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EXECUTIVE SUMMARY
The Nelson Regional Sewerage Business Unit (NRSBU) is seeking to renew its consent to
discharge treated wastewater from the Bell Island Wastewater Treatment Plant (WWTP). As
part of the application process, NRSBU has contracted the Cawthron Institute (Cawthron) to
investigate and report on the capacity of the marine receiving environment to assimilate
additional nutrients. This report is intended to provide an additional stand-alone technical
support document to be appended to the consent renewal application and the AEE. The
report covers the following components as specified by NRSBU:
1. a summary of the available information on current total nitrogen (TN) and total
phosphorus (TP) discharges to Waimea Inlet and Tasman Bay
2. a summary of the available guidelines/standards in respect of TN (or other species of
nitrogen) and TP (or other species of phosphorus), including both concentrations and
mass loadings
3. a recommendation on whether the Bell Island WWTP receiving environment of
Waimea Inlet and/or Tasman Bay has the capacity to assimilate additional nitrogen
and phosphorus, and if so, how much capacity is available before the
guidelines/standards are likely to be exceeded
4. assessment of ecological implications of the predicted future increase in effluent TN
loads over the proposed 35-year consent period
5. considerations for future monitoring.

Capacity of the Bell Island WWTP receiving environment to assimilate additional
nutrients
Waimea Inlet
Comparisons of average reference site nutrient concentrations and areal loading estimates
for Waimea Inlet with reported New Zealand and overseas guidelines/standards suggest that
there is only limited capacity for the estuary to assimilate additional nutrient loading from
contributing sources. The enrichment status of estuary waters ranged from HIGH (or POOR)
to MODERATE, based on the various dissolved inorganic nitrogen (DIN) thresholds from the
literature. Although this has not resulted in a general expression of adverse ecological
symptoms, it is nevertheless consistent with a moderate-to-high vulnerability for such effects
to occur. However, if we focus our comparisons specifically on the area of the estuary downcurrent from the Bell Island WWTP discharge, the average nutrient concentrations equate to
a very low eutrophication status. For example, based on TN and DIN thresholds,
concentrations of these nutrients could be increased by up to 27% and 35%, respectively,
without exceeding a low eutrophication status.
Tasman Bay
Comparisons of inner Tasman Bay nutrient concentrations and areal loading estimates with
reported New Zealand and overseas guidelines/standards suggests that there is a capacity
for assimilation of additional nutrients without expression of adverse enrichment effects.
Based on the average inner Bay TN and DIN concentrations summarised here, these
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nutrients could possibly be increased by approximately 24% and 38%, respectively, without
causing a shift to beyond a ‘very low’ overseas threshold for eutrophication status.
Future monitoring of the Bell Island WWTP receiving environment
Considering a potential 17% increase in TN loading rate over a proposed 35-year consent
duration, and assuming that dilution factors remain the same, concentrations of nutrients in
the effluent plume would not be expected to increase noticeably beyond present levels.
Since recent hydrodynamic modelling results indicate that concentrations of estuary nutrients
will not increase progressively over time due to incomplete flushing, we would expect no
changes in ecological characteristics that are dependent on concentrations of nutrients
generated by the discharge. Thus we consider that the existing receiving water and benthic
monitoring, undertaken at 5-year intervals, along with 6-monthly phytoplankton species
composition and water column profile analyses, will be sufficient to evaluate any unforeseen
changes in ecological enrichment effects over the proposed 35-year consent period. We
recommend, however, adding monitoring stations to ensure adequate coverage of the
recently updated mean dilution fields predicted for the Bell Island WWTP discharge. This
would entail inclusion of at least one benthic monitoring station within the eelgrass habitat
bordering the eastern channel down current from the effluent discharge and at least one
receiving water monitoring station within the same channel.
Development of site-specific nutrient thresholds
We suggest that consideration be given to the design and implementation of a joint
NCC/TDC coastal water quality State of Environment (SOE) monitoring programme with a
focus on Waimea Inlet and Tasman Bay to enable informed management of potential issues
associated with multiple nutrient sources. Such a programme would initiate development of a
robust data set and facilitate a modelling approach for identification of site-specific water
quality thresholds/trigger levels. It would also provide additional context for assessing the
implications of projected long-term increases in nutrient loading from individual sources.
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1. INTRODUCTION
1.1. Scope
The Nelson Regional Sewerage Business Unit (NRSBU) is seeking to renew its
consent to discharge treated wastewater from the Bell Island Wastewater Treatment
Plant (WWTP). Discharge currently occurs under Resource Consent NN000539, via
an outfall at the south-eastern end of Bell Island (Figure 1). As part of the application
process, NRSBU previously contracted the Cawthron Institute (Cawthron) to provide
an assessment of environmental effects (AEE) of the discharge on the receiving
environment (Morrisey & Berthelsen 2017).
The NRSBU have further requested that Cawthron investigate and report on the
capacity of the marine receiving environment to assimilate nutrients from the Bell
Island wastewater discharge. This report is intended to provide an additional standalone technical support document to be appended to the consent renewal application
and the AEE. The report covers the following components as specified by NRSBU:
1. a summary of the available information on current total nitrogen (TN) and total
phosphorus (TP) discharges to Waimea Inlet and Tasman Bay
2. a summary of the available guidelines/standards in respect of TN (or other species
of nitrogen) and TP (or other species of phosphorus), including both
concentrations and mass loadings
3. a recommendation on whether the Waimea Inlet and/or Tasman Bay has the
capacity to assimilate additional nitrogen and phosphorus from the Bell Island
WWTP, and if so, how much capacity is available before the guidelines/standards
are likely to be exceeded
4. assessment of ecological implications of the predicted future increase in effluent
TN loads over the proposed 35-year consent period
5. considerations for future monitoring.

1
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Satellite image of the location and receiving environment of the Bell Island WWTP
discharge.

2. RECEIVING ENVIRONMENT OF THE BELL ISLAND
WASTEWATER TREATMENT PLANT
The Bell Island Wastewater Treatment Plant (WWTP) outfall is located on the eastern
side of Bell Island within the eastern arm of Waimea Inlet. The outer tidal export
channels of the eastern arm of the Inlet are the immediate receiving environment of
the discharge (Figure 1). The treated wastewater is discharged on the ebbing tide
(within a three-hour window of high tide) ensuring that it is not transported westward
into the estuary. Strong current flows result in the treated wastewater being rapidly
flushed seaward into Tasman Bay (Gillespie et al. 2011a).

2.1. Mixing characteristics
The immediate mixing zone is described in Morrisey and Berthelsen (2017) based on:
historical hydrodynamic information (Bell et al. 1995; Westcott 1981); the results of
water-quality monitoring within and downstream of the mixing zone; and new
hydrodynamic information provided by MetOcean Solutions Ltd (2017).

2
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3. POTENTIAL MARINE ENVIRONMENTAL THREATS FROM
NUTRIENT ENRICHMENT
Excess organic and/or inorganic nutrient input from sources such as agricultural
runoff, storm water discharges and domestic and industrial wastewater discharges,
can pose a significant threat to coastal marine environments (Kemp et al. 2005).
Increased nutrient addition can initially enhance marine ecosystems in a beneficial
way by moderately stimulating both primary producers (plants) and consumers (e.g.
finfish, shellfish, seabirds, etc.). However, if concentrations surpass an ecosystemlinked assimilation capacity for a particular water body/region, serious adverse effects
can result. The process linking increasing nutrient concentrations and resulting
ecosystem responses is termed eutrophication. Significant eutrophication can
dramatically alter food web pathways in a variety of ways. For example, the
stimulation of phytoplankton growth decreases water clarity and the light available for
benthic (seabed) plant production, with follow-on effects to associated animal
communities. The boom or bust progression of phytoplankton blooms can lead to
oxygen depletion in the water column and/or seabed as the algal biomass dies and is
decomposed through heterotrophic microbial processes. The deposition of dead
algae and related oxygen depletion in the seabed and overlying water can lead to
mortality of benthic animals.
Eutrophication can also increase the incidence and intensity of harmful algal blooms
with follow-on cascade effects damaging to most animal communities above the level
of plankton (Heisler et al. 2008). Forty-two species of potentially toxic or harmful
plankton species have been recorded in New Zealand coastal waters (Michael et al.
2012). These include bloom-forming species responsible for neurotoxic, paralytic and
diarrhetic shellfish poisoning. Fish-killing species in this group include Karenia
brevisculcata that exhibits cytotoxicity in a wide range of marine organisms. A bloom
of this species in Wellington Harbour in 1998 caused massive kills of fish,
invertebrates and seaweeds and caused human respiratory distress (Chang et al.
2001). Slime-producing dinoflagellate blooms in the Nelson Bays have been
implicated in occasional mortality events affecting fish and shellfish (MacKenzie et al.
2002).
Partially enclosed estuaries or bays are generally more prone to enrichment effects
than open ocean ecosystems. Problematic phytoplankton blooms can occur in
estuaries with high residence times. Such blooms are not likely to occur within wellflushed estuaries, however, because the short residence times would be less than the
generation time for phytoplankton (Redalje & Laws 1981). Thus there would not be
sufficient time for phytoplankton to respond to the elevated nutrient concentrations
and reproduce prior to export and dilution to normal background levels for coastal
waters. Therefore, eutrophication effects on well-flushed estuarine systems are
largely associated with benthic, rather than water column (phytoplankton), responses.

3
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Benthic responses can include blooms of opportunistic macroalgae (e.g. sea lettuce)
or micro-algal (e.g. diatoms, cyanobacteria) mat development on the seabed and
follow-on effects associated with oxygen depletion, sulphide production and
disruption of animal communities.
Seagrass habitat can be particularly sensitive to nutrient enrichment effects. In most
cases these effects are considered to be indirect; i.e. due to light reduction through
stimulation of high-biomass algal overgrowth as epiphytes and macroalgae in shallow
coastal areas. However, direct physiological responses such as ammonium toxicity
and water-column nitrate growth inhibition are also possible under more extreme
conditions of nutrient loading.

