff is, as expected, a major source of sediment PAHs, 

accounting for between 50-100% of the total. However, in these catchments, the 

absolute concentration of PAHs in the sediments is well below ‘low’ ANZECC trigger 

levels – Onehunga, Paremoremo and Puhinui PAH concentrations were an order-of-

magnitude lower than the threshold effects level (refer to Figure 52). Hence the 

following situations occur: 

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

(ii) modern runoff major source of sediment PAHs ⇒  concentrations well below ‘low 

trigger levels’ (i.e. threshold effects level)  

In either of these situations, it could be argued that treating runoff from a modern 

constructed road (i.e. highway) in the ‘effected’ catchment would have minimal 

environmental benefits with respect to PAHs. In scenario (i) treating runoff from a 

modern road would have little impact on sediment concentrations in the receiving 

environment as this source may be contributing <5% of the total. In scenario (ii) 

treating road runoff may reduce receiving environment loads of PAHs, however, the 

levels are many times lower than threshold effects levels. A summary of the modern 

road runoff contribution to catchment sediment PAHs, and comparison of sediment 

PAH concentrations relative to the threshold effects level (TEL) is presented in Table 

2. 
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Table 2 Summary of estimated contribution of modern road runoff to PAHs in catchment 
sediments, and PAH concentrations relative to the ANZECC ‘LOW’ sediment quality 
guideline value (threshold effects level)   

Catchment Estimated 
contribution of road 
runoff to sediment 

PAHs (%)1 

%of roads in 
catchment 

that are state 
highways 

Sediment [PAH] 
relative to 

ANZECC ‘LOW’ 
guideline (%)   

PAH sediment 
levels of 
concern 

Motions 2-4 40 470 YES 

Newmarket 3-6 5 290 YES 

Onehunga 68-1002 5 7.5 NO 

Paremoremo 61-1002 20 4.8 NO 

Puhinui 1002 15 3.3 NO 

1 Range is based on upper and lower quartile hopane:PAH ratios using all 10 RDS samples (blue bars; 

Figure 58); 2 estimated percent contribution was >100%. 

.   
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4. Conclusions 

4.1 Metals 

Results of this study show high zinc concentrations in sediments in Newmarket (SH1), 

Puhinui (SH20) and Motions (SH16) catchments and high copper concentrations in 

sediments in Newmarket and Motions. Zn:Cu ratios found in this study averaged 

between 3 and 6 in all but one catchment. The highest Zn:Cu ratio found across 

sampled sites was in the Puhinui catchment with a ratio of 20, which represents a three 

to four-folds increase relative to all other catchments studied. Results suggest that the 

unusually high Zn:Cu ratio found in the Puhinui catchment may be explained by the 

combination of natural sources, i.e. a large proportion of volcanic soils in the area, and 

runoff from industrial and commercial buildings, as well as of the neighbouring State 

Highway 20.  

Onehunga catchment showed a Zn:Cu ratio close to that expected for a state highway 

only effect on the stormwater catchment, suggesting that the zinc and copper 

concentrations found in the Onehunga catchment may be markedly influenced by the 

state highway runoff from state highway 1. However, the land-use data indicates other 

urban sources of zinc and copper also make a large contribution to this ratio.  

Newmarket showed high concentrations of both zinc and copper, with a low resulting 

Zn:Cu ratio of 3. Possible sources of contaminants in the Newmarket catchment 

include roof-runoff from the residential and commercial areas, old copper piped 

networks (a possible large source of copper), busy arterial roads and state highway 1.   

Motions showed high metal concentrations in sediments but the ratio of Zn:Cu was 

approximately 3, so lower than the Grafton Road study. Zinc and copper 

concentrations in the silt and mud fraction were very high (>500 mg kg-1 of zinc and 

>119 mg kg-1 of copper). This concentration in sediments may cause harm to aquatic 

life (see Depree, 2008). Newmarket catchment also has the potential to cause harm to 

aquatic organisms using the above criteria. Further investigations in these catchments 

would assist with more detailed source tracking. 

4.2 PAHs and TPH 

The five catchments could be separated into two categories; ‘high’ and ‘low’ PAH 

contamination. Sediments from Motions and Newmarket catchments contained ‘high’ 

levels of PAHs, with median concentrations of 19 and 12 mg kg-1, respectively. 
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Sediment concentrations in both of these catchments exceeded the ANZECC ‘low’ 

sediment quality trigger level (or Threshold Effects Concentration – TEL) of 4 mg kg-

1. The Motions and Newmarket PAH concentrations were significantly higher than the 

median of 4.6 mg kg-1 for samples (n=10) of road runoff particulates (i.e. RDS). In 

contrast, the other 3 catchments – Onehunga, Paremoremo and Puhinui – contained 

very low concentrations of PAHs, with median concentrations ranging from 0.13 to 

0.30 mg kg-1. The concentrations of PAHs in these three catchments were 13-30 times 

below the ANZECC ‘low’ trigger level.   

Differences in the sediment levels of TPH were less pronounced between the 2 

catchment groups, the ‘high’ PAH catchments (Motions and Newmarket) had 

concentrations of TPH ca. 400-450 mg kg-1, compared to 60-100 mg kg-1  for the ‘low’ 

PAH catchments of Onehunga, Paremoremo and Puhinui. All the catchment sediment 

TPH concentrations were much lower than the median of 1300 mg kg-1  observed in 

road runoff particulates.      

