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1. Introduction

11 Background

The Lake Hphinstone Alliance in conjunction with Nebo Shire Councl commissioned the development of a
Management Plan for Lake Elphinstone in an effort to improve the physical condition and recreational opportunities
associated with the water body. Funding to develop the plan was provided by the Regional Arts Development Fund.

12  Site Description

The study site is located in Nebo Shire approximately 30 kilometres by road southeast of the town of Glenden (see
Hgure 1-1) and 105 kilometres southwest of Mackay. The Lake can be accessed from the Suttor Developmental Road.

Fgure 1-1 Location map

13 Physical features

Lake Elphinstone is a naturally occurring water body approximately 3.5 kilometres long and approximetely 1 kilometre
wide at the centre. Anna Creek is the main source stream of Lake Elphinstone. The lake is ‘confined’ by the
Carborough Range. Owverflow from the lake passes through a gorge in the range cut by Anna Creek, which
subsequently joins the Isaac River approximately fifteen kilometres downstream of the lake’'s mouth. In 1967 the lake
was described as “a shallow freshwater lake some 550 acres in extert, forming a small elevated drainage basin within
the Carborough Range” (Skerman and From 1967, p.3).

The catchment of the lake is approximately 28 square kilometres [7 kilometres by 4 kilometres] i.e. 2,800 hectares or
7,000 acres (see Figure 1-2). The area of the lake itself is approximately 3 square kilometres i.e. 300 hectares or 750
acres. The lake has a perimeter of approximately 8 kilometres. The lake varies in depth with an average depth at full
capacity of 3 metres. At full capacity the lake contains approximately 9,000 megalitres of weter.

-1-



Lake Elphinstone Management Plan, Nebo Shire, Central Queensland

The Maths (approximation only):
Lake area is approximately 3 square kilometres = 300 hectares. One hectare is 10,000 sguare metres so the

area of Lake Elphinstone is approximetely 3,000,000 square metres. Multiply the area by the average depth of

water (3 metres) gives a volume of 9,000,000 cubic metres.
1 megalitre = 1,000 cubic metres so 9,000,000 cubic metres is equivalent to 9,000 megalitres.

Hgure 1-2 Lake Elphinstone Catchment
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With the exception of the area in the vicinity of the Carborough Range the gradient in the mgjority of the catchment of
lake Elphinstone is gentle at between 1:100 and 1:501.e. 1to 2%slopeor <1.

Hgure 1-3 Lake Elphinstone from the Air

Source: Department of Natural Resources and Mines 2000
Notes:



14  Geology
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The geology of Lake Elphinstone is uncomplicated and defines the current physical characteristics of the area (see
Fgure 1-4). The Carborough Range, composed of quartz sandstone, is more resistant to weathering than the Rewan
Formation underlying the lake (see Table 1-1). The older (Permian) coal measures are located to the northeast of the
lake with the border between the two formations approximating the watershed of the Lake Elphinstone catchment and

Bee Creek catchment.

Fgure 14 Geology of Lake Elphinstone

Source: Mt Coolon 1:250,000 Geological Series
Table 1-1 Geology Around Lake Elphinstone

Cainozoic Cz Allwvium, soil, sand, laterite, lateritic soils and gravels
o | Rr | Rewan Green lithic sandstone, pebble conglomerate, red and green
o o | 8 Formation mudstone
N 2 | O [Re | Clematis Quartz sandstone feldspathic in places, conglomerate
§ ﬁ i Sandstone
a é Rm | Moolayermber Micaceous lithic sandstone, calcareous in places, and
Formation micaceous siltstone, fossiliferous
Puw | Blackwater Lithic sandstone, calcareous in places, siltstone, carbonaceous
Permian Group shale, coal, conglomerate, tuff, ashstone, rhyolite, porphyritic
add to intermediate sills, fossiliferous

Source: Mt Coolon 1:250,000 Geological Series

15 dimate

Officia climatic figures are available for Moranbah, which is approximately 60 kilometres south west of Lake
Elphinstone. Mean temperature and rainfall information for Moranbah is provided in Figure 1-5.

The mean annual rainfall at the Moranbah weather station is 589.6 mm with approximately 70%falling in the five
months from Novermber to March inclusive. On average Septermber is the driest month with less than 10 mm of rainfall.
Rainfall is variable over time and across the region. Storm activity can result in heawy falls in the storm path with nearby
areas receiving virtually no rain. A summary of relevant climetic data from the Moranbah weather station is provided in

Table 1-2.



Hgure 1-5 Moranbah Climate Data
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Moranbah Rainfall and Temperature
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Source: Bureau of Meteorology, online, Available: http:/Ammw.bomgov.au
Notes: Climate averages for Station: 034038 at Moranbah Water Treatment Plant. Readings commenced: 1972; last record: 2004.
Latitude 21.9947 degrees South; Longitude 148.0308 degrees East.