4
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4. SUMMARY OF AVAILABLE DATA DESCRIBING NITROGEN
AND PHOSPHORUS INFLOWS TO WAIMEA INLET AND
TASMAN BAY
4.1. Waimea Inlet
Variability in the mass transport of nitrogen (N) and phosphorus (P) into Waimea Inlet
is largely dictated by their concentrations in freshwater tributaries and large
fluctuations in rainfall and stream flow. Gillespie et al. (2001) assessed the nutrient
discharge rates from the Waimea River and small streams entering Waimea Inlet
(Table 1; Figure 2). That report provides a historical estimate of average mass loading
during low and moderate stream flow conditions (1997–1998), however no major flood
events were captured during the sampling. Although management intervention by
Tasman District Council (TDC) has likely resulted in reductions in nutrient
concentrations in some of these tributaries (James & McCallum 2015), updated mass
transport estimates that include concentration data, covering the full range of flow
conditions, are still not presently available. However, monitoring results for Waimea
River TN and TP concentrations and river flows at Appleby (data provided by TDC)
indicate generally higher mass loadings during the winter/spring period (Figure 3).

Table 1.

Calculated daily (24-hour) mass transport of nitrogen and phosphorus into Waimea Inlet
via freshwater tributaries during low and moderate flow conditions. From Gillespie et al.
(2001). Contributions calculated as arithmetic means of sampling occasions. Low-flow
sampling occasions were 4 November 1997 and 23 April 1998 and rain-affected
occasions were 19 June 1997, 11 September 1997 and 12 November 1998. No
significant flood events were captured.
Flow (m3 )

DIN ( kg )

Low
Flow
501

Rainaffected
7203

Poorman Cr

1464

16439

0.4

21.4

0.6

66.0

Orphanage

1287

12793

1.7

22.6

0. 7

79.3

Saxton Cr

778

6399

2.2

12.2

0.2

Borck Cr

2631

8156

17.9

59.6

12.5

Neiman

4584

12545

17.4

56.3

Pearl Cr

15159

20362

17.9

4277

35280

4.1

216

1964

30897

Waimea R
Total (all
tributaries)

Jenkins Cr

O'Connor Cr
Stringer Cr
Total (small
streams)

% small
streams

Low Flow

Total-N ( kg )
Low
Flow
0.2

RainLow Flow
affected
48.4
0.01

Total P ( kg )

Rainaffected
0.16

Low
Flow
0.01

Rainaffected
0.35

0.06

0.34

0.09

0.59

0.05

0.37

0.11

0.78

36.3

0.02

0.18

0.05

0.69

11.6

0.03

0.50

0.11

1.20

14.3

90.2

0.07

0.18

0.15

0.38

46.3

22.8

121.6

0.15

1.60

0.66

1.97

80.8

12.0

207.6

0.08

0.70

0.32

2.74

0.03

1.4

0.6

7.1

0.02

0.05

0.05

0.20

121141

61.7

311.1

63.2

668.1

0.5

4.1

1.6

8.9

250560

3345408

100.8

2012.9

170.3

2164.8

0.5

29.9

1.1

133.1

281457

3466549

162.5

2324.0

233.5

2832.9

0.98

33.9

2.7

142.0

11

3

38

13

27

24

49

12

58

0.04

Rainaffected
10.5

SRP ( kg )
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Dissolved inorganic nitrogen (DIN) contributions (to Waimea Inlet) from the Waimea River
and small tributary streams (calculated from average concentrations and inflows during
the preceding month). From Gillespie et al. (2001).
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Daily (24-hour) mass transport of total phosphorus (TP) and total nitrogen (TN) from the
Waimea River into Waimea Inlet. Data collected by TDC from Appleby monitoring station.

4.2. Tasman Bay
Although the bulk nutrient supply to Tasman Bay as a whole is dominated by
oceanographic processes freshwater nutrient inputs are also important, particularly
within the 30 m depth contour (Gillespie et al. 2011b). While over-enrichment is
undesirable, this is unlikely to occur in the Bay due to the estimated flushing rates in
combination with nutrient cycling and the high rates of sediment microbial
denitrification (Gillespie et al. 2011b). The only exceptions might be localised
vulnerability within near-shore regions and estuaries.
The annual mass transport of nutrients from the Motueka catchment into Tasman Bay
for the years 2005 to 2009 (Table 2) varied considerably between years. Highest
loading rates occurred during 2008 (e.g. TN 35% and TP 47% above the mean), while
lowest rates occurred during 2005 (e.g. TN 35% and TP 49% below the mean). Interannual and monthly variations in river flow corresponded strongly with temporal
patterns in nutrient loading rates and were clearly influenced by season. However,
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contrasting seasonal patterns were evident between years. What might have been
considered a typical pattern of highest nutrient discharge rates through winter and
early spring (i.e. June to September) occurred during three of the five years, but was
most obvious in 2008. Markedly different patterns emerged during 2006 and 2007. In
2007 a large proportion of the annual nutrient discharge occurred during October in
conjunction with a succession of rainfall events that month. Dry conditions from
November 2006 through May 2007 resulted in an extended period of low nutrient
discharges.

Table 2.

Annual mass transport of nutrients into Tasman Bay from the Motueka River, 2005–2009.
From Gillespie et al. (2011b).
Year
2005
2006
2007
2008
2009
Mean

Average flow
(m3 s-1)
38
55
56
61
54
53

TN
(tonnes)
397
630
540
829
669
613

NO3-N
(tonnes)
312
480
422
618
505
467

NH4-N
(tonnes)
5.5
8.5
8.6
9.5
8.2
8.0

TP
(tonnes)
25
49
43
72
55
49

DRP
(tonnes)
5.0
7.9
7.8
9.4
7.8
7.6

These historical estimates provide a record of the major freshwater source of
nutrients into the Bay for comparison with other smaller tributaries and point source
discharges. The results of Gillespie et al. (2011b) indicate that the average annual
mass transport of N and P into Tasman Bay via the Motueka River comprises only a
small proportion of these nutrients (e.g. probably less than 10% of the nitrogen)
delivered by way of oceanic waters flushed into the Bay. Zeldis (2008) estimated DIN
contributions to Tasman Bay from rivers to be about 600 tonnes per year or 9% of
oceanic sources and that groundwater and wastewater contributions were negligible.
Nevertheless, loadings of the magnitude estimated, in conjunction with plumeaffected stratification characteristics (MacKenzie & Adamson 2004) and related
effects on the delivery of nutrients from offshore subsurface waters, were apparently
sufficient to generate the landward gradients of increasing nutrient concentrations off
the Motueka River mouth described in MacKenzie (2004).
Using TN as an example, the average annual freshwater + atmospheric + wastewater
input to Tasman Bay was estimated to be approximately 1241 tonnes (Gillespie et al.
2011b). This total included an average of 613 tonnes from the Motueka River,
300 tonnes from other tributaries of Tasman Bay (a very rough but conservative
estimate based on proportional flows and limited available water quality data),
304 tonnes from the four main point source wastewater discharges (based on
historical data) and 24 tonnes from direct rainfall. By extrapolating measured Tasman
Bay benthic denitrification rates (summer measurements at three sites only)
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(Christensen et al. 2003) to the area of the Bay within the 30 m depth contour (i.e.
634 km2), it was estimated that about 2900 tonnes of nitrogen could be removed per
year through microbial conversion to N2 in the sediments (Gillespie et al. 2011b).
Considering the above data-based estimates, it appeared that the average amount of
nitrogen discharged into the Bay annually (i.e. from the total freshwater + wastewater
+ atmospheric discharge) would constitute only about 40% of the amount potentially
lost through denitrification. This contrasts markedly with many other coastal regions
where similar comparisons suggest that fixed nitrogen losses via microbial production
of N2 are not sufficient to accommodate large increases in nitrogen runoff from
agricultural sources (Seitzinger et al. 1984; Nixon et al. 1996; Seitzinger 2000).
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5. CLUES MODEL ESTIMATES OF NUTRIENT INFLOW TO
WAIMEA INLET AND TASMAN BAY
We used a GIS-based modelling system, the Catchment Land Use for Environmental
Sustainability (CLUES) model (http://archive.mpi/clues), to estimate TN and TP loads
to Waimea Inlet and the greater Tasman Bay. The mean cumulative (instream) TN
and TP loads (tonnes per year or t/y) (Table 3) were calculated for the terminal node
of each river reach according to Semadeni-Davies et al. (2016). The CLUES
calculations were made with version 10.3 using the default settings based on Land
Cover Database version 3 (LCDB3) 2008/09 land use and the 2010 REC2 stream
network database. The catchment areas for Waimea Inlet and Tasman Bay are shown
in Figure 4. Waimea Inlet calculations include all streams and rivers draining into the
estuary. Tasman Bay calculations include all streams and rivers draining into the Bay
from Separation Point to Delaware Inlet, including those within Delaware Inlet. Loads
were calculated as the sum of the upstream loads and loads from the river-reach subcatchments less reservoir decay for reaches classed within CLUES as a lake reach.
The terminal reach loads were summed to provide an overall estimate of N and P
loads to Waimea Inlet and Tasman Bay.

Table 3.

Mean annual TN and TP cumulative (instream) loads for Waimea Inlet and Tasman Bay.
Area

10

N load (t/y)

P load (t/y)

Waimea Inlet

461.33

56.70

Tasman Bay

1802.71

256.59
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CLUES model outputs for TN and TP in Waimea Inlet (left) and Tasman Bay (right) under
a default catchment land use scenario.

