\\ §
&) NIwa

Metals In rural streams

A synoptic survey to support further development of
the FWMT

Prepared foAuckland Council

July 2022

Climate, Freshwater & Ocean Science



Prepared by
Dr Karine Borne, NIWA

For any information regarding thisport please contact:

Karine Borne

Water Quality Scientist
Urban Aquatic Environments
+6493757130
karine.borne@niwa.co.nz

National Institute of Water & Atmospheric Research Ltd

Private Bag 99940
Viaduct Harbour
Auckland 1010

Phone +64 9 375 2050

NIWA CLIENT REPORT  2022191AK

Report date: July 2022

NIWA Project: ARC22101
Revision Description Date
Version 1.0 Report to Auckland Council 18 July 2022
Version 1.1 Amendments tdExecutive Summayyable 21 6 September 2022

footnote

Quiality Assurance Statement

J%//W Reviewed by: Jennifer Gadd
{;?///MA Formatting checked by: Emma Hopede
NE 2 SN Approved for release by: | Jonathan Moores

© All rights reserved. This publication may not be reproduced or copied in any form without the permission of
GKS O2LBNAIKGI 26ySNDaALVD { dzOK y

LISNXY¥AaaArzy Aa

with NIWA. This copyright extendts all forms of copying and any storage of material in any kind of

information retrieval system.

Whilst NIWA has used all reasonable endeavours to ensure that the information contained in this document is

accurate, NIWA does not give any express or irdpharranty as to the completeness of the information

contained herein, or that it will be suitable for any purpose(s) other than those specifically contemplated

during the Project or agreed by NIWA and the Client.

2yt e

0 S



Contents

EXECULIVE SUMIMAIY.....iiiiiiiiiiiiiiiiiieee ettt e e e e e e e e e e e e e e e e e e e e e e e e s ame e e e e e eeeees 5
1 T 1o T 13 Tox 1o o 7
2 MEtNOAOIOY ... 7
2.1 SYNOPLC SWIBY...ceiieiiiitiieie e ettt e et e e e e e e e e e s e r e e e e s s snnneeeaeeeas 7
2.2 Synoptic survey water quality data and model results analysis................... 10
3 TS U 11
3.1 Field data quality and selection for analysiS...........cccccvvvriimmeieiieeiieniineeeeeenn. 11
3.2 Results of SynoptiC Stream SUIVEY.........c.uuvreiieeiiiiiriee e e 12
3.3 Comparison of field and modelled metals data..............cceeeeeeeieiiiiiiiiieces 16
4 [ Toto] 0 1 T=T g o oo ] o 1= P 18
5 ACKNOWIEAGEIMENTS ...ttt et e e e et e e e e eeeeen 19
6 ] (=] €= o > PSRRI 20
Appendix A Synoptic survey sites copper and zinc analyses............cccvvevvvvvene. 21
Tables
Table 21: List of sites identified for the synoptic survey. 8
Table 22: Hill Laboratories analytical methods used for analysis of samples collected by
NIWA and by AC. 10
Table 31: Trace and ultra trace Cu and Zn analyses for the 3 sites which were sampled
both by NIWA and AC. 12
Figures

Figure 21:
Figure 31:

Figure 32:

Figure 33:

Location of synoptic survey sites. 9
Field copper concentrations of surveyed sites with a contributing catchment
comprising mainly forest (For), horticulture (Hort), pasture (Pas#) mixed
(Mix) rural land use. 12

Hydrological response units upstream of For_7 (in light blue, top picture) and
assodated land cover (bottom picture, New Zealand Landcover
Explorer/Landcare Research). 14
Satellite images of area$ose to For_7 showing the presence of potential
disease spreading to the vegetation over 21®1 (red circles) and

vegetation removal in 2021 (red circle). 15



Figure 34:

Figure 35:

Figure 36:

Field zinc concentrations of surveyed sites with a contributing catchment
comprising mainly forest (For), horticulture (Hort), pasture (Past) or a mixed
(Mix) rural land use. 16
Field and modelled (during baseflow conditions) copper concentrations of
surveyed sites with a contributing catchment comprising mainly forest (For),
horticulture (Hort), pasture (Past) or a mixed (Mix) rural land use. 17
Field and modelled (during baseflow conditipagc concentrations of
surveyed sites with a contributing catchment comprising mainly forest (For),
horticulture (Hort), pasture (Past) or a mixed (Mix) rural land use. 18



Executive summary

This report has beecommissioned by Healthy Waters (Auckland Council) as part of ongoing reviews
and continuous improvement in the innovative Freshwater Management Tool (FWMT) programme.
Information and recommendations contained here is purposely for advancing the FWMEws a k
decisionmaking and reporting tool for water quality across the Auckland region.

To support theongoingdevelopmentand continuous improvement of the FWIMAC saw a need for
further data on metals in streams draining catchments with different rural leses.

A synoptic survey wakerefore performed in March 2022 to collect stream water quality data from
different rural land useacrosghe Auckland Region. The main purposes of this survey were to
identify possible differencesetweenstreams from different rural land uses and with modelled
FWMT baseline results and provide recommendations for improved simulation by FWMT.

Sreams for whit the contributing catchment is mainly composed of forest, pasture or horticulture
land use and which provides a safe access for samplng identified using satellite images and
Hydrologic Response UiiiRU)ayer and associated land usenepositionprovided by ACfrom

FWMT v1.0Thirty-two samplingsiteswere initially identified, including AC State of the

Environment (SOE) stations for which no, or only few, metal data were availadii¢he time period
1/1/2012to 31/12/2016used for hydrologicand water quality calibration of the FWMTwenty

five sites were sampled by NIWA and analylediltra-trace metals while 3 were sampled by AC and
analysed for trace metals as part of the monthly SOE monitoFiogr sites were not sampled as no
flow was observed during the sampling mission.

Field copper (Cuwjoncentrations ofhe surveyed sites were relatively similar across all main rural
land use categories. Median field Cu concentrations varied from 0.3 to 0.8 and 0.62 {m0.8ar
DCu and TCuespectively. Some extreme TCu values were reported for the foresug@.4 and
horticulture land uses (1.28g/L) which could be related to forest management practieeg.(
disease control) andossibleexports from urban areas present in the catchmemspectively.
Model copper resultfor the same sitegluring baseflow were about 10 times lower than the
synoptic survey datar{edian of 0.07ug/L and 0.05ug/L for TCu and DCu respectivegysusmedian
of 0.62ug/L and 0.5Qug/L for TCu and DQaspectively)The horticulture and mixed land use
categories exhibited higher modelled concentrations (median of 0.10 andu@/L5T Cu,
respectively) than the forest and pasture categories modelled concentrations (median of 0.06 and
0.07pg/L TCu, respdiwely). Such a differencamongst land usewas not identified from the field
data.

Field zinc (Zn) concentrations of the surveyed sites were relatively similar across all main land use
categories. Median field Zn concentrations varied from 0.6 to 1 and 0.53 tquj/44or DZn and

TZn, respectively. While the forest land @sénibited he lowest median TZn, it also exhibited the
highest reported concentration (5{&/L in Riverhead) which is consistent with previously reported
high Zn concentration of another Riverhead Forest stream (SOE site Riverhieaish@ Valley

Road which may be gecific to this forest, based on lower concentrations in streams draining other
forested areasOverall,modelledZnconcentrations fothe synoptic survey sites were relatively
consistent with the field data collected in March 2022. The main differ&etgeen modelled and

field datawas the greater variability modelled for the horticulture and mixed rural land uses
compared to other the land use categories (as also observed for copper), while such a difference was
not identified from the field data.
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The water quality data collected in Marc022 and comparison to model resultghlighted various
influencing factorghat could beof importancewhen selectingites for model calibration purposes
andwater quality model development. These are:

A

Rural sites wh limited urban contributing area®(g.<3%) should be targeted for rural
land use model calibration purposes as greater percentages,{1%for one of the
horticulture sites in this survgyould largely influence the catchment metal export
behaviou and be responsible for greater metal exports.