Table 1-2 Moranbah Cimate Information

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec |Annua

Max temp A2 B2 P23 205 264 287 286 252 204 3R2 3 VB 297
Min temp 20 218§ 201 179 144 11 97 111 139 176§ 195 211 167
Monthlyrain| 948 905 527 367 304 188 171 249 8§ 375 696 996 584
High rain 315 316.2 268 271 19%.6 553 1036 2473 394 1466 2203 3182

Lowrain 94 0.3 12 0 0 0 0 0 0 0 0 4.6

Clear days 58 4.2 84 102 121 15 174 174 177 149 104 74 1409
Cloudy days 89 101 14 1.7 8.1 6.4 4.7 4.1 2.1 4.7 6.6 83 79
Hdailyrain | 1204 1508 164.8 1438 58 388 60 1508 204 738 86 116 1648
Daily evap 85 7.7 7.2 58 43 36 38 49 6.7 8 8.6 8.7 6.5

Source: Bureau of Meteorology, online, Available: http:/Awwv.bom.gov.au
Notes: Max temp and Min temp are daily mean in degrees Celsius. Monthly rain is mean monthly rainfall in millimetres. High rain
and Low rain are highest and lowest recorded monthly rainfall in millimetres. Clear days and Cloudy days are mean nurmber of

clear or cloudy days per month. H daily rain is the highest daily rainfall recorded. Daily evap is the mean daily evaporation rate in

millimetres.

The ather main population centres in the vicinity of Lake Elphinstone, in a straight line, are Nebo; approximately 50
kilometres southeast and Glenden; approximately 25 kilometres northwest. There is limited rainfall data for Glenden,

the closest township to Lake Elphinstone. The available annual rainfall informetion is provided in Table 1-3 with

monthly averages illustrated in Figure 1-6.
Table 1-3 Glenden Annual Rainfall

Year

1999

2000

mm

713.5

752

248.75

301.75

504

520.5

506.75
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Fgure 1-6 Glenden Mean Monthly Rainfall

Mean monthly rainfall Glenden
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Nebo has rainfall figures for a greater period of time and therefore the averages could be expected to more
representative. The mean monthly rainfall for Nebo is provided in Figure 1-7. Mean annual rainfall for the 30 year
period recorded is 763 mm. Even though the rainfall figures for Glenden reflect the dryer than average period that has
prevailed in recent years the rainfall pattern is similar to that of Nebo and Moranbah with the mgjority of the rainfall for
the year occurring between October and March (Nebo 76% and Glenden 83%).

Fgure 1-7 Nebo Rainfall

Mean monthly rainfall Nebo (1936-1966)
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The rainfall figures from Lake Elphinstone Station would be more useful in the context of a management plan for Lake
Elphinstone. Those figures were not available at the time this plan was developed.

16 Aboriginal Cultural Heritage

There s little doult that Lake Elphinstone would have been a significant natural resource for the Aboriginal people of
the area. As such it would have cultural significance also as natural resources and cultural values are inextricably
interlinked.
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As one of the only almost permanent water bodies in the region it would have been frequently visited as part of normal
activities and would have been particularly important as a refuge in dry periods. Lake Elphinstone would have been a
significant part of the local and regional Aboriginal ‘economy’ through provision of food and water resources.

From European maps of the country occupied by Aboriginal tribes it appears that Lake Elphinstone was a meeting
point of the country of the Jangga, Bama and Wiri people and may therefore have been a common resource of the
three dlans of the Birri Gubba Language Nation. Rock art paintings are known to exist at Burton Downs and near Lake
Elphinstone. Some of these sites were the subject of study from 1996 (Watchman 1999).

From historic witings it appears that the mejority of the Aboriginal people of the area, within the 60 years from 1860,
were either killed by European settlers or native police, died of introduced diseases, fled their country or were
‘relocated’ to Townsville (Mayes 1991).

Hgure 1-8 Aboriginal Rock Art Near Lake Elphinstone

Source: Mayes 1991

A search of the Cultural Heritage Database and Register (Department of Natural Resources and Mines 2005) provided
the resullts for Lot 18 on SP104452 listed in Table 1-4. The same search for Lot 16 on WHSA51 found no Aboriginal
cultural heritage recorded.

Table 1-4 Cultural Heritage Search Results Lot 18 on SP104452

Site ID Site Longitude E Latitude S
GHAI10 Dwelling — Sandstone slab 148.19772 21.56015
GH.J12 Artefact 148.22718 21.54901
GH.J13 Artefact 148.20335 21.56712
GH.J14 Artefact 148.20068 21.56779
GH.J15 Artefact 148.20725 21.56217
GH.J16 Artefact 148.18869 21.57512
GH.J17 Artefact 148.19897 21.54951
GH.J18 Artefact 148.20649 21.55265
GH.J19 Artefact 148.18783 21.54237

17 European History

The first European explorer to traverse Nebo Shire was Ludwig Leichhardt in 1845. If not for the ‘good’ season during
his joumey with ‘plenty’ of water in the creeks his party may have discovered Lake Elphinstone earlier in the history of

-7-
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the region. As it was his party followed another tributary of the Isaac River and finding water in advance the party
continued on that path.