The CLUES predictions shown above are considerably higher than the historical
(data-based) estimates quoted earlier in Sections 4.1 (Table 1) and 4.2. (Table 2).
This is at least partly due to the exclusion of major flood events from the data-based
estimates. The modelled results also differ from the earlier CLUES predictions for
Waimea Inlet calculated by Robertson and Stevens (2012) of 222.5 and 39 t/y of TN
and TP, respectively. This is most likely a result of differences between CLUES
versions; CLUES 10.3 uses land use from LCDB3, the 2010 REC2 stream network
database and OVERSEER version 6.1. By contrast, the version that Robertson and
Stevens (2012) used took land use from LCDB2, had point source data switched off
and most likely the original 2004 REC stream network database and an earlier version
of OVERSEER. Indeed, calculating nutrient loads using the older 10.2.2 CLUES
version estimated another set of nutrient loads for the Inlet (382.2 t/y TN and 54.5 t/y
TP) showing that nutrient load outputs are highly variable across CLUES versions.
However, an earlier interrogation of the Water Resources Explorer New Zealand
(WRENZ) land use yield model (Stevens & Robertson 2010) estimated a TN load of
533 t/y. Although this is roughly similar to the current CLUES prediction, it is important
to note that these are very rough estimates and should be treated as such.
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6. SUMMARY OF INFORMATION DESCRIBING N AND P
CONCENTRATIONS IN WAIMEA INLET AND INNER TASMAN
BAY WATERS
6.1. Waimea Inlet
Information describing nutrient concentrations in Waimea Inlet is largely limited to data
provided by a series of Bell Island receiving environment monitoring surveys
undertaken in the period 2001–2016 (Gillespie & Asher 2001; Gillespie et al. 2001;
Gillespie & Asher 2005; Gillespie et al. 2006; Gillespie et al. 2011; Morrisey et al.
2016). Data from the relevant NRSBU monitoring reports, describing reference sites
considered to be outside the influence of the Bell Island WWTP discharge (Table 4),
indicate considerable spatial variability. However, nutrient concentrations at Site 1
(300 m up-current from the discharge) were substantially lower during the 2011 and
2016 surveys compared to previous surveys, suggesting some (at least localised)
improvement in the nutrient water quality within the estuary. Comparison amongst the
five surveys of nutrient concentrations at potentially impacted sites adjacent to the
outfall and within 500 m down current from the outfall (Table 5) also indicate an
improvement in water quality over time. Average nutrient concentrations at these
potentially impacted sites decreased considerably between the 2001 and 2005/2006
monitoring surveys followed by a further decrease during the 2011 and 2016 surveys.
These results are consistent with corresponding reductions in effluent nutrient
concentrations observed during the 2011 and 2016 monitoring surveys (Morrisey &
Berthelsen 2017), although an improvement in general estuary water quality may
have also contributed.

12
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Average nutrient concentrations (mg/m -3) of Waimea Inlet water collected outside the
potential influence of the Bell Island WWTP discharge plume. Data taken from NRSBU
water quality monitoring reports 2001-2016.

Table 4.

Year

Site

Location

20011

1
17

DIN

TN

DRP

TP

300 m up-current from discharge

80

420

40

4

Side Chanel N of Bell Island

100

320

50

140

18

Between Bell & Best Island

230

400

40

70

19

Near Borck Creek

230

610

40

70

20

Near Orphanage Creek

170

250

40

90

21

Near Jenkins/Poorman Stream

160

70

90

22

Near Monaco

160

240

40

70

23

Near Saxton Island

110

330

40

60

20052

1

300 m up-current from discharge

88

39

130

270

33

50

20062

1

300 m up-current from discharge

79

130

212

450

26

33

20112

1

300 m up-current from discharge

22

19

50

210

11

39

12

Between Bell & Rough islands

23

180

214

410

11

40

13

Waimea W channel Mapua

9

0.5

9

60

9

46

1

300 m up-current from discharge

14

21

36

230

9

15

12

Between Bell & Rough islands

27

189

220

350

10

19

13

Waimea W channel Mapua

20162

NH4-N

NO3-N

24

74

99

230

11

22

Mean

35.7

81.6

215.6

318.7

30.0

56.9

sd

30.2

75.2

86.3

129.9

18.2

32.3

1.

See Gillespie et al. 2001, figure 1 for a map showing site positions.

2.

See Gillespie et al. 2011a, figure 1 for a map showing site positions.
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Average nutrient concentrations (mg/m -3) of Waimea Inlet water collected within potential
influence of the Bell Island WWTP discharge plume. Data taken from NRSBU water
quality monitoring reports 2001-2016. Note sites 2–6 (renamed W2–W6) refer to
increasing distances down current from the discharge location as described in Gillespie et
al. (2001) and Morrisey et al. (2016).

Table 5.

Year

Site

Location

2001

2
3

2005

2006

2011

2016

14

NH4-N

NO3-N

DIN

TN

DRP

TP

Next to outfall

1510

1810

600

690

Within 500 m down-current from outfall

1000

1120

400

410

4

Within 500 m down-current from outfall

490

620

210

220

5

Within 500 m down-current from outfall

670

910

300

360

6

Within 500 m down-current from outfall

610

820

250

260

Mean

856

1056

352

370

s.d.

412

458

156

149

2

Next to outfall

350

26

379

510

120

120

3

Within 500 m down-current from outfall

270

26

299

460

91

120

4

Within 500 m down-current from outfall

56

31

87

230

23

40

5

Within 500 m down-current from outfall

56

27

84

220

22

41

6

Within 500 m down-current from outfall

58

19

78

220

22

41

Mean

158

26

185

328

56

72

s.d.

142

4

143

144

47

43

2

Next to outfall

340

11

450

730

110

110

3

Within 500 m down-current from outfall

230

97

330

610

79

80

4

Within 500 m down-current from outfall

77

97

177

450

25

36

5

Within 500 m down-current from outfall

80

120

203

450

26

39

6

Within 500 m down-current from outfall

81

120

204

460

29

34

Mean

162

89

272

540

54

60

s.d.

119

45

116

126

39

34

W2

Next to outfall

21

17

47

210

11

41

W3

Within 500 m down-current from outfall

21

17

47

360

11

41

W4

Within 500 m down-current from outfall

15

12

35

10

13

W5

Within 500 m down-current from outfall

71

10

91

310

23

58

W6

Within 500 m down-current from outfall

18

4

31

270

11

42

Mean

29

12

50

288

13

39

s.d.

23

5

24

63

5

16

W2

Next to outfall

20

23

44

188

8

16

W3

Within 500 m down-current from outfall

15

20

35

159

8

17

W4

Within 500 m down-current from outfall

118

16

134

300

27

37

W5

Within 500 m down-current from outfall

13

12

25

153

8

19

W6

Within 500 m down-current from outfall

17

15

32

161

8

19

Mean

37

17

54

192

12

22

s.d.

46

4

45

62

8

9
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6.2. Tasman Bay
A 5-year investigation of nutrient concentrations in Tasman Bay (1991 to 1996;
MacKenzie 2004) confirms the generally low-nutrient status of the Bay. Average
nitrate-N concentrations throughout the water column were often extremely low during
the summer months (i.e. < 7 mg/m3), with higher concentrations during winter months
(i.e. up to 28 mg/m3). Shoreward gradients of increasing nutrient concentrations were
a general feature in the Bay. Occasional river plume-related spikes of higher nitrate
concentrations (i.e. up to around 210 mg/m3, mainly on the western side of the Bay)
were associated with low salinity surface waters after major rainfall events.
Nutrient concentrations reported for near-shore Tasman Bay waters at reference sites
considered to be outside the Bell Island WWTP discharge plume demonstrate
considerable seasonal and inter-annual variation (Table 6). Generally increasing
shoreward concentrations of DIN and DRP were evident, however TN and TP
concentrations were more stable within 5 km of shore.

Table 6.

Average nutrient concentrations (mg/m 3) of inner Tasman Bay waters collected outside
the potential influence of the Bell Island WWTP discharge plume. Data extracted from
NRSBU water quality monitoring reports, 2001–2016. See individual reports for maps
showing site positions.

Year

Site

Location

NH4-N

NO3-N

DIN

TN

DRP

TP

2006

20
21
22
23

1 km off Mapua entrance
2 km off Mapua entrance
3 km off Mapua entrance
5 km N off central Rabbit Island

38
38
16
26

96
44
5
6

134
82
21
32

370
330
270
290

8
7
3
3

31
28
26
26

T5
T6

2 km off Mapua entrance
3 km off Mapua entrance

16
16

3
3

28
27

170
190

10
9

42
40

T5
T6

2 km off Mapua entrance
3 km off Mapua entrance

2
2

1
1

5.5
5.5

127
124

2.7
2.3

14
12

19
14

20
34

42
44

234
94

6
3

27
11

2011

2016

Mean
sd

Average reference site TN and TP concentrations (Table 6) are consistent with an
oligotrophic1 state as defined by Smith et al. (1999; Table 7). Chlorophyll-a (chl-a)
concentrations of < 1 to 3 mg/m3 persisted at a site 6 km off the Motueka River mouth
1

The terms oligotrophic, mesotrophic, and eutrophic correspond to the productivity of systems receiving low,
intermediate, and high inputs of nutrients (Smith et al. 1999). These categories are based on international
studies (Håkanson 1994), and ranges specific to New Zealand conditions have not been defined.
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in Tasman Bay during most of the period 2011–2016 (Figure 5). Based on Smith’s
definition, these data indicate a generally low-mesotrophic status of the offshore
water. However, higher concentrations approaching 5 mg/m3 chl-a (i.e. moderate
bloom conditions), occurred during the winter months of 2015. This coincided with a
strong El Nino weather pattern suggesting that offshore upwelling and inflow of highnutrient oceanic water was responsible. Reports of occasional larger-scale
phytoplankton blooms (MacKenzie & Gillespie 1986; MacKenzie et al. 2002) provide
evidence of more extreme inter-annual variability.

Table 7.

Average characteristics of coastal marine waters of different trophic states (Smith et al.
(1999)).
Trophic State
Oligotrophic
Mesotrophic
Eutrophic
Hypertrophic

16

TN (mg/m3)
< 260
350
400
> 400

TP (mg/m3)
< 10
10–30
30–40
>4 0

Chl-a (mg/m3)
<1
1–3
3–5
>5
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Figure 5.
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Chlorophyll-a concentrations obtained from Cawthron’s TASCAM monitoring buoy data
files, 2013–2016 (http://www.cawthron.org.nz/tascam/). Sensor depth = 8 m. Gaps = no
data.
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Nutrient concentrations of inner Tasman Bay waters collected within 5 km downcurrent from the Bell Island WWTP outfall (Table 8) were higher than those collected
at similar distances outside the western estuary outlet at Mapua. For example
average DIN and TN concentrations were 50% and 6% higher, respectively, at the
eastern outlet (potential impact) sites than at the western outlet sites.

Table 8.