Based on the concentration data, it is apparent that (a) modern road runoff particulates 

cannot account for the concentration of PAHs in Motions and Newmarket sediments; 

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

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

ca. 3 – although the Auckland RDS median was ca. 2300 mg kg-1 which would require 

a ca. 5-fold dilution;  and (c) Based on median PAH and TPH concentrations, modern 

road runoff particulates would need to be diluted by respective factors of 15-35 and 

13-22 to account for the concentrations observed for the Onehunga, Paremoremo and 

Puhinui catchments. 

Hopanes are refractory marker compounds for high boiling petroleum fractions and 

residues (i.e. bitumen). Based on the concentrations of 1 hopane marker, the required 

dilution factor of road runoff particulates was ca. 7 for Motions and Newmarket, and 

15-20 for Onehunga, Paremoremo and Puhinui catchments. Using hopane:PAH ratios, 

the percent contribution of modern road runoff to catchment sediments was 

determined as: 2-4% for Motions; 3-6% for Newmarket; 68-100% for Onehunga; 61-

100% for Paremoremo; 100% Puhinui.  

For the three catchments – Onehunga, Paremoremo and Puhinui  - where modern road 

runoff account for up to 100% of the sediment PAHs, it is important to emphasise that 

the sediment PAH concentrations in these catchments are 13-30 and 150-350 times 

less than the ANZECC ‘low’ and ‘high’ trigger levels, respectively. The situation is 

reversed for the 2 most contaminated catchments – Motions and Newmarket. 

Although these two catchments exceed the ANZECC ‘low’ trigger value, it was 
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estimated that modern road runoff contributes to <5% of the total sediment 

concentration. Hence this study indicates that PAHs are not a major problematic 

contaminant class, since environmental levels arising from the discharge of road 

runoff particulates are well below sediment quality guideline values.       

 



 
 
 

 
 
 
 
Sampling receiving environments close to State Highways 63  

 

5. References 

ANZECC (2000) Australian and New Zealand Guidelines for Fresh and Marine Water 

Quality. 

Depree, C.V., Ahrens, M.J., Mc Neill, S. (2006). Legacy contaminants in 

Christchurch: are roadside soils an ongoing major source of PAHs in runoff today? 

Published in conference transactions of New Zealand Water and Waste Association 

(NZWWA) 2006 Stormwater Conference. Royal Lakeside Novotel, Rotorua, 4-5 

May (14 pp.). 

Depree, C., Ahrens, M. (2007) Polycylic Aromatic Hydrocarbons in Auckland’s 

aquatic environment: sources, concentrations and potential environment risks. 

NIWA Client Report HAM2006-088, prepared for Auckland Regional Council, 

March (71 pp.). 

Depree, C. (2008) Contaminant characterisation and toxicity of road sweepings and 

catchpit sediments: towards more sustainable reuse options. Land Transport NZ, 

Research Report 345. 114 pp. 

Gardiner, L., Osborne, A., Reller, C. (2007) Preliminary assessment of sensitive 

receiving environments at risk from state highway runoff. NZWWA, Rotorua, NZ. 

Mathieson, T.J., Olsen, G.M., Hawken, J.L. (2002). Marine Sediment Monitoring 

Programme: 2001 Results, ARC Technical Publication 192, NIWA Client Report 

ARC02282. Prepared for Auckland Regional Council, July 2002. 

Moores, J., McHugh, M., Pattinson, P. Reed, J. (2008). Dispersion and fate of zinc and 

copper from a state highway in Auckland, New Zealand. NZWWA Rotorua, NZ. 

Reed, J. (2008) Grafton Road stormwater retention tank sediment analysis. NIWA 

Client Report to ARC. AKL-2007-040. 

Timperley, M. (2008) Contaminant Load Model – Manual. ARC Technical Paper, in 

press.  

 



 
 
 

 
 
 
 
Sampling receiving environments close to State Highways 64  

 

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’ 14.49 E 

36° 55’ 52.00 S 
174° 48’ 12.68 E 

36° 44’ 12.43 S 
174° 41’ 11.49 E 

37° 00’ 40.69 S 
174° 50’ 28.23 E 

2 36° 51’ 27.19 S 
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 

4 36° 51’ 28.16 S 
174° 43’ 04.88 E 

36° 51’ 49.35 S 
174° 47’ 16.50 E 

36° 55’ 53.05 S 
174° 48’ 12.78 E 

36° 44’ 11.75 S 
174° 41’ 10.66 E 

37° 00’ 39.97 S 
174° 50’ 25.05 E 

5 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’ 10.46 E 

37° 00’ 40.59 S 
174° 50’ 24.67 E 

6 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 

7 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’ 43.05 S 
174° 50’ 22.56 E 

8 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 

9 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’ 57.71 S 
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 

 



 
 
 

 
 
 
 
Sampling receiving environments close to State Highways 65  

 

Appendix 2: Hill Laboratory report for TPH, PAH and 
Hopanes for catchment sediments 
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Appendix 3: Hill Laboratory report for TPH, PAH and 
Hopanes for road-derived sediments (RDS) 
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