George Hphinstone Dalrymple named Lake Hlphinstone on his journey through the country to the Burdekin in
September 1859 (see Fgure 1-9). While scouting for the Isaac River to follow to the Suttor and eventually the Burdekin
Dalrymple and companion Earnest Henry came across Lake Elphinstone, which Henry described as “About three miles
in length, and from half to three quarters of a mile in breadth” (Mayes 1991, p.37). The expedition party moved canp to
the lake and stayed there for three days. Henry again mentions the lake in his letters as an area abundant with wildlife.
He writes, “On one occasion | shot four ducks and two coots with one barrel, so you can imagine what numbers there
were. The black ducks were the largest any of us had seen, one in particular that | shot was enormous.” (Mayes 1991,
p.39).

Fgure 1-9 Dalrymple's Journey via lake Elphinstone

Source: Mayes 1991 (p.40)

The town of Lake Elphinstone was naturally enough named after the lake and consisted of 12 portions with ten
allotments to each portion. The town, gazetted in 1885 and surveyed in 1886, was apparently “established round an
existing pub”. At the time it “was about two days joumey on the track from Nebo to the north” (Mayes 1991, p. 56) (see
Hgure 1-10).

The town also had a blacksmith, a saddler, a general store and a butcher. The town never reached its full ‘potential’
with none of the blocks north of BEwan Street being sold. Records show that the Reserves, while gazetted, where not
taken up. “The town did good business for a couple of years and then collapsed’ (Mayes 1991, p. 56). The town
returned to being part of Lake Elphinstone Station with no remains of the town being visible today.

Lake Hiphinstone Station was established as a sheep run in the early 1860s and had as one of its main ‘water holes’
Lake Elphinstone. Sheep eventually gave way to beef cattle after spear grass came to dominate the native pasture.
The area has been used for grazing of one type or ancther for approximetely 140 years.
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Hgure 1-10 Lake Elphinstone Township

(Source: Attachment to CEO's Report to Council General Meeting 28 March 2002 - with modifications, extracted from Mayes 1991)

18 Social Aspects

The lake has been an important feature of the district following European settlement with the establishment of one of
the earliest sheep runs and a township. The lake would have been an important watering point for travelling stock
during the late 1800s and early 1900s.

In more recent years with the development of the coalmines and the establishment of the town of Genden the lake has
become afocal paint for recreation and tourism

“There is usually enough water in the lake to allow various water sports, and in 1988 an amenities block was erected
on the westemn side providing excellent facilities for day trippers. This project was co-ordinated by the Nebo Shire
Council with Mount Isa Mines Limited granting financial assistance and members of the Lake Elphinstone Ski Club
providing the building labour’ (Mayes 1991, p. 73)

As a key recreational area in the vicinity of Glenden the lake has been used for special events some incorporating fund
raising activities for charitable purposes. An example of the importance of the lake to the local community can be
gauged by the success of the 2001 Ski and Rodeo Challenge, which raised approximately $68,000 for the CQ rescue
helicopter service.
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Hgure 1-11 Management Plan Area-Lake Blphinstone Catchment
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2. Current situation

21 Generd

Lake Hphinstone is recognised as a key natural resource asset of the Nebo Shire and is one of the Shire’'s main
recreational area with listings on ‘tourism’ websites and in travellers’ guides. Lake Elphinstone is also listed on the
National Register of Important Wetlands in recognition of its environmental values. Management of the lake needs to
take into account the environmental and social elements to achieve a sustainalle outcome. Utimately the management
of the ervironmental elements will determine the management of the social components and this needs to be
recognised as the underlying principle when developing management options. The current environmental and social
situation with regard to Lake Elphinstone is summarised below.

22 Hora

221 Regiona Ecosystems

Regional Ecosystems are described for biogeographical regions (bioregions) and are used as the basis for
administering vegetation management legislation, and to some extent environmental legislation, in Queensland. Nebo
Shire and Lake Elphinstone are in the Brigalow Belt (North) bioregion, which extends from Townsville to Emerald. The
Regional Ecosystems in the vicinity of lake Elphinstone are described in Table 2-1 and are illustrated in Figure 2-2.

The predominant regional ecosystems in the vicinity of the lake consist of wetlands and associated vegetation (RE
11.8.27) and grassy Eucalypt woodlands (REs 11.10.12 and 11.9.9). A significant amount of the vegetation around the

lake has been deared or thinned in the past and this reflected on the Regional Ecosystem map (see Fgure 2-2), which
describes the area as ‘Cleared.

Fgure 2-1 Wetland and Open Wbodland Dominated Regional Ecosystems

-11-



Lake Elphinstone Management Plan, Nebo Shire, Central Queensland

Fgure 2-2 Regional Ecosystems Around lake Elphinstone

11.8.7/11.9.8
0/10

(Source: EPA online, Available:
http:/Amwv.epa.ald.gov.au/nature_conservation/biodiversity/regional_ecosystems/introduction_and_status/regional_ecosystem ma
ps/)
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Table 2-1 Regional Ecosystems in the Vicinity of Lake Elphinstone

RE No.