Average nutrient concentrations (mg/m 3) of inner Tasman Bay waters collected within the
potential influence of the Bell Island WWTP discharge plume. Data taken from NRSBU
water quality monitoring reports, 2005–2016 (see individual reports for site locations).
Year

Site

2005

12
15
17
18

2006

12
15
17

2011

18
T1/12
T2/15
T3/17
T4/18

2016

T1/12
T2/15
T3/17
T4/18

Mean
sd

18

NH4-N

NO3-N

DIN

TN

DRP

TP

21
10
210
39
33
24
58
58

12
1
15
4
50
19
56
53
60
42
5

34
12
228
44
83
43
114
111
97
75
25

190
160
460
170
330
350
380
360
300
240
200

13
9
75
14
13
8
18
15
13
12
9

36
30
94
33
29
31
44
39
57
49
38

2

22

170

10

42

15
14
4
2
22
22

52
57
5
11
63
56

210
196
142
128
249
98

14
14
7
4
16
17

28
25
14
14
38
18

27
24
11

9
37
42
5
10
39
50
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7. SUMMARY OF AVAILABLE GUIDELINES FOR
CONCENTRATIONS AND AREAL MASS LOADINGS OF
NITROGEN AND PHOSPHORUS SPECIES IN
REPRESENTATIVE COASTAL ENVIRONMENTS
The following section provides examples of New Zealand and overseas
standards/guidelines for water column nutrients in estuaries and coastal waters. When
assessing the suitability of nutrient standards/guidelines for certain situations, it is
important to consider that these are based on specific/various ecosystem components
as well as various nutrient analytes. We have only reported standard/guidelines and
analytes considered relevant to those currently used for monitoring of the Bell Island
WWTP.

7.1. Nutrient concentration and areal load thresholds
The issue of whether or not to focus on nutrient concentration versus loading criteria
has been a contentious one among both scientists and managers (USEPA 2001).
Concentration-based thresholds do not account for seasonality in nutrient levels;
particularly the summer condition, when measured inorganic nutrient concentrations
can be vanishingly small if absorbed into rapidly growing plant communities
(MacKenzie 2004, Swedish EPA 2002).
In contrast, measures of nutrient loads consider nutrients available to the primary
producers prior to uptake, and therefore more faithfully record potential for trophic
impact (NRC 2000, cited in Dudley et al. 2017). However, depending on how the load
is formulated and the normalisation is achieved, the potential nutrient concentration
may be a more reliable indicator of trophic state than the areal load (James et al.
2016).
We have generally only reported widely applicable threshold concentrations and areal
mass loads2, although we have included some specific New Zealand examples. As
concentrations and loadings are often context-dependant, including for estuary
typology, it is important to compare only thresholds developed for similar
environments when assessing their suitability.
In this respect, according to the coastal hydro-systems classification developed by
Hume et al. (2016), Waimea Inlet is a shallow drowned valley (Geomorphic Class 8).

2

Only areal mass loadings were reported. Loadings not associated with area were considered specific enough to
certain locations; e.g. particular estuaries, harbours and bays, that they were not relevant to Waimea Inlet and
Tasman Bay.
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As defined by the Estuary Trophic Index3, Waimea Inlet is a shallow, intertidaldominated estuary (SIDE). SIDE estuaries are those with very short residence times
(< 1 day) that typify many New Zealand tidal lagoon and river estuaries (Robertson et
al. 2016b). The residence times are short enough that phytoplankton are generally
flushed from the system before they are able to respond to added nutrients (i.e. grow
and reproduce), thus reducing the estuary’s susceptibility to phytoplankton-induced
eutrophication. Instead, such estuaries respond to increasing nutrient loads by
expressing benthic (rather than water column) related impacts as described in
Section 3.
7.1.1. New Zealand guidelines

Australian and New Zealand Environment and Conservation Council
The Australian and New Zealand Environment and Conservation Council (ANZECC
2000) describes interim trigger values for protection of south-east Australian estuaries
and marine ecosystems from the effects of nutrient enrichment. Since these are not
considered applicable for most New Zealand coastal ecosystems, there is an initiative
by the Ministry for the Environment (MfE) and regional councils to develop trigger
values from a compilation of New Zealand data (Williamson et al. 2017). Trigger
values derived by ANZECC (2000) from ecosystem data for unmodified or slightlymodified ecosystems for southeast Australian estuaries are included in Table 9 to
provide context but they are not used for evaluation of the enrichment status of the
Bell Island WWTP receiving environment.

3

A classification system used to determine the susceptibility of estuaries to eutrophication and therefore
considered more relevant to the current work: https://shiny.niwa.co.nz/Estuaries-Screening-Tool-2/
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ANZECC (2000) default trigger values for nutrients for southeast Australia for slightly
disturbed ecosystems4. Trigger values are used to assess risk of adverse effects due to
nutrients, biodegradable organic matter and pH in various ecosystem types. Data derived
from trigger values supplied by Australian states and territories. All values are in mg/m 3.
Physical and chemical stressors
Total nitrogen (TN)

Estuaries
300

Marine
120

NOX
NH4+

15
15

5
15

(excluding New
South Wales)

(excluding New
South Wales)

Filterable reactive phosphate5 (FRP)

5

10

Total phosphorus (TP)

30

25
(or 20 for offshore
waters)

Ammonia can function as both a nutrient and, at higher concentrations, a toxicant.
The toxicity of ammonia varies strongly, with higher pH being more toxic. The pH
range of seawater is c. 7.8–8.3 and in this range the guideline values designed to
protect 95% of species decrease from 1320 to 510 mg/m3 as total ammonia-N
(ANZECC 2000).
National Objectives Framework for estuaries

The draft6 National Objectives Framework (NOF) for New Zealand estuaries identifies
attributes based on limit setting around key pressures. Attributes, including numeric
bands, were suggested based on current knowledge. One of the high-level objectives
was to achieve nutrient conditions necessary to maintain ecological integrity and avoid
nuisance algal growths and blooms. Under this objective, potential nitrogen
concentration thresholds were recommended based on concentrations at which plant
growth (i.e. nuisance macroalgae and phytoplankton) maximises under conditions of
light saturation (Table 10).
The NOF considered the concentration-based approach to be attractive due to being
relatively easy to measure and understand, although its usefulness was limited by the
wide range between ‘fair’ and ‘poor’. However, concentration-based thresholds are not
always suitable (see paragraph at the beginning of this section). Therefore, the NOF
also nominated areal loading rates of total nitrogen (TN) to assess eutrophication
Slightly to moderately disturbed systems — ecosystems in which aquatic biological diversity may have been
adversely affected to a relatively small but measurable degree by human activity. The biological communities
remain in a healthy condition and ecosystem integrity is largely retained. Typically, marine systems would have
largely intact habitats and associated biological communities. Slightly–moderately disturbed systems could
include marine ecosystems lying immediately adjacent to metropolitan areas.
5 Commonly referred to as dissolved reactive phosphorus in New Zealand
6 New Zealand Ministry for the Environment, unpublished.
4
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(Table 8). These were specified for different estuary types based on mainly physical
characteristics as defined by Hume et al. (2007).

Table 10.

Draft National Objective Framework: dissolved inorganic nitrogen (DIN) ‘potential’ nutrient
concentrations for all estuaries, and specific areal loading bands for Total Nitrogen (TN)
in tidal lagoons (SIDE-type) and coastal embayments (DSDE-type).
Rating
Excellent7

DIN concentration
(mg/m3)
< 25

TN areal load
(mg/m2/d)
< 10

Good

25–70

10–50

> 70

50–100
> 100

Fair
Poor8

As the NOF guidelines apply to New Zealand conditions, they are likely to provide
more appropriate thresholds than the ANZECC (2000) guidelines. However, based on
future nutrient loading scenarios for Southland estuaries, it has been suggested that
the NOF thresholds, in regards to total nitrogen areal loading rate, may be
environmentally conservative (Snelder & Fraser 2013).
Wriggle 2012

Wriggle (2012) ranked the sensitivities of different estuary types and, using New
Zealand monitoring data, recommended nitrogen areal load limits to protect against
nuisance algal blooms (cited in James et al. 2016). Tidal lagoons were considered
‘moderately sensitive to nutrient loads’, with nuisance algal blooms occurring when
the nitrogen areal loading exceeded about 50 mg/m2/d (i.e. if residence time was
0.5 to 3 days).
Estuary Trophic Index 3

The New Zealand Estuary Trophic Index (ETI) toolbox was developed to assist
regional councils in determining the susceptibility of an estuary to eutrophication,
assess its current trophic state and estimate how changes to nutrient load (through
limits) may alter the trophic status (Robertson et al. 2016b). In the ETI Tool 1, areal
load thresholds for determining the influence of nutrients on nuisance macroalgal and
seagrass growth in SIDE-type estuaries have been adopted (Robertson et al. 2016a)
(Table 11).

7

At excellent levels, nitrogen loadings to estuaries occur at or near levels which would accrue if stream loadings
were near those characteristic of undeveloped or well-managed catchments. These characteristically do not
result in estuarine concentrations that generate maximal macro- and micro-algal growth or cause organic
enrichment that compromises ecological integrity.
8 Poor conditions are characterised by terrestrial loadings originating from intensively developed catchments
(urban or pastoral) that are poorly managed for nutrient runoff. These loadings result in estuarine
concentrations which have potential to generate maximal macro- and microalgal growth or cause organic
enrichment that compromises ecological integrity.
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TN areal load thresholds from ETI tool 1 (Robertson et al. 2016a).
TN areal load (mg/m2/d)
< 10
10 to 50
> 50 to 250
> 250

Threshold
Low
Moderate
High
Very High

Examples of guidelines developed for specific areas in New Zealand

Kakanui Estuary (Otago)
Draft target ranges of potential water DIN concentrations were proposed by Plew and
Barr (2015) for controlling potential macroalgal (Ulva) growth in the Kakanui Estuary in
the Otago region (informed from Morand and Briand 1996; Barr et al. 2013)
(Table 12). According to the ETI, this is an SSRTRE9-type estuary.

Table 12.

Guide for potential growth rate of Ulva based on potential water nutrient concentrations in
Kakanui Estuary (Otago). Table modified from Plew and Barr (2015).