Forest managemeng(g.,pest/disease control usingppperbasedproducts) could be
an important factor resulting in higher metal variability for this type of landwisieh
should beaccountedfor by themodellingtool itself and/or when selecting
representative sites for model calibration.

The representativeness of each land use category data set should be increased by
collecting data from multiple sites presenting a high percentage of either forest,
horticulture or pasture land use across the Auckland Region. The use of only one or
two sites for each land use category could introduce a bias and reduce the ability of
the model to capture the variabilitgnd/or accuracy of the metal exports from each
rural lard usetype.

Metals in rural streams



1 LY UNRRdAzOUA Z2Y

Auckland CouncfAC)has developedhe Freshwater Management Tool (FWMT), a prodessed

water quality accounting tool for the Aulelad RegiorfHealthy Waters, 2020Yhis model simulates

the generation, transport and fate of contaminants from land into freshwater environments based

on factors such as climate/meteorology, land cover and land use, soils, slope, consented water takes
and dischargesto support thecontinuousdevelopment of thisaol, AC saw a need for further data

on metals in streams draining catchments with different rural land uses.

The aim of the present wornkasthereforeto :
A Undertake a synoptic survey of metal concentratiémsdifferent rural land uses

A Assemble and analys#ata from the synoptic survelpr notable differences with
modelled FWMT baseline results

A Provide commentary about latter results, choice of calibration/validation locations for
rural land types, make iafences on the consequences of calibration station choices
and recommend improvements (if anyy targeted monitoring for better simulation
and confidence in simulation of metal concentration, by FWMT (e.g., for Stage 2
development).

2 aSikKz2zRz2fz23e

2.1 Synopticsurvey

Water quality stationsvith metal dataused for calibration and validation of FWMT for rural

catchments compris#3sitesA RSy (0 A FA SSIRNB & (0 & Fdfk MiyaR odedlSEG dzNBé¢ |y R ™
G K2 NI A Qhise 6f dabkB sitévere used for calibratiopurposes while the otheswere used for

validation purposegHealthyWaters, 2020)Thesynoptic survey wadesignedo collectadditional

streams water qualitglata (total and dissolved copper armihc) inthesethree categories of rural

land uses.

Existing layeyof streamsandHydrological Response Units (HRMith associated land uses
composition fia) wereprovided by Auckland Council Healthy Watd&sth layers along with satellite
photographywere used to identify streamf®r which the contributing catchment wasainly
composed of forest, pasture or horticulture land use. Land use composition, aspects (small, large,
vegetatedetc) and access to these streamas then checked using google maps and street view to
rule outthose with expected low or stagnant flow mnproper or unsafe access.

This resulted in a list &2 sites Table2-1) including7 AC State of the Environment (SOE) stations for
whichno, or only fewmetal data were available@ver the time periodl/1/2012 to 31/12/2016used

for hydrological and water quality calibration of the FWNDTring the field survey four sites from

this list were identified as n@adequate for sampling as no flow was observed and weeecfore

notsampled¢ KS 4SSt SOGSR aAiGSaQ O2yGNRO6dziAy3d OF GOKYSyY
mixture of forest, pasture and horticulture land uséhat is, there was minimal land use in the

urban, open space or barren categori@etailed catchmenfand use andnain land use category

attributed to each siteare provided infable2-1 and Figure2-1. The SOE sites were either sampled by

NIWA AC(as part of the monthly SOE monitoring) or botth RSy (i NIWAS Ra 10 ¢ al YR ab L2
I / ¢ X NB anD&b@i1). ™he 3 gegsampled both by NIWA and AC were sampled at the same
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time by both organisations in order to compare the effect of tlierent sampling and analysis
methods used.