Description

Status

11325

Eucalyptus camaldulensis or less often E. tereticomis openforest to woodland. Other tree
spedes such as Casuarina cunninghamiana, Melaleuca bracteata, Callistermon viminalis, and
Angophora floribunda are commonly present and may be locally dominant. Finges mgjor and
minor stream channels on Cainozoic alluvial plains.

[&q

11.327

Freshwater wetlands. \egetation is variable induding open water with or without aquatic species
and fringing sedgelands and eucalypt woodlands. Occurs in a variety of situations including
lakes, hillabongs, oxbows and depressions on floodplains.

[OC]

1192

Eucalyptus melanophloia and/or E. orgadophila grassy woodland to operrwoodland on
Cainozoic to Proterozoic consolidated, fine-grained sediments. Occurs on rises on undulating
plains with cracking clay sails.

[NOC]

11.95

Opentforest dominated by Acacia harpophyila and/or Casuarina cristata. Open-forest dominated
by C. cristata is more common in southem parts of the bioregion. A prominent low tree or tall
shrub layer dominated by species such as Geijera panviflora and Eremophila. mitchellii, and often
with semi-evergreen vine thicket species is often present. The latter incdlude Hindersia
dissosperma, Brachychiton rupestris, Excoecaria dallachyana, Macropteranthes leichhardtii and
Acalypha eremorum in eastern areas, and species such as Carissa ovata, Onenia adidula,
Croton insularis, Denhamia oleaster and Notelaea microcarpa in southwestern  areas.
Melaleuca bracteata may be present along wetercourses.

Occurs on Cainozoic to Proterozoic consolidated, fine-grained sediments. The topography
includes gently undulating plains, valley floors and undulating foot slopes and rarely on low hills.
The soils are generally deep texture-contrast and cracking clays. The cracking clays are usually
black or grey to brown or reddish-brown in colour, often self mulching and sometimes gilgaied in
flatter areas. Some texture contrast sails are shallow to only moderately deep.

END
[END]

11.98

Macropteranthes leichhardtii thicket on Cainozoic to Proterozoic consolidated, fine-grained
sediments. Lowlands.

END
[END]

11.99

Eucalyptus crebra grassy woodand on Cainozoic to Proterozoic consolidated, fine-grained
sediments. Eucalyptus moluccana sometimes conspicuous on lower slopes.

[NOC]

11.104

Eucalyptus decorticans predominates forming a distinct but discontinuous canopy (25-30m
high). Eucalyptus decorticans usually forms pure stands, however other Eucalyptus spp. often
form part of the canopy and dominate Other tree species that may be present and/or dominant
include Acacia shirleyi, Angophora leiocarpa, Callitris glaucophylla, Eucalyptus apothalassica,
Lysicarpus angustifolius, E. exserta, E. fibrosa subsp. nubila, E panda, E. tenuipes, C.
trachyphloia, and E. virens. On very rocky shallow soils, Eucalyptus bakeri, E. curtisii or E. viridis
may occur. Acacia shirleyi is the most frequent tall shrub, although other Acacia spp may be
locally dominant. There is usually a low tree or tall shrub layer dominated by spedies such as
Acacia sparsifiora, A burrowii, Callitris endicheri, Allocasuarina inophloia, Acacia spp.,
Eucalyptus tenuipes, Alphitonia excelsa and Petalostignma pubescens. A low shrub layer is not
usually present, however where it occurs Acadia spp. and Dodonaea triangularis usually
predominate. The ground layer is sparse to open, and dominated by perennial grasses, usually
Avistida spp. or Arundinella nepalensis.

Occurs on crests and upper slopes of ranges formed from Cainozoic to Proterozoic
consolidated, medium to coarse-grained sediments with shallow sails.

[NOC]

11.10.7

Eucalyptus crebra and/or E. melanophloia  E. populnea shrubby woodland. Acacia spp. and
Eremophila mitchellii are common components of the mid layer. Occurs on Cainozoic to
Proterozoic consolidated, mediumto coarse-grained sediments.

NOC
[NOC]

11.10.12

Eucalyptus populnea grassy woodland sometimes with a shrubby understorey dominated by
species such as Eremophila mitchellii, Callitris glaucophylla. Occurs on lower slopes of low hills
with shallow sails formed from Cainozoic to Proterozoic consolidated, medium to coarse-grained
sediments.

NOC
[NOC]

(Source: EPA Regional Ecosystem Directory Database online. Available:
http:/Awwv.epa.qld.gov.auw/nature_conservation/biodiversity/regional_ecosystems/how to download redd/ current August 2004)

Notes: Status is vegetation management status under the Vegetation Management Act 1999 and the status in [square brackets] is
Biodiversity status. END is endangered, OC is Of Concern and NOC is Not of Concern at present.