Potential
growth rate
DIN (mg/m3)

Low
< 28

Low to
moderate
28 – 70

Moderate to
high
70 – 210

High
> 210

Manukau Harbour (Auckland)
The Manukau Harbour Water Quality Task Force suggested a reference value of
200 mg/m3 for total inorganic nitrogen10 (TIN) as providing a ‘moderate’ level of
protection from excessive algal growth (cited in James et al. 2016). The harbour has
been assigned as a SIDE-type estuary under the ETI classification system.
Manawatu-Whanganui
Horizons Regional Council have set estuarine and seawater quality limits to support a
range of values (e.g. ecosystem, recreational, cultural, social and economic) in the
One Plan–201411 (Table 13). The seawater management zone comprises the entire
Coastal Management Area other than the Estuary Water Management Sub-zones.
Nutrient concentrations for the Estuary Water Management Zones are based on the
SSRTRE-type estuaries in the Manawatu-Wanganui region (Dudley et al. 2017), that
have high flushing rates and relatively low susceptibility to eutrophication (Zeldis
2009).

9

Shallow, short residence time tidal river estuaries
Total inorganic nitrogen (TIN) is determined as the sum of ammonia-N, nitrate-N and nitrite-N and is considered
to be directly comparable to DIN (Steve Money, Watercare, Pers. Comm.).
11 Coastal Marine Area Activities and Water Management Plan (Schedule I)
https://www.horizons.govt.nz/CMSPages/GetFile.aspx?guid=2e9546e4-b224-433a-8728-2f6fbcbe9fe8
10
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Table 13.

Water management water-quality definitions and targets for Estuary Water Management
Sub-zones in the Manawatu-Wanganui region (range of values encompassing those for
all zones) and Seawater Management Zones. Table modified from the One Plan - 201411.
Definition for Estuary Water
Management Sub-zones

DRP

REPORT NO. 3077 | CAWTHRON INSTITUTE

Target for
Estuary
Water
Management
Sub-zones
(mg/m3)
10 – 15

Definition for Seawater
Management Zones

Target for
Seawater
Management
Zones
(mg/m3)

NA

NA

110 – 44413

NA

NA

NA

The annual average
concentration of total
phosphorus must not
exceed […]
The annual average
concentration of total
nitrogen must not exceed
[…]
The average concentration
of ammoniacal nitrogen
must not exceed […]

10

TP

The annual average concentration of
dissolved reactive phosphorus (DRP)
when the river^ flow is at or below the
20th flow exceedance percentile*
must not exceed […] grams per cubic
metre.
The annual average concentration of
soluble inorganic nitrogen (SIN) when
the river^ flow is at or below the 20th
flow exceedance percentile* must not
exceed […]
NA

TN

NA

NA

Ammoniacal
nitrogen14

The average concentration of
ammoniacal nitrogen must not
exceed […]

400

SIN12

60

60

7.1.2. Overseas guidelines
European guidelines

Nutrient concentration thresholds for assessing the eutrophic status of estuaries and
coastal waters have been developed in Europe by CSTT (1994, 1997 for Scotland),
OSPAR (2001, 2003) and the Swedish EPA (2002) (Table 14).

12

Soluble Inorganic Nitrogen (SIN) concentration is equivalent to Dissolved Inorganic Nitrogen (DIN).
Zeldis (2009) recommended that the 444 mg/m3 value (relating to Manawatu Estuary) be reduced to 167
mg/m3. If this was implemented the estuary target would change to 110 – 167 mg/m3.
14 Ammoniacal nitrogen is a component of SIN. SIN standards should also be considered when assessing
ammoniacal nitrogen concentrations against the standards.
13
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Summary of existing ‘thresholds’ for assessing eutrophication status.

Reference
CSTT (1994, 1997)
EEA (1999)

Analyte
Winter DIN
Nitrate-N

Thresholds (mg/m3)
< 168
Good < 91
Fair 91–126
Poor 126–224
Bad > 224

Swedish EPA (2002)

Winter TN

Swedish EPA (2002)

Summer TN

Swedish EPA (2002)

Winter DIN

Swedish EPA (2002)

Winter TP

Swedish EPA (2002)

Summer TP

Very low < 266
Low 266–350
Moderate 350–490
High 490–756
Very high > 756
Very low < 252
Low 252–308
Moderate 308–364
High 364–448
Very high > 448
Very low < 87
Low 87–118
Moderate 118–170
High 170–424
Very high > 424
Very low < 9.6
Low 9.6–16.7
Moderate 16.7–23.9
High 23.9–31
Very high > 31
Very low < 15.5
Low 15.5–19.4
Moderate 19.4–24.8
High 24.8–32.3
Very high > 32.3

USEPA, CCME and British Columbian guidelines

Water quality guidelines based on a variety of nitrogen species are also provided by
the United States Environmental Protection Agency (USEPA), Canadian Council of
Ministers of the Environment (CCME), and British Columbia. In a review of nitrogen
levels and adverse marine ecological effects from aquaculture, Hartstein and Oldman
(2015) summarised trigger values for these guidelines for estuarine and marine
waters (Table 15). The concentrations given are those causing acute and chronic
toxicity to marine animals (e.g. invertebrates and fish), rather than ecological
responses such as macroalgal or phytoplankton growth, for which lower values
generally apply.
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Seagrass

In southeast Australia, the concentration of 130 mg/m3 DIN was experimentally
demonstrated as the threshold where seagrass (Amphibolis antarctica) switched from
positive to negative net leaf production (Connell et al. 2017). There were also a
number of studies that recorded a direct toxic effect of nitrate on seagrass health
(Touchette et al. 2003).

Table 15.

Summary of trigger parameters and their values for acute and chronic toxicity in estuarine
and marine waters. Table modified from Hartstein and Oldman (2015).

Nitrate

Acute concentration
> 339,000 mg/m3 (CCME 2012)

Chronic concentration
> 3,700 mg/m3 (Meays 2009)
> 45,000 mg/m3 (CCME 2012)

Nitrite

Acute levels specific to marine
systems are not yet defined.

> 60 mg/m3 (USEPA 1986)
> 5,000 mg/m3 (USEPA 1986 warm
water fish)

Un-ionised
Ammonia

Worst case15

Worst case15

> 1,400 mg/m3 (USEPA 1989)

> 220 mg/m3 (USEPA 1989)

(T = 25 ºC, pH = 8.6, salinity = 30
PSU)

(T = 25 ºC, pH = 8.6, salinity = 30 PSU)

7.2. Setting nutrient thresholds in relation to reference conditions
Appropriate nutrient concentration and loading thresholds are often contextdependent; e.g. subject to ecoregion and waterbody type (USEPA 2001). Therefore
one approach to setting nutrient thresholds relevant to a specific area is to develop
these based on reference or background levels. However, there are often difficulties
associated with deriving reference conditions, and a variety of methodological
frameworks have been developed to determine these and then set appropriate
nutrient criteria thresholds. The following provides some examples from New Zealand
and overseas where these frameworks have been implemented.
7.2.1. New Zealand

The ANZECC (2000) guidelines aim to move away from single number values that are
mostly conservative, and emphasise those that can be determined individually,
15

Thresholds for un-ionised ammonia vary depending on the parameters temperature, pH, and salinity.
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according to local environmental conditions. This is done through the use of local
reference data and ‘risk-based decision frameworks’. They suggest that a suitable
environmental data set should ideally include monthly analyses over a minimum
2-year period. Although this requires a considerable amount of work and associated
costs, the outcome is expected to provide more realistic goals for management. For
physical and chemical stressors and toxicants in water and sediment, the preferred
approach to deriving trigger values follows this order: use of biological effects data,
then local reference data (mainly physical and chemical stressors), and finally (least
preferred) the tables of default values provided in the Guidelines. The guideline trigger
values also need to take into account the desired level of protection.
The ETI Tool 1 (Robertson et al. 2016a) also provides background information for
developing nutrient load/estuary response relationships. The development of these
relationships can be undertaken following three broad approaches: (1) reference
estuary statistical approach (not recommended), (2) empirical stressor/response
approach (recommended) and (3) modelling approach (recommended).
7.2.2. United States of America and Canada
USEPA and CCME

The comprehensive USEPA manual provides technical guidance to establish water
quality criteria and standards to protect aquatic life from acute and chronic effects of
nutrient over-enrichment in estuaries and coastal marine waters (USEPA 2001). The
primary variables of concern in criteria development are two causal enrichment
variables: total nitrogen (TN) and total phosphorus (TP). Technical guidance includes
the use of reference conditions, and the procedure employs a stepwise sequence of
actions to arrive at nutrient criteria for a specific body of water. The reference
condition approach was judged to be scientifically defensible and was also considered
likely to be the most cost-effective approach. Numeric nutrient criteria derived for US
states and territories based on the USEPA framework can be viewed at
https://www.epa.gov/nutrient-policy-data/state-progress-toward-developing-numericnutrient-water-quality-criteria.
The CCME (2007) document provides a guidance framework for the management of
nutrients in nearshore marine systems. The CCME (2007) considered the USEPA
approach to be the most well developed and documented procedure available for
establishing nutrient criteria, and, although it was developed with emphasis on U.S.
coastal systems, it was considered generic enough to have much wider applicability.
Therefore, it was recommended that the USEPA approach be adopted for establishing
nutrient criteria for Canadian nearshore waters.
New Zealand example of the CCME reference approach

As part of Auckland’s marine water quality programme, a water-quality index
developed by the CCME (2001) was applied to water-quality data (e.g. Vaughan &
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Walker 2015). In this approach, water quality indices were used to assign a water
quality class (from excellent to poor) for each monitoring site. The objectives against
which the water-quality data were tested were derived from the ranges observed at
reference sites that represented the best achievable water quality within the Auckland
region. Therefore, the index represented the deviation from ‘natural’ conditions in the
Auckland region, rather than indicating whether the water quality was suitable for a
particular purpose. The water quality parameters measured in regards to nutrients,
and their objective thresholds based on reference data, are shown in Table 16.

Table 16.