Table2-1:  List of sites identified for the synoptic survey.

Site Coordinates Site ID Land use Percent of area of entire contributing catchment (%) (5)
Catchment |AC land | Collectio
Main main use nand Fores+Pa|
NZGD_POINNZGD_POINNIWA Land use [contributing |category | analysis i i ture+Horti
T X TY Site ID_|SOE ID (if applicable) |Cat. (1) |land uses (2) |(3) 4) culture
1741579.07 5903993.77For_1 For For NIWA
1738815.4% 5903582.79For_2 For For NIWA
1777985.18 5911690.76For_3 For For NIWA
1740635.83 5931420.50For_4 For For NIWA
1738930.49 5937423.44For_5 For For NIWA
1786700.00 5892817.0QFor_6 [Wairoa Trib-8568 For For Past NIWA-AQ
1799807.31 5904347.18For_7 For For/Past NIWA
1744069.82 5976550.09For_8 For For NIWA
1764248.49 5877089.0¢Hort_2 Hort Hort NIWA
1738272.17 5927708.74Hort_4 Hort Hort NIWA
1739593.80 5928720.0¢Hort_6 Hort Hort NIWA
1744578.5% 5913420.28Hort_7 Hort Hort NIWA
1744745.52 5914423.78Hort_8 |Oratia-7955 Mix For/Past/Hort |Hort NIWA
1763471.43 5882142.03Hort_9 Hort Hort/Past NIWA
1763596.08 5884610.7(0Hort_10 |Whangamaire-438100 [Mix Past/Hort Hort NIWA-AQ
1739312.19 5928776.58Hort_12 |Kumeu-45313 Mix Past/Hort NIWA-AQ
1788065.74 5888763.02Past_1 Past Past NIWA
1787510.94 5889903.24Past_2 Past Past NIWA
1798178.22 5905126.7%Past_3 Past Past NIWA
1766411.41 5887532.9¢Past_4 Past Past NIWA
1766051.97 5884961.89Past_5 Past Past NIWA
1789370.2% 5908598.3(0Past_6 Past Past NIWA
1737168.33 5961356.4]Past_8 Past Past NIWA
1740613.27 5962132.12Past_9 Past Past NIWA
1735286.6] 5926171.2¢Past_10 Past Past NIWA
1747747.50 5965036.81 Mahurangi Forestry-681{IFor For AC
1735620.23 5916387.7 Cascades Stream-4460For For For AC
1775184.32 5881702.7 Ngakoroa-43829 Hort Past/Hort/OS |Hort AC
1766768.67 5880761.44Hort_1 Hort Hort Discarded
1756348.64 5976999.99Hort_3 Hort Hort Discarded
1736275.62 5929709.17Hort_5 Hort Hort Discarde
1738885.09 5968716.29Past_7 Past Past Discarde

(1) Land use category based on main land use of the whole contributing subcatchement. For: Forest, Hort: Horticulture, Past: Pasture, Mix: comprising significant contribution
two types of land uses.

(2) Catchment main contribution land uses based on main land use of the whole contributing subcatchement (data from FWMT_HRUComposition_Ha shape file provided by A
aerial image. For: Forest, Hort: Horticulture, Past: Pasture, OS: Open space. Aerial images sometimes reflected different land use from HRU composition shape file and this
for in the attributed land use category.

(3)AC land use category for SOE stations used for water quality calibration for the FWMT (Table 4-15 FWMT Baseline Configuration & Performance)

(4) NIWA: Sampled by NIWA and sent for ultra trace level dissolved and total Cu and Zn analysis, AC: sampled by AC and analysed in March 2022 as part of the m
monitoring (trace analysis), NIWA-AC: sampled both by NIWA and AC for sampling/analysis methods comparison, Discarded: no moving water so samples were dit

(5) calculated using FWMT_HRUComposition_Ha shape file provided by AC*

* Land cover information generated for FWMT v1.0 HRU raster (e.g., indicative of 2013-2017 baseline lar
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Figure2-1:  Location of gnoptic survey sitesa b L2 ! { A ( S
ACand SOE IDs are displayed for sites sampidyglby AC Table2-1.

