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| ANTONIUS HUGH SNELDER, Director, Christchurch affirm:

1 My full name is Antonius Hugh Snelder.
2 | am a Director of Land Water People Limited.
3 | am authorised to make this affidavit on behalf of the Southland

Regional Council.

4 | have the qualifications and experience set out in my Statement of
Evidence dated 14 December 2018 at paragraphs [3]-[6].

Code of Conduct

5 | confirm that | have read the Code of Conduct for expert witnesses as
contained in the Environment Court Practice Note 2023. | have complied
with the Code of Conduct when preparing my evidence.

6 The data, information, facts and assumptions | have considered in
forming my opinions are set out in my evidence. The reasons for the
opinions expressed are also set out in my evidence.

7 Other than where | state | am relying on the evidence of another person,
my evidence is within my area of expertise. | have not omitted to
consider material facts known to me that might alter or detract from the
opinions that | express.

Scope of affidavit

8 | prepared a statement of evidence in this proceeding dated 19 June
2023. By this affidavit, | confirm that the contents of my statement of
evidence attached as Exhibit 1 to this affidavit are true and correct to
the best of my knowledge and belief.

AFFIRMED at Christchurch )
this 21t day of July )
2023, before me: ) R I o ond BER

tonius Hugh Snelder

J Yee
Dzputy Registrar
High Court

eftor/Deputy Registrar of the High Court of New Zealand
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Introduction

My full name is Antonius Hugh Snelder.

| am a director of LWP Ltd and consultant/researcher in the field of water
and land resources management. My qualifications and experience are
set out in my Statement of Evidence dated 14 December 2018 at
paragraphs [3]-[6].

| have been engaged by the Southland Regional Council to prepare
evidence for these proceedings, specifically to address what is meant by
nitrogen (N), total nitrogen (TN), dissolved inorganic nitrogen (DIN),
phosphorus (P), total phosphorus (TP) and dissolved reactive
phosphorus (DRP). My evidence also addresses what the DIN and DRP
maps convey.

Code of Conduct

4

| confirm that | have read the Code of Conduct for expert witnesses as
contained in the Environment Court Practice Note 2023. | have complied
with the Code of Conduct when preparing my written statement of
evidence and will do so when | give oral evidence.

The data, information, facts and assumptions | have considered in
forming my opinions are set out in my evidence. The reasons for the
opinions expressed are also set out in my evidence.

Other than where | state | am relying on the evidence of another person,
my evidence is within my area of expertise. | have not omitted to
consider material facts known to me that might alter or detract from the
opinions that | express.

Forms of Nitrogen and Phosphorus

7

At the outset, | note that as | am not a chemist, the explanation | offer
below is a high-level explanation. However, the explanation is sufficient
to understand why water quality scientists, and why my assessment of
degraded catchments in particular, distinguishes the different forms of
nitrogen and phosphorus.

Nitrogen (N) and phosphorus (P) occur in the environment in different
forms. Water quality scientists distinguish between forms of N and P
because they have different implications for impacts on ecosystem
health.
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Generally, the forms of N that water quality scientists distinguish are
Ammoniacal Nitrogen (NH4-N), Nitrate-Nitrogen (NO3-N), Nitrite-
Nitrogen (NO2-N), Organic Nitrogen (Nitrogen in amino acids and
proteins), and Total Nitrogen (TN).

Generally, the forms of P that water quality scientists distinguish are
Dissolved Reactive Phosphorus (DRP) and Total Phosphorus (TP).

Total Nitrogen (TN) and Total Phosphorus (TP) refers to the sum of all N
and P forms in a water sample or in an environment. That is:

(@) TN = Ammoniacal Nitrogen (NH4-N) + Nitrate-Nitrogen (NO3-N), +
Nitrite-Nitrogen (NO2-N) + Organic Nitrogen.

(b) TP = Dissolved Reactive Phosphorus (DRP) + particulate
Phosphorus.

All forms of N and P are nutrients for algae in rivers, lakes and estuaries
in the right circumstances.

The dissolved inorganic forms are easily taken up by algae and are
therefore often referred to as the “bio-available” forms of N and P.