Nutrient water-quality parameters and their objectives, against which water quality data
were tested, derived from ranges observed at reference sites in the Auckland region.
Table modified from Vaughan and Walker (2015).
Water Quality Parameter
Ammoniacal nitrogen
Nitrate + nitrite nitrogen
Total phosphorus

Objective (acceptable if)
(mg/m3)
< 89
< 105
< 62

A recent review by Williamson et al. (2017), investigating limit-setting options for
coastal water quality in the Auckland region, recommended the use of the ANZECC
guidelines approach for water-quality variables where possible. They highlighted that
under this approach, local numerical values have to be derived for some variables.
Nutrients in the water column of open coastal and open estuary waters (requiring
development based on cause and effect relationships) were given as an example of
variables requiring development at the local scale.
7.2.3. Europe

A number of agencies in Europe have developed guidelines for assessing and
managing eutrophication problems in coastal waters. Two examples of approaches
based on reference values are provided below.
OSPAR convention

The Convention for the Protection of the Marine Environment of the North-East
Atlantic (OSPAR) has developed a comprehensive procedure for assessment and
management of coastal eutrophication (OSPAR 2009). In this approach, Ecological
Quality Objectives (EcoQOs), defined according to the desired level of ecological
quality16, are used as tools for applying the ecosystem approach to the management
of human activities that may affect the marine environment. Such a level may be set in
16

Ecological Quality (EcoQ) can best be defined as an overall expression of the structure and function of the
marine ecosystem taking into account the biological community and natural physiographic, geographic and
climatic factors as well as physical and chemical conditions including those resulting from human activities
(OSPAR 2009).
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relation to a reference or background level. For the purpose of eutrophication, the
desired ‘assessment’ levels of ecological quality (the EcoQOs) are based on levels of
increased concentrations and trends as well as on shifts, changes or occurrence to
take account of natural variability and to allow some eutrophication. Among others,
supporting EcoQs for eutrophication include concentrations of winter nutrients (DIN,
comprising the sum of NH4-N, NO2-N and NO3-N) and dissolved inorganic phosphate
(DIP) (Table 17).

Table 17.

Ecological quality issues, related ecological quality elements and corresponding
ecological quality objectives (EcoQOs) (OSPAR 2009).

Ecological Quality
Issue
Eutrophication

Ecological quality element and related ecological quality objective
(EcoQO)
Supporting EcoQOs-eutro
Winter nutrient (DIN and DIP) concentrations
Winter DIN and DIP (that is, concentrations of dissolved inorganic nitrogen
and dissolved inorganic phosphate) should remain below a justified salinity –
related and/or area-specific % deviation from background not exceeding
50%.

Water Framework Directive

The Water Framework Directive (WFD 2000 60/EC) forms the current basis for
monitoring transitional (i.e. estuarine) and marine waters (as well as other water
types) in Europe. A key concept of the WFD is Ecological Status. At ‘good ecological
status’, the values of biological quality elements (communities of phytoplankton,
plants, fish, macroinvertebrates etc.) should deviate only slightly from those normally
associated with the surface water body type under undisturbed conditions (WFD
2009). Corresponding values for nutrients necessary to support the achievement of
good ecological status may be estimated from response curves based on knowledge
of the relationships between nutrient concentrations and the biological quality
elements.
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8. DISCUSSION OF THE CAPACITY OF THE BELL ISLAND
RECEIVING ENVIRONMENT TO ASSIMILATE ADDITIONAL
NUTRIENTS
In this section we consider nutrient thresholds/trigger levels implemented elsewhere
and attempt to identify those that appear most appropriate for comparison with the
Waimea Inlet and Tasman Bay conditions. Our comparisons are based on available
site-specific physical, chemical and biological information for Waimea Inlet and
Tasman Bay. We stress that further long-term water-quality data collection within
these waters would be required in order to confidently implement nutrient thresholds,
based on a site-specific reference value approach that would trigger adverse
ecological impacts.
Nitrogen is generally considered to be the most limiting of nutrients for plant
production in temperate coastal environments (e.g. Goldman 1976). Observations of
low nitrogen to phosphorus molar ratios in Waimea Inlet (Gillespie et al. 2001) and
Tasman Bay (MacKenzie 2004) waters support this concept. Consequently, although
we include phosphorus as a secondary component of enrichment, we focus primarily
on the various species of nitrogen for assessing the eutrophication status of the Bell
Island WWTP receiving environment.

8.1. Natural assimilative processes
The nitrogen cycle plays a waste-treatment role in processing potentially detrimental
nitrogen-containing wastes derived from point sources such as wastewater outfalls
and diffuse non-point sources such as agricultural or urban runoff. Ultimately nitrogen
cycle processes are responsible for assimilation of such wastes into the food web or
converting nutrient forms of nitrogen into non-nutrient nitrogen gas (e.g. NO3-N → →
→N2 gas via microbial denitrification and related mechanisms). Particulate organic
nitrogen can also become buried in sediments to depths that reduce connectivity with
the overlying seawater, therefore essentially removing it from food web networks.
Nonetheless, dilution is also of major importance for mitigating negative effects of
nutrient input.
Based on the high denitrification rates reported for Tasman Bay (Christensen et al.
2003), there would be little potential for bay-wide dysfunctional ecosystem enrichment
effects to occur even considering possible future increases in catchment nutrient
discharges (e.g. through conversion to nutrient-generating agricultural land uses)
(Gillespie et al. 2011b).
An increased supply of inorganic and/or organic nutrients (particularly the various
forms of nitrogen) can result in impacts associated with over-enrichment as described
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previously. Such impacts are largely mitigated in Waimea Inlet by the rapid tidal
flushing rates. However, localised benthic effects sometimes occur in close proximity
to nutrient enriched freshwater inflows (e.g. Robertson & Stevens 2008). The
associated impacts generally stem from an overgrowth of macroalgae (e.g. Ulva sp.)
or benthic micro-algal and/or bacterial mat development (Gillespie & MacKenzie
1990). Regions of the estuary exposed to storm water or waste water discharges can
be particularly vulnerable to enrichment effects. Problematic phytoplankton blooms
are not likely to occur within Waimea Inlet because the short residence time
ofapproximately 0.6 days (Stevens & Robertson 2010) would not allow sufficient time
for phytoplankton to grow and reproduce prior to being diluted with the incoming tide
and flushed out of the estuary into Tasman Bay.

8.2. Comparison of receiving water nutrient concentrations to
thresholds
8.2.1. Waimea Inlet and Tasman Bay

If we exclude ANZECC (2000) recommendations, which are considered unsuitable for
New Zealand conditions (see Section 7.1.1), we can get a general idea of where the
Bell Island receiving water fits with respect to reported eutrophication thresholds. We
must emphasise, however, that the available data describing water quality
characteristics of the receiving environment are extremely limited and should be
interpreted with care. Comparison of the reported thresholds with average Waimea
Inlet nitrogen concentrations, based on reference site monitoring data (Table 18 and
Table 19), is used here to determine if there may be a capacity for assimilation of
increased nutrients.
Total nitrogen

The average reference site TN concentration for Waimea Inlet, including sites in both
the eastern and western arms (319 mg/m3) falls within the Swedish EPA (2000) range
for ‘low’ eutrophication status (266–350 mg/m3) (Table 18). However, we found a
comparatively lower average TN concentration of 235 mg/m3 for potentially effluentenriched sites down-current from the Bell Island WWTP discharge (2011–2016). This
value equates to a very low eutrophication status with respect to all of the thresholds
used for comparison. The difference between the averaged reference site and
potential impact site concentrations probably reflects the large spatial variation of
nutrient water quality within the estuary as a whole.
The average TN concentration for reference sites and potential impact sites in inner
Tasman Bay (234 mg/m3 and 249 mg/m3, respectively), fall within the Swedish EPA
(2000) range for ‘very low’ eutrophication status (< 266 mg/m3). These concentrations
are consistent with a low-mesotrophic status for inner Tasman Bay according to the
trophic classification scheme for coastal marine waters promoted by Smith et al.
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(1999; see Table 6). The Horizons Regional Council One Plan (2014) lists a range of
water quality ‘targets’ relating to the coastal marine area within the
Wanganui/Manawatu region. Their targets for TN and TP of 60 and 10 mg/m3,
respectively, were considerably lower than thresholds implemented elsewhere for
coastal waters. This is apparently because they were based on the lower average
concentrations expected for waters out to 12 nautical miles offshore. Since this
relatively open eastern North Island coastline contains no partially enclosed bays,
their targets are probably not relevant for inner Tasman Bay.

Table 18.

Summary of concentration thresholds for total nitrogen with comparisons to average Bell
Island WWTP receiving water concentrations. Thresholds relating to toxicity were
excluded as these higher concentrations would not be expected to be achieved within the
coastal receiving environment. Data for Waimea Inlet/inner Tasman Bay are shaded.

Nitrogen
species

Concentration
threshold/receiving water
concentrations
(mg/m3)

Environment
type

Region

Concentrations based
on…

TN

319

Waimea Inlet

Average control site

Waimea Inlet

234

Estuary (SIDEtype)
Estuary (SIDEtype
Coastal water

Average impact site (2011,
2016)
Average control site

249

Coastal water

300

Estuary

Very low < 266
Low 266–350
Moderate 350–490
High 490–756
Very high >756
Very low < 252
Low 252–308
Moderate 308–364
High 364–448
Very high > 448

Surface coastal
waters (may or
may not include
estuaries)

235

Surface coastal
waters (may or
may not include
estuaries)

Inner Tasman
Bay
Inner Tasman
Bay
Southeast
Australia
Europe

Europe

Average impact site (20052016)
To protect from the effects
of nutrient enrichment
For assessing
eutrophication status
(Winter)

For assessing
eutrophication status
(Summer)

Reference

ANZECC (2000)
Swedish EPA
(2002)

Swedish EPA
(2002)

Nitrate

Nitrate concentrations for Waimea Inlet reference sites (82 mg/m3) were marginally
below (i.e. better than) the ‘good’ European threshold range (< 91 mg/m3) and the
‘acceptable’ range determined for Auckland marine waters (105 mg/m3) while those
for potential impact sites (15 mg/m3) were well below the same thresholds (Table 19).
Nitrate concentrations for inner Tasman Bay reference and potential impact sites
(20 and 22 mg/m3, respectively) were also well below threshold values.
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Summary of concentration thresholds for nitrate with comparisons to average Bell Island
WWTP receiving water concentrations. Thresholds relating to toxicity were excluded as
these higher concentrations would not be expected to be achieved within the coastal
receiving environment. Data for Waimea Inlet/inner Tasman Bay are shaded.