L5¢ FNB RA&LMENH@&SR F2NJ
The synoptic survey was performgdMarch 2022Samples collected by NIWA were collected
T2t 2 éldayhndlirty lianc sampling methodology to minimise contamination of the
samplesSimilarly to method 1668USEPA, 1996pon arrival at the sampling site, one member of
the two-person sampling teawasdesignated as "dirty hands"; the second memb&sdesignated

s "clean hands." All operations involving contact with the sample bottle and transfer of the sample
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to the sample bottlevere handled by the individual designated as "clean hands." "Dirty hames"
responsible fohandling fieldequipmentand for all other activities that do not involve direct contact
with the sample.

Samplezollected by NIWAvere filtered (for dissolved metanalysis) and acidified (for dissolved

and total metal analysis) on site and kept on ice before being storedét4 I G b L2 1 Q& f I 62 NJ
to being sent to Hill LaboratorieBltra trace metal analyses weperformed as peffable2-2.

Samples collected by Aere sent toHill Laboratonyor filteringand analys. For these samples

trace metal analyses wemerformed as peffable2-2. Standard uncertainty of laboratory analytical

methods are 0.17 and 0.18)/L for DCu and TCu respectivahd 0.33and 0.37ug/L for DZn and

TZn, respectively.

Table2-2:  Hill Laboratories analytical methodssed for analysis of samples collected by NIWA and by AC

Collected Parameter Analysis Methods Detection
by Limit
Dissolved Ultra trace ICRMS, ultratrace level. APHA 0.0002 mg/L
copper (DCu) 3125 B 23rd ed. 2017.
Total copper  Ultra trace Nitric acid digestion APHA 0.00021
(TCu) 3030 E (modified) 23rd ed. mg/L

2017, ICRMS, ultratrace level.
APHA 3125 B 23rd ed. 2017

NIWA
Dissolved zinc Ultra trace ICRMS, ultratrace level. APHA 0.0005 mg/L
(DZn) 3125 B 23rd ed. 2017.
Total Zinc Ultratrace Nitric acid digestion APHA 0.00053
(TZn) 3030 E (modified) 23rd ed. mg/L
2017, ICRMS, ultratrace level.
APHA 3125 B 23rd ed. 2017
Dissolved Trace ICRMS, trace level. APHA 312 0.0005 mg/L
copper B 23rd ed. 2017.
Total copper  Trace Nitric acid digestion APHA 0.00053
3030 E (modified) 23rd ed. mg/L
2017, ICRMS, trace level.
APHA 3125 B 23rd ed. 2017
AC

Dissolved zinc Trace ICRMS, trace level. APHA 312 0.001 mg/L
B 23rd ed. 2017.

Total Zinc Trace Nitric acid digestion APHA 0.0011 mg/L
3030 E (modified) 23rd ed.
2017, ICRMS, trace level.
APHA 3125 B 23rd ed. 2017

2.2 Synoptic survey water quality dagand model results analysis

Themain contributing land uses of thie dzZNJJ S & $dkchndeht i&aiomputedfrom the data
provided by ACHWMT_HRUComposition_Ha shapé &led/or aerial imags Aerial images
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sometimes reflected different land use froACHRU composition shape file andghvas accounted
for in the attributed land usg The resulting catchment main contributing land usespresented in
Table2-1 (6" column).Surveyed sites wernen groupedin 4 Bnd use categaesbased orthe main
land use of the whole contributing catchmemie.For: Forest, Hort: Horticulture, Past: Pasture, Mix:
comprising significant contribution from at least two types of land ($able2-1, 5" column)

