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Executive Summary

Continuous alum dosing of the Waitangi Stream at Lake Rotoehu commenced in 2011 to
reduce concentrations of dissolved reactive phosphorus in this inflow to the lake and improve
water quality. The Bay of Plenty Regional Council contracted the University of Waikato to
undertake monitoring of biota in the Waitangi Stream for potential impacts due to alum
dosing. Macroinvertebrate community analysis and tissue aluminium concentrations in koura
(Paranephrops planifrons) and goldfish (Carassius auratus) have been undertaken annually
since 2013 to determine the impacts and bioaccumulation of aluminium.

Adult koura and goldfish were collected in October of 2021 and 2022 from Waitangi Stream.
Aguatic macroinvertebrate community sampling was undertaken separately from three
stream reaches in 2021. Macroinvertebrate sampling was not conducted in 2022 and 2023,
along with koura and goldfish sampling in 2023, due to unusually high lake levels inundating
the Waitangi Stream and preventing access to the lake.

The macroinvertebrate community index scores for soft-bottom streams (MCl-sb) were poor
for all three stream reaches but consistent with results from previous monitoring surveys.
Tissue aluminium concentrations of koura collected in 2021 and 2022 were similar to those
observed in previous surveys of the Waitangi Stream, while goldfish gill and liver
concentrations continued a decreasing trend from a peak in 2016. Overall, tissue aluminium
concentrations have remained generally similar to those observed at other alum dosing sites
or control sites. This analysis confirms previous findings that there is no evidence of enhanced
bioaccumulation of aluminium in Lake Rotoehu biota.

3|Page



Table of Contents

EXecutive SUMMATY ...cccocviiiiiiieiieee e e are e e e 3
;1o (S ) A O} 111 oL 4
INtrodUCTION .ccooeiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 6
|\ 11 4 oY I 7
R] (0 Lo Y] PSS 7
2110} = I [ o o1 LT o= 7
TISSUE @NAIYSIS ciiiiieeiee e ettt e e e e e cec e e e s e s e s e e e e e e e e e s e b taereeeeeeeeaansrtaaneaeeeeeaanrrannnes 8
RESUILS e 9
Macroinvertebrate community (MCI-SD) ......coooriiiiiiiiiii e 9
Total tisSUE AlUMINIUM c.ceiieeee e e e e e e e e et e e e e e e e e e e anrreeeeas 10
DISCUSSION. ...eeiiiiiiie ettt e e e e e e e e et eeeeeeeeeeeenns 12
L0003 Te 18 55 (0] 0 - SO 12
AcCKNOWIedZemEntS .........ovviiiieiiiiiie e 12
| S 153 () 0 11 13

4|Page



LIST OF FIGURES

Figure 1. Annual Trophic Lake Index (TLI) and annual alum dosed to Waitangi Stream........... 7

Figure 2. Macroinvertebrate sampling sites downstream of the Waitangi Soda Springs alum
diffuser and a control site on a tributary to the Waitangi Stream. ........ccccceeeiviiieeeinciene e, 9

Figure 3. Annual and long-term MCI-sb scores for three sites on the Waitangi Stream.
Transverse bars are geometric means with 95% confidence limits. Note: Macroinvertebrate
sampling was not conducted in 2022 and 2023 due to high water levels. ........cccccceeeeerrnnnns 10

Figure 4. Aluminium concentrations in tissues of (A) koura and (B) goldfish from Lake
Rotoehu, with comparative values for these species from Lake Rotorua and the alum
receiving zone of the Utuhina Stream (Lake Rotorua tributary). Transverse bars are
geometric means with 95% confidence limits. Note: Goldfish and koura were not collected
T 170 SR 11

5|Page



Introduction

Alum (Aluminium sulphate) dosing is widely used for wastewater treatment and restoration
of freshwater ecosystems through the removal of dissolved phosphorus (Cooke et al. 2005).
At circumneutral pH (6—8), common to most surface waters, alum forms aluminium hydroxide
(AIOH3), a non-toxic white insoluble precipitate which adsorbs dissolved phosphorus,
reducing its availability for phytoplankton growth. However, at high (>8.5) or low (<5.5) pH,
dissolved monomeric (AlI**) and hydroxy aluminium species occur in varying proportions with
respect to acidic (i.e., AI**, AIOH?**, Al(OH),*) and alkaline (i.e., AI(OH)s) conditions, with
increasing toxicity to aquatic organisms. In aquatic animals, aluminium toxicity is primarily
due to disruption of osmoregulation and respiration by dissolved aluminium species at the
gills (Alexopoulos et al. 2003; Gensemer et al. 2018) which are the primary site of gas
exchange, ion transport, and waste excretion in fish and crustaceans (Playle and Wood 1989).