Nitrogen
species17

Concentration
threshold/receiving water
concentrations
(mg/m3)

Environment
type

Region

Concentrations based
on…

NOX

82

Estuary (SIDEtype)

Waimea Inlet

Average control site

15

Waimea Inlet

20

Estuary (SIDEtype)
Coastal water

Average impact site (2011,
2016)
Average control site

22

Coastal water

15

Estuary

Southeast
Australia

To protect from the effects
of nutrient enrichment

ANZECC (2000)

Good < 91
Fair 91–126
Poor 126–224
Bad > 224
Acceptable < 105

Transitional
(estuary),
coastal, and
marine water

Europe

‘Thresholds’ for assessing
eutrophication status

EEA (1999)

Marine waters

Auckland

Derived from ranges based
on reference data

Vaughan and
Walker (2015)

NO3-N

NO3-N +
(NO2-N

Inner Tasman
Bay
Inner Tasman
Bay

Reference

Average impact site (20052016)

Ammonium

Concentrations of NH4-N for Waimea Inlet reference and potential impact sites
(36 and 33 mg/m3, respectively) and inner Tasman Bay reference and potential
impact sites (20 and 39 mg/m3, respectively) were all below the threshold suggested
for protection of Auckland estuarine and coastal waters (< 89 mg/m3) (Table 20).

17

Nitrate is by far the major component of all of these species. Therefore, in practical terms, they can be
considered of equivalent magnitude.
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Summary of concentration thresholds for ammonium with comparisons to average Bell
Island WWTP receiving water concentrations. Thresholds relating to toxicity were
excluded as these higher concentrations would not be expected to be achieved within the
coastal receiving environment. Data for Waimea Inlet/inner Tasman Bay are shaded.

Nitrogen
species

Concentration
threshold/receiving
water concentrations
(mg/m3)

Environment
type

Region

Concentrations based on…

NH4-N

36

Estuary (SIDEtype)

Waimea Inlet

Average control site value

33

Waimea Inlet

20

Estuary (SIDEtype)
Coastal water

Average impact site (2011,
2016)
Average control site value

39

Coastal water

15

Estuary

400

Estuary
(SSRTRE-type)

ManawatuWhanganui

Water quality limits to
support a range of values
(e.g. ecosystem,
recreational, cultural, social
and economic)

Horizons
Regional Council
One Plan–2014

60

Coastal water

ManawatuWhanganui

Water quality limits to
support a range of values
(e.g. ecosystem,
recreational, cultural, social
and economic)

Horizons
Regional Council
One Plan–2014

Acceptable < 89

Marine waters

Auckland

Derived from ranges based
on reference data

Vaughan and
Walker (2015)

Inner Tasman
Bay
Inner Tasman
Bay
Southeast
Australia

Average impact site (20052016)
To protect from the effects of
nutrient enrichment

Reference

ANZECC (2000)

Dissolved inorganic nitrogen

The average receiving water DIN concentration for Waimea Inlet reference sites was
above all suggested threshold values for protection of estuarine waters against
eutrophication effects (Table 21). This was somewhat surprising considering that
neither NO3-N nor NH4-N concentrations, the main components of DIN, were elevated
compared to the thresholds. This is likely because the reference dataset used for
calculation of the average DIN concentration for Waimea Inlet was larger (n = 16) and
included additional sampling regions within the estuary. It is important to note that, in
spite of the observations of relatively high DIN concentrations measured in a variety of
locations in the estuary, there are few reported instances of adverse enrichment
effects occurring. These are primarily limited to regions in close proximity to
freshwater inflows or areas of restricted flushing (Stevens & Robertson 2010). Thus, it
appears that adverse effects are largely mitigated by tidal flushing. However the
relatively high average reference site DIN concentration reported here is consistent
with the ‘MODERATE’ vulnerability assessment for nutrient loading suggested for
Waimea Inlet by Stevens and Robertson (2010).
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The average DIN concentration for potential Waimea Inlet impact sites within the
effluent discharge plume (52 mg/m3) was within the NOF ‘good’ threshold range
(25-70 mg/m3), the Plew and Barr ( 2015) ‘low to moderate’ range (28–70 mg/m3) and
the Swedish EPA (2000) ‘very low’ range (< 87 mg/m3).
The average inner Tasman Bay reference site and potential impact site DIN
concentrations (42 and 63 mg/m3), respectively, fell within the Swedish EPA (2000)
‘very low’ range (< 87 mg/m3) for eutrophication status. These comparisons suggest
that mixing characteristics outside the estuary tidal outlets provide sufficient dilution of
estuary waters for assimilation of additional DIN input to inner Tasman Bay without
risk of adverse ecological effects.
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Summary of concentration thresholds for dissolved inorganic nitrogen species with
comparisons to average Bell Island WWTP receiving water concentrations. Thresholds
relating to toxicity were excluded as these higher concentrations would not be expected
to be achieved within the coastal receiving environment. Data for Waimea Inlet/inner
Tasman Bay are shaded.

Nitrogen
species

Concentration
threshold/receiving water
concentrations
(mg/m3)

Environment
type

Region

Concentrations based
on…

DIN

216

Waimea Inlet

Average control site value

Waimea Inlet

42

Estuary (SIDEtype)
Estuary (SIDEtype)
Coastal water

Average impact site (2011,
2016)
Average control site value

63

Coastal water

Excellent < 25
Good 25 – 70
Poor > 70

Estuary

New Zealand

Based on concentrations at
which plant growth (i.e.
nuisance macroalgae and
phytoplankton) maximises
under conditions of light
saturation

NOF

Low <28
Low to Moderate 28–70
Moderate to high 70–210
High >210

Estuary
(SSRTRE-type)

Kakanui
Estuary

Controlling potential
macroalgal (Ulva) growth

Plew and Barr
(2015)

Moderate 200

Estuary
(shallow
drowned valley
or SIDE-type)

Manukau
Harbour

For protection from
excessive algal growth

Manukau Water
Quality Task
Force in James
et al. (2016)

<168

Coastal water

Europe

For assessing
eutrophication status

CSTT (1994,
1997)

Very low <87
Low 87 –118
Moderate 118 –170
High 170 – 424
Very high >424

Surface coastal
water (may or
may not include
estuaries)

Europe

For assessing
eutrophication status

Swedish EPA
(2002)

110–167
(following Zeldis 2009
recommendations)

Estuary
(SSRTRE-type)

ManawatuWhanganui

To support a range of
values (e.g. ecosystem,
recreational, cultural, social
and economic)

Horizons
Regional Council
One Plan - 2014

52

Inner Tasman
Bay
Inner Tasman
Bay

Reference

Average impact site (20052016)

Phosphorus

Phosphorus concentrations are less likely to be associated with elevated enrichment
status in coastal waters than nitrogen concentrations (see Section 8 paragraph 2). We
therefore summarise these along with reported thresholds (Table 22) to provide
context only.
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Summary of concentration thresholds for phosphorus species with comparisons to
average Bell Island WWTP receiving water concentrations. Data for Waimea Inlet/inner
Tasman Bay are shaded.

Phosphorus
species

Concentration
threshold/
receiving water
concentration
(mg/m3)

Environment type

Region

Concentrations based on…

Dissolved
Reactive
Phosphorus
(DRP)

30

Waimea Inlet

Average control site value

Waimea Inlet

6

Estuary
(SIDE-type)
Estuary (SIDEtype)
Coastal water

Average impact site (2011,
2016)
Average control site value

16

Coastal water

5

Estuary

10–15

Estuary
(SSRTRE-type)

ManawatuWhanganui

57

Waimea Inlet

27

Estuary
(SIDE-type)
Estuary (SIDEtype)
Coastal water

38

Coastal water

30

Estuary

Acceptable < 62

Marine water

Very low < 9.6
Low 9.6–16.7
Moderate 16.7–
23.9
High 23.9–31
Very high > 31
Very low < 15.5
Low 15.5–19.4
Moderate 19.4–
24.8
High 24.8–32.3
Very high > 32.3

Surface coastal
waters (may or
may not include
estuaries)

Europe

Surface coastal
waters (may or
may not include
estuaries)

Europe

Total
Phosphorus
(TP)

13

30

Inner Tasman
Bay
Inner Tasman
Bay
Southeast
Australia

Waimea Inlet
Inner Tasman
Bay
Inner Tasman
Bay
Southeast
Australia
Auckland

Average impact site (20052016)
To protect from the effects of
nutrient enrichment
To support a range of values
(e.g. ecosystem,
recreational, cultural, social
and economic)
Average control site value

Reference

ANZECC
(2000)
Horizons
Regional
Council One
Plan - 2014

Average impact site (2011,
2016)
Average control site value
Average impact site (20052016)
To protect from the effects of
nutrient enrichment
Derived from ranges based
on reference data
For assessing eutrophication
status (Winter)

ANZECC
(2000)
Vaughan and
Walker (2015)
Swedish EPA
(2002)

For assessing eutrophication
status (Summer)

Swedish EPA
(2002)

8.2.2. Areal mass loadings

Areal TN mass loading thresholds are summarised in Table 23 and compared with
calculated areal loadings for Waimea Inlet and inner Tasman Bay, based on CLUES
estimates. The Waimea Inlet and inner Tasman Bay TN loading estimates (43 and
7.8 mg/m2/d, respectively) fell within the NOF ‘good’ (10–50 mg/m2/d) and ‘excellent’
(< 10 mg/m2/d) ranges, respectively, and were also below the threshold of 50 mg/m2/d
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proposed for low residence time tidal lagoon estuaries in New Zealand. However, the
NOF thresholds were developed primarily for application in estuaries rather than the
coastal water environment of Tasman Bay. These comparisons suggest that Waimea
Inlet has only limited capacity for assimilation of additional nutrient loading whereas
inner Tasman Bay has a considerably greater capacity for assimilation of additional
nutrients. This is consistent with the high volume and dilution rate within the 30 m
depth contour of the Bay used to calculate areal loading.

Table 23.

Summary of areal TN loading thresholds with comparisons to estimated areal loadings for
Waimea Inlet and Tasman Bay.