-13-
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A table of the main species occurring in each of the regional ecosystems in the vicinity of Lake Hphinstone is included
in Appendix B.

Some of the recorded ecological values and comments about the regional ecosystems are included in Table 2-2.
Table 2-2 Comments and Ecological Values of Regional Ecosystems

RE Number | Ecological Values and Comments

11.325 Eco Values - Habitat for rare and threatened flora species including Eucalyptus raveretiana. Shown to
be associated with high fauna species richness in the Taroom area (Venz et al. 2002).

11.3.27 Eco Values - Habitat for a diverse range of fauna species (Venz et al. 2002) particularly birds.
Hydrocharis dubia is a wulnerable waterplant that occasionally occurs in this RE. The rare and
threatened Aponogeton queenslandicus may occur in examples of this RE on heawvy clays.

1192 Comments - Intergrades with grasslands (11.9.3) in many areas.

1195 Comments - Extensively cleared for cropping and pasture.

1198 Comments - Extensively cleared for cropping and pasture. Macropteranthes leichhardtii achieves high
levels of dominance in this regional ecosystem

1199 Comments - Extensively cleared for cropping and pasture. Macropteranthes leichhardtii achieves high
levels of dominance in this regional ecosystem

11.104 Eco Values - Hahitat for rare and threatened flora species induding Acacia deuteroneura, A lauta, A

wardellii and Bertya calycina.

An understanding of the flora that occurs around the lake is useful for rehabilitation and revegetation efforts. The flora
in the lake itself is not well described with the exception of the work done on the phytoplankton within the lake in recent
years. Submerged macrophytes have been noted to occur in the lake however the species have not been identified.
Given the condition of the lake it would be reasonable to assume that the previous diversity of flora associated with the
lake has been greatly reduced and replaced, or displaced for part of the year, to a large degree by the phytoplankton
described by White (2002). Exatic species are also evident espedially in the section between the ‘average’ weter level
and the high water level, with the southern outlet having a particularly high infestation rate.

The change in structure of the floral compasition and population of the lake has an impact on the dependent fauna with
on flowing implications for the whole food web.

23 Fauna

The fauna of Lake Elphinstone has not been studied in detail however some work has been done in conjunction with
studies on the blue green algae issues associated with the lake. These are described by van Hartevelt and Houweling
(2001) and White (2002). Leo Duivervoorden did some work in the past also 1991

Fish specimens captured at lake Blphinstone during sampling (March and May 2002) were; Gudgeon (Hyseleotris
spp.), Spangled perch (Leiopotherapon unicolor) and Eel-tailed catfish (Tandanus tandanus) (White 2002, p.94). Fsh
were scarce in Lake Hphinstone and both species number and population were considered to be depauperate
compared to similar water bodies.

The lake is thought to be habitat for the endangered Eungella Day Frog (Taudactiylus eungellensis).

The unseen fauna of the lake are the zooplankton. Zooplankton are very small organisms some of which graze on the
cyanobacteria. The phytoplankton (includes cyanobacteria) are the bottom of the food chain and the zooplankton are
the next link. If the zooplankton is able to reproduce fast enough they may be able to keep the phytoplankton at
manageable levels. This has not bee the case in Lake Elphinstone over the last eight years.

There seems to be little doubt that the fauna of the lake has been impacted by the outbreaks of cyanobacteria due to
the changed weter conditions e.g. variations in dissolved oxygen, and release of toxins.

A variety of fauna are likely to be associated with the lake with bird species being the most prevalent. A list of birds
observed at Lake Elphinstone indudes 86 species (Baldwin 2002).

-14-
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24 Water use and quality

Lake Hlphinstone Station uses water from Lake Elphinstone for watering stock, although it is not relied on as the main
supply. Small dams and water from the Eungella Pipeline are the core supply sources for Lake Elphinstone Station with
water from the lake used to supplement supplies. Water is also pumped from the lake for use in the recreation reserve
amenity block on the western side of the lake.

Weter quality varies from year to year and season to season and is not recommended for drinking purposes at any time
since the outbreaks of blue green algae (cyanobacteria) in the mid 1990s. Water quality monitoring, spedifically for the
presence of cyanobacteria, is done on a regular basis by Nebo Shire Council to enable management of recreational
activities including provision of warmnings when the lake is considered to be a health risk.

Weter quality data has also been collected as part of studies carried out by Central Queensland University students

and research staff. A summary of water quality from 2002 is provided in Table 2-3 with all water quality data collated
during the development of this plan, including cyanobacteria counts, included in Appendix C.