Alum dosing of the Waitangi Stream was initiated in July 2011 to help control phosphorus
loading to Lake Rotoehu. This action was undertaken as part of the Lake Rotoehu Action Plan,
which aimed to lower the lake’s Trophic Lake Index (TLI) from 4.6 (eutrophic) to 3.9
(mesotrophic) (Bay of Plenty Regional Council, 2007). Total phosphorus inputs to Lake
Rotoehu have been estimated at 3.37 tonnes per annum (McBride et al. 2021), and alum
dosing has been estimated to reduce dissolved phosphorus inputs to the lake by up to 0.7
tonnes per annum. Unlike alum dosing of the Lake Rotorua tributaries, which are dependent
on stream flow, the Waitangi Stream is dosed at a standardised rate due to the constant flow
of the springs discharge, although dose rates have varied over time (Figure 1). Alum dosing
was halted in July 2018, then resumed from October 2020 to September 2021, before being
halted again for repair and recertification of the tank and containment bund. However, dosing
was not able to be resumed in 2023 due to high lake levels.

Monitoring for potential ecological impacts of alum dosing on Waitangi Stream has been
undertaken since 2013. In addition to macroinvertebrate community analysis (MCl-sb),
aluminium content in the liver (goldfish) or hepatopancreas (koura), muscle and gills has been
reported by Ling (2015, 2016, 2017, 2021). Koura and goldfish collected downstream of the
alum dosing plant in 2013 showed slightly elevated aluminium concentrations in the gills
indicating enhanced exposure to aluminium, but little evidence for significant
bioaccumulation in tissues. Aluminium concentrations in goldfish liver and gills were highest
in 2016, but not significantly different to goldfish collected from alum dosed Lake Rotorua in
2013 and flesh concentrations were low. Monitoring of macroinvertebrates has found
diversity to be limited, with chironomid larvae and oligochaete worms the most abundant
species, resulting in an MCl-sb classification of poor for both control and treatment sites (Ling
2021). However, it was noted that this result is not unexpected for geothermal streams which
typically show very limited macroinvertebrate communities (Ling 2021).

This report details the results of monitoring conducted by the University of Waikato from the
Waitangi Stream for the years 2021-2023, including macroinvertebrate indices for soft
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bottom streams collected at three sites in the Waitangi Stream, and tissue aluminium
concentrations in the muscle, gills and liver or hepatopancreas of goldfish and koura.
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Figure 1. Annual Trophic Lake Index (TLI) and annual alum dosed to Waitangi
Stream.

Methods

Study site

Lake Rotoehu is a 795-ha lake formed by the Rotoma eruption approximately 8,500 years ago.
Lake Rotoehu is relatively shallow, with a mean depth is 8.2 m and a maximum depth of 13.5
m. The lake has no surface outlet and water exits the lake through a sinkhole in one of the
northern lake arms and may have other subsurface outlets (Bay of Plenty Regional Council,
2007). The alum dosing plant was constructed on the major surface inflow to Lake Rotoehu,
the Waitangi Stream, which comprises the geothermal Waitangi Soda Springs and nearby
additional spring inflows that collectively discharge approximately 0.5 m3 s,

Biota sampling

Adult koura (Paranephrops planifrons) and goldfish (Carassius auratus) were collected in
October of 2021 and 2022 from Waitangi Stream by lan Kusabs. Ten samples from each
species were frozen and supplied to the University of Waikato for tissue analysis. Samples
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were not collected in 2023 due to exceptionally high lake water levels preventing access to
the lake.

Aquatic macroinvertebrate community analysis (MCl-sb) was undertaken separately to
collection of koura and goldfish from three stream reaches indicated in Figure 2. As a control
site was unavailable upstream of the alum diffuser, samples were taken from a tributary
stream that joins the Waitangi Stream 140 m downstream of the alum diffuser. Sampling and
analysis were carried out as prescribed for soft-bottomed streams by Stark et al. (2001).
Briefly, a 0.5 mm mesh, 0.3 m-wide D-net was used to provide ten replicated 1-m sweeps
through representative stream bank habitat, sampling a total area of approximately 3 m? at
each site. Macroinvertebrate diversity was examined at each of the three stream reaches to
provide a value for the macroinvertebrate community index for soft bottomed streams (MCl-
sb) according to Stark & Maxted (2007). Samples were preserved in isopropyl alcohol until
sorting and enumeration. Macroinvertebrate sampling was not able to be undertaken in 2022
and 2023 due to high water levels.