Nitrogen
species

Total nitrogen
(TN)

Areal load
threshold/
receiving water
areal load
(mg/m2/d)
42.9
7.8
Excellent < 10
Good 10–50
Fair 50–100
Poor > 100
50

Low < 10
Moderate 10–50
High > 50–250
Very high > 250

Environment type

Region

Loading based
on…

Estuary
(SIDE-type)
Coastal water

Waimea Inlet

CLUES
estimates
CLUES
estimates
To assess
eutrophication

Estuary
(Tidal lagoon and
coastal embayment)
Estuary
(Tidal lagoon—if
residence time is 0.5
to 3 days)
Estuary
(SIDE-type)

Tasman Bay
(< 30 m depth)
New Zealand

New Zealand

To protect
against nuisance
algal blooms

New Zealand

To determine
influence of
nuisance
macroalgal and
seagrass growth

Reference

NOF

Wriggle
(2012) in
James et al.
(2016)
Robertson et
al. (2016a)

Reported areal N loading effects on seagrass habitats vary widely depending on study
location. For clarity, we have converted reported loading examples from the literature
to standard units. Preliminary research has indicated that significant seagrass cover
was only present in New Zealand SIDE-type estuaries when TN areal loads were less
than approximately 100 mg/m2/d and when the intertidal area covered by soft mud
was less than 15% (Robertson et al. 2016a). In coastal waterbodies overseas, loads
of 82 mg N/m2/d have been linked to around 50% reduction in seagrass, while loads
> 274 mg N/m2/d were associated with 100% loss of seagrass (Rees 2009 cited in
Williamson et al. 2017). Latimer and Rego (2010) reported eelgrass loss in New
England (USA) estuaries beginning at nitrogen areal loading above 14 mg/m2/d
(5 g/m2/yr) and eelgrass disappearance at 27 mg/m2/d (10 g/m2/yr). Although there is
considerable variation among these reported values, they suggest that the areal loads
estimated for Waimea Inlet may present some risk to the sustainability of seagrass
meadows in the eastern arm of the estuary.
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9. SEASONALITY OF TREATED EFFLUENT NUTRIENT LOADS
A time series of TN loads, January 2014 to April 2017, discharged from the Bell Island
WWTP (Figure 6, provided by NRSBU) shows some indication of a seasonal signal.
Higher loading rates were generally associated with late autumn, winter and spring
periods with lowest rates occurring in midsummer. The ecological significance of this
pattern is uncertain and it is therefore only possible to comment in general terms.
Dissolved inorganic nitrogen, comprising around 60–80% of the TN loads (based on
receiving water monitoring surveys 2001–2016) would coincide with normally higher
receiving water DIN concentrations and would therefore have lesser relative effect
than during summer when ambient concentrations can be extremely low. Microbial
decomposition of organic nitrogen, comprising around 20–40% of the TN loads and
related oxygen consumption would occur at a slower rate during periods of colder
water temperatures.
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1000
st

Red = compliance sample (1 sample of each month)
Blue = other samples (taken at weekly intervals) plus Condition 12b sampling

Total nitrogen Mass Load (kg/day)

800

600

400

1 Aug to 31 Mar: compliance samples < 600 kg/day at all times
1 Apr to 31 Jul: 7 out of 8 samples < 600 kg/day
1 Aug to 31 Mar: 7 out of 8 compliance samples < 500 kg/day
1 Apr to 31 Jul: median of compliance samples < 500 kg/day
Condition 15A Trigger Level: Oct to Mar, Apr to Sep

200

0
1-Jan-14

Figure 6.

1-Apr-14

1-Jul-14

1-Oct-14

1-Jan-15

1-Apr-15

1-Jul-15

1-Oct-15

1-Jan-16
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1-Jul-16

1-Oct-16

1-Jan-17

1-Apr-17

Time series of treated wastewater TN loads from the Bell Island WWTP (January 2014-April 2017). Red = compliance sample: 1st sample of each
month. Blue = other samples: taken at 1 weekly intervals.

40

CAWTHRON INSTITUTE | REPORT NO. 3077

OCTOBER 2017

10. DEVELOPMENT OF SITE-SPECIFIC NUTRIENT
THRESHOLDS
There are various approaches to assessing the sensitivities of estuarine and coastal
environments to increased nutrients. We acknowledge that nutrient thresholds for a
specific body of water cannot be confidently applied to management decisions without
a robust data set characterising seasonal and inter-annual concentration ranges and
related ecological characteristics. Although comparisons with generalised guidelines
established for other regions are useful in a general sense, it is more informative to
use linked hydrodynamic-nutrient models which take into account processes of
nutrient uptake and flushing. We recommend implementation of a New Zealandderived framework (e.g. ANZECC 2000) for determining site-specific values based on
local reference data. To this end, we suggest that consideration be given to the
design and implementation of a joint NCC/TDC coastal water quality State of
Environment (SOE) monitoring programme with a focus on Waimea Inlet and Tasman
Bay to enable informed management of potential issues associated with multiple
nutrient sources. Such a programme would initiate development of a robust data set
and facilitate a modelling approach for identification of appropriate water quality
thresholds/trigger levels.
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11. FUTURE BELL ISLAND WWTP ENVIRONMENTAL
MONITORING
The proposed TN discharge from the Bell Island WWTP is predicted to increase by
17% over 35 years (Garrett Hall, Stantec, pers. comm.). However NRSBU expects
that improved efficiencies will be achievable to effectively minimise this increase
(Johan Thiart, NRSBU, pers. comm.). Considering the potential 17% increase as a
worst case scenario, and assuming that dilution factors remain the same,
concentrations of contaminants in the effluent plume would not be expected to
increase noticeably beyond present levels (Morrisey & Berthelsen 2017). Monitoring
results to date have not identified any significant benthic or water column ecological
effects of increased nutrients from the WWTP discharge. Since recent hydrodynamic
modelling (MetOcean 2017) indicates that concentrations of estuary nutrients will not
increase progressively over time due to incomplete flushing, we would expect no
changes in ecological characteristics that are dependent on concentrations of
nutrients generated by the discharge. Thus we consider that the existing receiving
water and benthic monitoring design, undertaken at 5-year intervals, will be, for the
most part, sufficient to evaluate any unforeseen changes in ecological enrichment
effects over the proposed 35-year consent period. We recommend adding monitoring
stations to ensure adequate coverage of the mean dilution fields predicted in
MetOcean (2017) figures 4.20 and 4.21. This would entail inclusion of one benthic
monitoring station within the eelgrass habitat bordering the eastern channel down
current from the effluent discharge and one receiving water monitoring station within
the same channel.
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12. CONCLUSIONS AND RECOMMENDATIONS
Although comparisons with generalised guidelines established for other regions are
useful in a general sense for assessing the sensitivities of estuarine and coastal
environments to increased nutrients, we consider it more appropriate to use linked
hydrodynamic-nutrient models, which take into account processes of nutrient uptake
and flushing. There have been a number of frameworks described for identification of
nutrient thresholds for specific coastal environments. We recommend the adoption of
one of these (e.g. ANZECC 2000; see Section 7.2.1) for determining site-specific
thresholds for Waimea Inlet and inner Tasman Bay based on local reference data.
The estimates presented here of the potential for Waimea Inlet and inner Tasman Bay
to assimilate additional nutrients without unacceptable enrichment effects are based
on thresholds implemented elsewhere. These provide useful context in general terms,
however ongoing monitoring will be required to improve confidence in their
interpretation.

12.1. Waimea Inlet
Comparisons of reference site nutrient concentrations in Waimea Inlet and areal
loading estimates with reported national and international standards suggests that
there is little capacity for assimilation of additional nutrients. The enrichment status of
estuarine waters ranged from HIGH (or POOR) to MODERATE, based on the various
reported DIN concentration thresholds implemented elsewhere. Although this has,
thus far, not resulted in a general expression of adverse ecological symptoms, it is
nevertheless consistent with a moderate-to-high vulnerability to such effects through
additional nutrient loading. The present TN loadings to the estuary may also represent
some risk to the sustainability of seagrass beds in eastern Waimea Inlet.
Nutrient concentrations recorded down-current from the Bell Island WWTP discharge
were lower than observed at reference sites in other parts of the estuary, thus
providing a different perspective by way of comparison to the same thresholds. This
suggests the potential for some increase in concentrations of nitrogen species without
exceeding relevant thresholds. For example, based on TN and DIN thresholds,
concentrations of these nutrients could be increased by up to 27% and 35%,
respectively, without exceeding a low eutrophication status.

12.2. Inner Tasman Bay
Comparisons of inner Tasman Bay nutrient concentrations and areal loading
estimates with reported national and international standards suggests that there is the
capacity for this part of the Bell Island WWTP receiving environment to assimilate
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additional nutrients without an expression of adverse enrichment effects. All nutrient
species at reference and potential impact stations were below concentrations that
would be expected to result in an increased incidence of phytoplankton blooms or
problematic benthic algal growths. Based on the average inner Bay TN and DIN
concentrations reported here, these nutrients could possibly be increased by
approximately 24% and 38%, respectively, without causing a shift to beyond a ‘very
low’ overseas threshold for eutrophication status. However, it is important to consider
that any increase in nitrogen concentrations would stimulate plant production to some
degree.

12.3. Future increases in effluent TN loads
Monitoring results to date have not identified any significant benthic or water column
ecological effects due to nutrients discharged from the Bell Island WWTP.
Considering a potential 17% increase in effluent TN discharge loads, and assuming
that dilution factors remain the same, concentrations of contaminants in the effluent
plume would not be expected to increase noticeably beyond present levels (Morrisey
& Berthelsen 2017). Since recent hydrodynamic modelling (MetOcean 2017) indicates
that concentrations of estuary nutrients will not increase progressively over time due
to incomplete flushing, we would expect no changes in ecological characteristics that
are dependent on concentrations of nutrients generated by the discharge.

12.4. Future monitoring
We consider that, with a slight alteration of stations, the existing receiving water and
benthic monitoring, undertaken at 5-year intervals in conjunction with 6-monthly
phytoplankton species composition analyses and water column profile analyses (i.e.
conductivity, temperature, turbidity, dissolved oxygen, salinity, chlorophyll-a), will be
sufficient to evaluate any unforeseen changes in ecological enrichment effects over a
proposed 35-year consent period. We recommend, however, adding monitoring
stations to ensure adequate coverage of the recently updated mean dilution fields
predicted for the Bell Island WWTP discharge MetOcean (2017). This would entail
inclusion of at least one benthic monitoring station within the eelgrass habitat
bordering the eastern channel down current from the effluent discharge and at least
one receiving water monitoring station within the same channel.
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