Synoptic survey metal concentrations were analysed to identify variability, extremes and differences
amongst thefour main land use categorieExtreme valueand outliersare defined as

Quoi RORO QLN QI OQE@ TAO Qi N & @i QQa Q
Quol MORO @i6 6 & QRIVIEN Q1 OQEERQIT 0 QI f & @i 6QQa Q

They were thertompared to copper and zinc model resigenerated for the same sitesXduding
Mahurang Forestry6811 for which no mdel results were availablejs the synoptic survey was
performed during dry weather, only model results during baseflow conditions (when flow was lower
or equal to the median flow over the modelling period) were used for the data analysis.

3 wSadzZ Ga

3.1 Field chta quality and selection for analysis

Amongst the 28 surveyed sites, one appeared to be saline (For_1) requiring an analytical method
with higher DLs (1.1ug/L for BDTCu, 44.2ug/L for DTZn). The results for that specific site were <DLs
and therefore wee discarded from the data analysis. The remaining 24 sites sampled by NIWA and
analysedusingultra tracemethodswere all above the DLs except for 1 sample for TCu, 4 for DCu, 8
for TZn and 7 fobZn.The 3 sites samplaohly byAC and analysed for traceetals were all below

the DLs except for the copper analysis for 1 sample.

When analytical results of samples analysed for ultra trace metals were below DLs, the samples
concentrations were replaced by the DLs for the purpose of data analysis. Wheticaha@sults of
samples analysed for trace metals were below trace methods DLs (which are higher than ultra trace
DLs), sample results were discarded to avoid overestimgahetalsfor these sitesWhen bothultra
traceand traceanaly®s wereperformed for a site ultra trace data was used for data analysis.

Ultra trace dssolved analyss were sometimes greater than that for the total fraction, but within
analytical variation of the metho€#/-0.15.g/L for DCu and +0.34ug/L for DZn).

The raw dta from the laboratonfor each individual site are provided Appendix A

Three sites were analysed both for ultra trace and trace dissolved and total coppeiren

representing a total of 12 trace and 12 ultra trace analy3eble3-1). Whenmetals weredetected

by both analytical methods (3 occurrences over, 1i2)ce and ultra traceconcentrations were

relatively similarwith a relative percent differenceanging from5 to 13.3%pand withinanalytical

variation of the method. While the ultra trace method detected metin9 samples over 12he

trace method detectednetals inonly 3 samples over 12 suggesting that ultra trace method would be
more adequate when analysis rural streams metal concentrations (especially for Zn which was never
detected with the trace methodTable3-1). No apparent metal contamination was detected

between the samples collected by NIWA as per the clean-datylhand method (followed by on

site filtering for dissolved metals) and the samples collected by AC.

Metals in rural steams 11



Table3-1:  Trace and ultra trace Cu and Zn analyses for the 3 sites which were sampled both by NIWA and
AC.

:;g:(; ultra TCu_Trace%[r);:Ct ultr3 DCu_Trac e:; EZAZ(; ultra TZn_Trace 5;:(; ultrg DZn_Trace
Detection limit 1g/L) 0.21 0.53 0.2 0.5 0.53 1.1 0.5 1
Kumeu-45313 0.82 0.77 0.8 0.7 1.24i<1.1 1.1<1
Wairoa Trib-8568 059  0.62 0.6<0.5  [<0.53 |<1.1 0.6/<1
Whangamaire-438100 0.4i<0.53 0.4{<0.5 <0.53 I<1.1 <0.5 <1
metal detected by both analytical methods
<DL

3.2 Results of synoptic stream survey

3.2.1 Copper

Field opper (Cu) concentrationsf the surveyed siten March 2022were relatively similar acres
all main land use categorieBigure3-1). Median field Cu concentrations varied frdh8 to 0.8 and
0.62 to 0.82ug/L for DCu and TCu, respectivépme extrem@Cuvalueswere reported for the
forest (For_7: 9.4ug/L) and horticulture land uses (Hort_7: 1 2&/L).