Organic Nitrogen and the particulate component of Phosphorus are not
immediately bio-available. These forms must be broken down into
inorganic forms before they are bio-available and the breaking-down
process takes time.

The dissolved inorganic forms of N and P are often considered to be
more important in rivers. This is because when water is moving rapidly,
algae that is attached to the riverbed (i.e., periphyton) can only utilise the
bio-available forms of N and P.

In lakes and estuaries, the Total Nitrogen (TN) and Total Phosphorus
(TP) are often considered to be most relevant measures of N and P.
This is because water is retained in these systems for longer periods of
time than rivers. The retention time provides for the break-down of
organic forms of N, and the non-dissolved component of P, into
dissolved forms. Therefore, in terms of impacts on ecosystem health, the
total amount of N and P is generally considered relevant for lakes and
estuaries.
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| also note that Ammoniacal Nitrogen and Nitrate-Nitrogen are toxicants.
This means that these forms of N are of interest because of their
potentially toxic effects, irrespective of the type of environment.

DIN and DRP maps
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| understand that the Court has asked for clarification as to what the DIN
and DRP maps convey.

The maps of the catchments of degraded water bodies identify the
catchments upstream of all water bodies that are designated as being
degraded as described in my Statement of Evidence dated 11 February
2022.

Individual maps were prepared for several attributes. Appendix 1 to my
Statement of Evidence dated 11 February 2022 included maps for DIN,
DRP, suspended sediment, E.coli, MCI, TN and TP."

In order to be mapped, attributes had to meet two criteria:

(a) First, the attribute had to have been identified by the water quality
experts involved in the JWS Water Quality and Ecology dated 17
October 2019 (JWS). The water quality experts identified
thresholds that define a degraded state for each of the attributes
listed in the JWS.

(b) The second criteria for mapping an attribute was that its current
state had to be able to be predicted for all water bodies in the
region using an appropriate model. There are two reasons for this:

(i)  First, measurements of the current state of attributes are
made only at a small number of monitoring sites across the
region.

(i)  Second, maps must be comprehensive and consistent, and
therefore cannot be based on information pertaining to a
small number of locations. Models are therefore used to
predict the current state of attributes at locations that are not
monitored. These models are calibrated with the available
monitoring data. The model predictions are therefore the

1

Statement of Evidence of Dr Antonius Snelder on behalf of the Southland Regional
Council — Water Quality dated 11 February 2022, Appendix 1, pages 25-31.



22

23

24

25

best assessments of current attribute state we can make with
the existing information.

The water quality experts involved in the JWS identified DIN and DRP as
attributes for rivers because they are nutrients that stimulate the growth
of algae. When high algal growth rates are possible, there are impacts
on ecosystem health and therefore thresholds for these two nutrients are
used to define degraded and not-degraded rivers as set out in Table 1 in
my Statement of Evidence dated 11 February 2022.2

The maps of the catchments of degraded water bodies that pertain to
DIN and DRP maps therefore indicate the catchments upstream of river
locations that are predicted (by models) to exceed the degraded
threshold shown in Table 1 of my Statement of Evidence dated 11
February 2022.2 The details of the statistical models that were used to
make the predictions are also described in my Statement of Evidence
dated 11 February 2022.4

The DIN and DRP maps therefore represent the best assessment we
can make of catchments of river segments that can be considered
degraded with respect to these two nutrients.

The geographic differences in area based on mapping TP as opposed to
DRP, and TN as opposed to DIN, can be observed in the attached maps
of each contaminant.

Statement of Evidence of Dr Antonius Snelder on behalf of the Southland Regional
Council — Water Quality dated 11 February 2022 at page 13.

Statement of Evidence of Dr Antonius Snelder on behalf of the Southland Regional
Council — Water Quality dated 11 February 2022 at page 13.

Statement of Evidence of Dr Antonius Snelder on behalf of the Southland Regional
Council — Water Quality dated 11 February 2022 at [30]-[37].



DATED this 19" day of June 2023

Dr Antonius Hugh Snelder



Maps of TP, DRP, TN, and DIN
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