Table 2-3 2002 Weter Quality Deta for Lake Hlphinstone

ANZECC Maximum values 2002

Parameter guidelines March May July

Total Pmicrograms / L 10 164116409 217 [2170% 21621609
Total Nmicrograms/ L 350 | 2930[8379d | 3694[1055%9 | 3664[1047%4
NOmicrograms/ L 10 970 1031 1592
NHmicrograms/ L 10 2150 40 120

Range of values

Dissolved oxygen % saturation 90120 835-227.1 456-71 91.4-1033
Conductivity - salinity micro siemens (US) / cm 90900 1296 - 1439 1496 - 1627 1690- 1860
pH 6109 854-9.35 853-882 8.27-852
Temperature &C 20091-2348| 2572-17.74| 21.14-1211

Source: White (2002) pp.33, 63 and 71.
Note: Fgures in brackets [ ] are percentages of water quality readings compared to the values reconmended in the ANZECC
guidelines.

The most significant water quality data results with respect to the cyanobacteria blooms are the elevated levels of
nutrients i.e. nitrogen and phosphorus. Salinity is also elevated in comparison to other freshwater bodies in the Ftzroy
Basin, and Queensland and turbidiity readings are also high. Elevated levels of nitrogen and phasphorus, salinity and
turbidity were also apparent during the studies undertaken by van Hartevelt and Houweling in 2001

Table 2-4 Cyanophyte and Toxic Blue Green Algae Cell Counts 2002

Sample type and | Cyanophyte | Anabaena | Microcystis Microcystis
date cellsper ML | spiroides aeruginosa panniformis
8102 Comp 3,190 1,480 20

8102 Scum 48,860 12530

15102 Comp 56,800 1,250 480

15102 Scum 18,960 60

21202 Comp 430

21202 Scum 26,650 470 1,010

26202 Comp 119,000 7,000

26202 Scum 647,000 52,000

13302 Comp 194,000

13302 Scum 702,000 208,000
27302ScumCA 597,000 293,000

27302 Comp CA 116,000 49,400

16402 Scum 90,500 13,900
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4602 Scum 145 145

4602 Comp 35 35

13602 Nil

27602 Nil

16702 925 315

307 02 Centre Nil

30702 Edge 47,420 14,570

27 8 02 Centre 3,750 3,750

27802 Edge 7,600 7,600

11902 CA 4,060 1,850

151002 CA 25,800 25,800

291002 CA 48,800 33,300 13,800
221102 447,000 409,000

Source: Nebo Shire Council
Notes: ‘Conyp’ is compasite sample collected from the centre of the lake unless othenwise labelled. “Scunt is a surface sanple
comprising algal scum taken from near the boat ramp unless otherwise labelled. CA is carmping area, HA is Homestead area, CL is
the centre of the lake. Shaded rows denate levels of toxic blue green algae above deemed healthy contact levels i.e. 15,000 cells

per mL.

The outbreaks of toxic blue green algae are enabled by the elevated levels of nitrogen and phaosphorus and controlled
to some degree by the water tenperature i.e. blooms only occur during periods of warm weather and are not present
during winter months when water temperatures are on average below 20&C.

25  Surrounding land use

Lake Elphinstone is surrounded by and is part of a grazing property with a portion of the area designated as a
Recreation Reserve. Land use is predominantly for cattle production with recreation in the designated areali.e. Lot 16.
The ather land use in the vicinity of the lake consists of roadways and ‘wilderness' or informal ‘ervironmental’ areas in
the steep sections of the adjoining Carborough Range. Land use in the vicinity of Lake Elphinstone is illustrated in
Fgure 2-5.

Fgure 2-3 Recreation is aMinor Land Use

Hgure 2-4 Grazing is the Predominant Land Use
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Fgure 2-5 Land Use and Tenure

Lot 16
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(Source: http:/Awwv.queenslandholidays.com.au/mackay/534463/index.cfim)

26 NetiveTitle
Lake Elphinstone appears to be the subject of two Native Title claims (see Figure 2-6).
Fgure 2-6 Native Title Claims Map

Claim QC01/13 (dark green line) by the Barada Barna Kabalbara & Yetimarla People covers a large area of land and
encompasses lake Hphinstone. Claim QC99/34 (purple lines) by the Wiri People covers specific lots in Nebo and
Mirani Shire and appears to cover Lake Hphinstone also. Details of the specific coverage area need to be confirmed
with the Native Title Tribunal and/or claimants. Details of current active Native Title claims in Nebo Shire are provided
in Table 2-5.
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Table 2-5 Native Title Claims in Nebo Shire

Date filed Application name Apptlication Status TT‘b““a' Fede_:ral S

ype file no. file no.
3/03/1998 Wiri People Claimant Active QC98/5 QG6242/98
2/04/1998 Birri People Claimant Active QC98/12 | QG6244/98
2/04/1998 Wi People #2 Claimant Active QC98/11 | QG6251/98
2/04/1998 Jangga People Claimant Active QC98/10 | QG6230/98
8/07/1998 Yuibera People Claimant Active QC98/37 | QG6223/98
22/12/1999 | Wiri People #3 Claimant Active QC99/34 | QB0O33/9
7/12/2000 Coppabella South Claimant Active QC00/14 | Q6B013/00
20/03/2001 | Wiri People #4 Claimant Active QCo01/8 Q6B009/01
21/03/2001 | Barada Bama Kabalbara& | Claimant Active | QC01/13 | Q6011/01

Yetimarla People #3

Note: The two claims shaded appear to cover the Lake Elphinstone area.