Tissue analysis

Samples of liver (goldfish) or hepatopancreas (koura), flesh and gills were carefully dissected
using acid-washed instruments. A suite of 28 elements was measured in samples based on
established methods (USEPA, 1987). Samples were dried at 60°C for 72 hours to constant
weight, weighed to the nearest 0.1 mg, and digested using tetramethylammonium hydroxide,
heat (60°C) and mixing. The colloidal suspension was then cooled in ice and partially oxidized
by the addition of cooled hydrogen peroxide and allowed to oxidize overnight at 4°C. Metals
were solubilized by acidification with nitric acid and heating (90°C for 2 hours). After cooling
to room temperature, samples were diluted and filtered prior to analysis by inductively
coupled plasma mass spectrometry (ICP-MS) by the University of Waikato Mass Spectrometry
Facility. All tissue element concentrations were determined on a dry weight basis. Method
blanks and matrix certified reference material standards (DOLT and DORM; Canadian
Research Council) were run in parallel with all samples. Only results for aluminium are
presented here.
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Figure 2. Macroinvertebrate sampling sites downstream of the Waitangi Soda
Springs alum diffuser and a control site on a tributary to the Waitangi Stream.

Results

Macroinvertebrate community (MCl-sb)

Macroinvertebrates were not sampled from the Waitangi Stream in 2022 and 2023 due to
high water levels in the lake inundating the stream and raising the water level by
approximately 2 m. For 2021, the macroinvertebrate community index scores for soft-bottom
streams (MCIl-sb) were classified as poor for all three monitoring sites (Figure 3), with
chironomid larvae and oligochaete worms the most abundant taxa.
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Figure 3. Annual and long-term MCI-sb scores for three sites on the Waitangi
Stream. Transverse bars are geometric means with 95% confidence limits. Note:
Macroinvertebrate sampling was not conducted in 2022 and 2023 due to high
water levels.

Total tissue aluminium

Aluminium concentrations in goldfish liver and gill tissues were lower in 2021 and 2022
compared to previous years, although there was no change in flesh concentrations (Figure 4).
Aluminium concentrations in koura flesh and hepatopancreas collected in 2021 and 2022
were somewhat elevated compared to previous years (cf. 2019 and 2020) but were generally
within the range of concentrations observed in specimens from lakes Rotoehu, Rotorua and
the alum dosed Utuhina Stream (Figure 4). Despite some inter-annual variation, the
distribution of tissue aluminium concentrations in koura has remained relatively consistent
within tissue types, while goldfish liver and gill tissue concentrations have been variable over
time.
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Figure 4. Aluminium concentrations in tissues of (A) koura and (B) goldfish from
Lake Rotoehu, with comparative values for these species from Lake Rotorua and

the alum receiving zone of the Utuhina Stream (Lake Rotorua tributary).

Transverse bars are geometric means with 95% confidence limits. Note: Goldfish

and koura were not collected in 2023.
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Discussion

Macroinvertebrate sampling was not conducted in 2022 and 2023 due to inundation of the
Waitangi Stream from Lake Rotoehu. The 2021 MSI-sb scores were similar to previous years
with species primarily limited to chironomid larvae and oligochaete worms, both of which are
highly tolerant of poor water quality and extreme physicochemical conditions associated with
inflow from the geothermal Waitangi Soda Springs (Armitage et al. 1995; Stucker et al. 2023).

Potential correlations between alum dosing rates and tissue aluminium concentrations were
not investigated due to the large degree of sample variation and the large uncertainty in
subject exposure rate and duration. It is also possible that changes in environmental
conditions not related to alum dosing such as geothermal inflows, water level or may
vegetation have an influence on tissue aluminium concentrations (Sprenger and Mclntosh
1989; Howells et al. 1994). Because the gills are the main site of uptake for water-derived
aluminium uptake in fish, concentrations in gill tissue are generally higher than any internal
tissue (Howells et al. 1990). Acute toxicity of aluminium due to respiratory and ionoregulatory
effects on gills typically only occurs at water pH values below 5.2, which is well below that
expected in waters of Lake Rotoehu (pH range 6.9-9.2 over the study period).
Bioaccumulation of aluminium through ingestion is limited as it generally occurs under
circum-neutral pH where monomeric aluminium does not form (Gensemer et al. 2018). In
addition, aluminium levels in the flesh of goldfish and koura have remained comparatively
unchanged over time and similar to those observed at other alum dosing sites or control sites.

Conclusions

Despite the near cessation in alum dosing to the Waitangi Stream in 2021-2023 there have
been no notable changes in MCI-sb or tissue aluminium concentrations in goldfish and koura
collected from Lake Rotoehu. Addition of alum to the Waitangi Soda Springs inflow is
therefore likely to have less than minor effects’ on Lake Rotoehu biota in the long-term.
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