Synoptic survey sites-Field data
10 HTCu
o outlier
+ extreme
I DCu
9 o outlier

Concentration (ug/L)
N

[ o B e ——— b

For Hort Mix Past
Main land use

Figure3-1: Fieldcopper concentrations of surveyed sites with a contributing catchment comprising mainly
forest (For),horticulture (Hort), pasture (Past) or a mixg@llix) ruralland use A scale break between 2 and 8
Hg/L has been implemented on théaxisThe green lie represents DCu detection limit =Qug/L, the red
dashed line represents TCu detection limit=Qg/L. Extreme valueare defined as values >(7percentile+3 x
interquartile range) and outliers are defined as values B(F&rcentile+1.5xinterquartileange) and <extreme
values.

lf K2dAK GKS Ofz2asSaid FNBIF G2 1 2NIgwyt A& YIlIAyfé& K2
presents the highest proportion of developed area amongst the horticulture land use category sites

(11% of the catchment compadto 20 ®p 23> F2NJ 6 KS 20 KSNJ aK2 NI A Odzf ( dzN
impacted copper export within the catchment and could be responsible for the relatively higher TCu
concentration however other pecific sources or practices in this catchmeahnot be ruled out.
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ltis unclearwhyfor 7SEKA O A GSR &4dzOK KA3IK ¢/ dz O2yOSy i N} GA2ya
andcould beindicative of either specific geological conditions or Cu generaitigitiesin the
catchmentb C2 NPT Q& Qdeis ranklyigligenousfdreyt figure3-2) andsomepasture

(~50 HaJocated close to the sampling sité/hile pasture is not generalknown to be a copper
releasirg activity, the most common cause of copper export from forest would be copper fungicides
spraying in case of vegetation diseaéBaillie et al., 207). Satelliteimages over 2012021 suggest

that some parts of the forestovered by Manuka and/or Kanuka may hauéfered froma disease

over the years and the vegetation was partly cut during the second half of Zgir¢3-2 and
Figure3-3). Whether or notcopperbased fungicide has been applied is not known and therefore no
assertion can be made regarding tbeurceof Cuat this stage but it suggests that management
specificto each forest could be an important factor resulting in higher metal variability for this type
of land usewhich isnot currentlyaccounted folby the FWMT

Metals in rural steams 13
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Figure3-2:  Hydrological response units upstream of For_7 (in light bltep picture) and associated land
cover pottom picture, New Zealand Landcover Explorer/Landcare Reskepteed circles refer to the same
circles on Figure-3.
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Figure3-3:  Satellite images of areas close to For_7 showing the presence of potential disease spreading to
the vegetation over 201582021 (red circles)and vegetation removal in 202{red circle)

3.2.2 Zinc

Field zindZn) concentrations of the surveyed sites were relatively similar across all main land use
categories Figure3-4). Median field Zn concentrations varied fron6 @ 1 and 053to 1.44ug/L for

DZnand Zn respectivelyWhile the forest land usexhibited the lowest median TZn (mainly due to

the relative high number of samples<sBiZ: 2 F (0KS aF2NBadé -38nfoftie Sa O2 YL
other land uses categories) it also exhibited the highest reported concentratiopdB.d4 Znand 4.5

pg/L DZrfor For_4)

The catchment oFor_4includespart of theexoticRiverhead Foregor whichhigh stream Zn
concentrations have been reported in the pasicadeat the SOE site Riverhead@rimu Valley

Road / 4537dased on monthly monitoringReported concentrations ranged from 2 to |4g/L over
20102021 with a median of 7.8g/L. For_5 whose ¢eéhment also comprises part of thieiverhead
Forestexhibited the second highest Zn concentration for the forest land use category. The present
synoptic survey data are therefore consistent with previously repoligti Zn concentration of
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