27  Nebo Shire Council’s current management routine

Nebo Shire Council carries out the management of the recreation reserve on the western side of Lake Elphinstone on a
needs basis. Special arrangements are put in place for events and maintenance is more intense during ‘busy’ periods
and after rain events.

Management generally consists of:

a) Slashing grass and general maintenance of the camping area and surrounds;

b) Maintenance of the amenities block including management of the septic system;
¢) Cdllection of rubbish; and

d) General maintenance of infrastructure i.e. fences, ballards, roads and tracks.

In more recent times Council has been required to monitor the weter quality in the lake due to the occurrence of blue
green algae blooms. When the water quality is considered to be unfit for recreational contact the lake is ‘dosed’ to the
public. This is the situation at the time of writing (January 2005).

Fgure 2-7 Closure Sign at Lake Elphinstone Fgure 2-8 Recreation Hazard Warning
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2.8 Legislation and responsibilities

Further investigation is required to determine the extent of responsibility of the Nebo Shire Coundl and the
owner/manager of Lake Hlphinstone Station with respect to legislation relevant to weter bodies such as lake
Elphinstone and the associated flora and fauna, and management practices.

Relevant legislation includes:

Water Act 2000;

Environmental Protection Act and Environmental Protection (Weter) Policy;
Environmental Protection and Biodiversity Conservation Act;

Neture Conservation Act;

Aboriginal Cultural Heritage Act.

There may also be International Conventions associated with migratory birds that are relevant to the study area.

29 Existing management plans and arrangements

With the exception of the management of the recreation area by Nebo Shire Counail there are no specific management
plans associated with Lake Elphinstone. A number of suggestions have been made to assist with management of the
lake however these have not been temporally sequenced or advanced in a systematic way as is required if a
management plan is to achieve its outcomes.

The Queensland Harmful Algal Bloom Operational Procedures (Queensland HAB Steering Committee 2003) is used by
Nebo Shire Coundil as a guide for their management activities at Lake Elphinstone.

“The Queensland Harmful Algal Bloom Response Plan outlines the contingency plan for responding to HABs within the
capacity of local response agendies such as the Department of Natural Resources and Mines, Environmental
Protection Agency, Queensland Health, Department of Primary Industries, local governments and water storage
operators”.

The “document outlines a standard operational procedure to follow given the identification and/or receipt of a public
enquiry regarding a potential HAB. It builds on the Multi-Agency Response Plan that outlines the roles and
responsibilities of the various response agencies with the capacity and expertise to deal with specific HAB incidences,
and provides contact details and operational methodologies to ensure that the enquiry is handed by the appropriate
agency within a consistent response framework” (Queensland HAB Steering Committee 2003, p.1).

The HAB document is currently undergoing revision and the latest version needs to be considered when planning
response activities including the monitoring of Lake Blphinstone and the natification of the public as to the safety of the
lake for recreational purposes.
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3. Issues and Impacts

31 Previously identified

The main issue associated with Lake Elphinstone from an ervironmental and recreational perspective is the frequent
outbreaks of blue-green algae (cyanobacteria). While blue-green algae are found in most water bodies ‘blooms’ are
generaly a symptom of the environmental conditions associated with the water body and the quality of water. This in
turn has implications for the management of the surrounding land in the catchment area.

The lake has been a field ‘laboratory’ for the Freshwater Ecology Group at Central Queensland University (CQU) for a
number of years and is the subject df, or induded in, a number of studies and reports produced by CQU staff members
and students. An extract from the pages of the CQU Website is included in the text box below to put the blue-green
algae issue at Lake Elphinstone in perspective.

CQU Bidlogist, Dr Larelle Fabbro is a national expert in the area of blue-green algae who has studied Central
Queensland 's Fitzroy River catchment for more than 15 years.

She says the characteristics of regional water bodies like Lake Elphinstone, home to some of the most dense and
diverse blue green algae bloons in the world, including toxin forming species —are no longer unique. So-called
hot-spots are now turning up all over the globe.

“One of the common toxin producing blue-green algal species in our region, Cylindraspermopsis raciborskii, is now
appearing in bodies of water outside of Australia including Europe, Horida, Canada, Brazil, Japan and Africa,” says
Fabhbro. “It is thought that increased temperatures are leading to an increase in the prevalence of this organism.”

Central Queensland has been unique to date in that it has a wide range of microscopic organisms knoan to be
active grazers of toxic blooms. Scentists at CQU recently discovered and investigated an organism that eats
Oylindrospermopsis. However, its numbers in the Fitzroy River Catchment are reducing, posing a serious challenge
for the future.

Blue-green algae grow in stagnant or standing water. It sometimes causes surface foams or scums and often
discolours the water. Blooms generally occur where there are high levels of nutrients in the water, together with
warm, sunny and calm conditions. Toxic algae blooms can threaten the health of animeals, fish, and humans that
come in contact with or ingest them.

But blooms and scus are not aways dangerous and it is nat passible to tell whether a bloom or scum is harmful
fromits appearance. That's why CQU 's research and engagement within and outside the region are so importarnt.

“We have to keep in mind that most blue-green algae don't cause serious health problems. Algae occur naturally
and oxygenate the water," says Fabbro. “There ’s just a small group of toxin producing forms that normally grow in
high nutrient water. They re the ones we have to identify and treat for the public’s health and well being.”

(Source: http:/Amwv.cou.edu.awalumni/cauill/algae. htrm)

3.2 Documented impacts of blue-green algaei.e. environmental and human

As mentioned above some species of blue-green algae can be toxic (see Table 3-1). Toxic and potentially toxic blue-
green algae recorded in Lake Hlphinstone to date include Cylindrospermopsis raciborskii, Microcystis aeruginosa,
Microcystis panniformis, Aphanizomenon ovalisporum, Anabaena circinalis, Lyngbya sp and Raphidiopsis sp.

No known hurman health impacts have resulted from the biue-green algae in Lake Elphinstone to date. While toxic blue-
green algae species are known to inhabit Lake Elphinstone water quality monitoring by Nebo Shire Council and
subsequent issue of warnings when blooms occur has helped prevent any adverse impacts on human health. Impacts
of blue green algae have been documented from other locations and are discussed in detail in a variety of literature.
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The World Health Organisation (WHO) (2003) advise that a cyanoprokaryote (blue-green algae) cell concentration of
20,000 per millilitre could cause short-term adverse health outcomes including skin initations and gastrointestinal
illness while 100,000 cells per millilitre can cause long termiillness including liver dysfunction (see Appendix E for more

detail)

Table 3-1 Cyanobacteria and Cyanotoxins

Cyanotoxin Cyanobacteria general/species | Comments

Lipopolysaccharide (LPS) Most Surface active toxin that may cause skin (dermal)

endotoxins irritation effects.

Hepatotoxins (Liver toxins) Microcystis, Anabaena, Most frequently found cyanatoxins in blooms are
Microcystin Anabaenopsis, Nostoc and microcystins and nodularin. Structurally similar
Nodularin Planktothrix. with mycrocystin being the most common with 60
Oylindraspermopsin Nodularia spumigena variants. Toxins disrupt the integrity of liver cells

Oylindraspermopsis leading to death of cells and possible bleeding

raciborskii within the liver. Cylindrospermopsin can produce
significant hepatotoxicity and may also affect
other cells.

Neurctoxins Anabaena circinalis A number of genera can produce neurotoxins

- Anatoxinta however in Australia it has only been detected in
Anatoxin-a (S) Anabaena flos-aquae, Anabaena circinalis (Ctoxin). Dinoflagellates also
PSP (paralytic shellfish | Planktothrix, Cylindrospermum, produce PSP toxins.
poison) — saxitoxin, Aphanizomenon (Anatoxin-a) Human poisoning has resuited from ingestion of
neosaxitoxin, Gtoxins | Anabaena (Anatoxin-a (S)) shellfish, which have accumulated PSP toxins.
and gonyaLitoxins. Neurotoxins affect nerve conduction in various

ways and can cause paralysis of skeletal and
respiratory muscles leading respiratory failure.

Dermatotoxins Lyngbia and Schizathrix (marine) | Mostly marine cyanobacteria. Dermatotoxins can

cause severe dermatitis, initation to the eyes and
respiratory tract. Experiments with animals
suggest these toxins are potent tumour
promoters.

Oytotoxins Oylindrospermopsis raciborskii, Not specific-have the potential to affect the cells of
Cylindrospermopsin Aphanizomenon ovalisporumand | most tissues. Best documented effects on the

Umezakia natans liver.

“In Australia, the genera most frequently implicated in the poisoning of animals or potential health effects in humans are
Anabaena, Aphanizomenon, Cylindraspermopsis, Lynghbia, Microcystis and Nodularia” (Queensland Health 2001, p.4)

Contact with and ingestion of blue-green agae generally occurs during water based recreational activities. In the
United Kingdom in 1989 ten army recruits swimming and canoeing in a bloom of Microcystis and Anabaena developed
symptoms including vomiting, diarrhoea, abdominal pain, blistering of lips and sore throats. Two recruits developed
severe pneumonia attributed to the breathing in of toxin. Both required hospitalisation in intensive care. (WHO 2003,
p.145).

Epidemiological evidence of adverse health effects (i.e. elevated incidence of diarthoea, vomiting, flu symptoms, skin
rashes, mouth ulcers, fevers, and eye and ear imitations) after recreational weter contact has been recorded in
Australia (1995) in a study invalving 852 participants. Symptons began at 5,000 cells per mL and increased
significantly with duration of contact and cell concentration of blue-green algal (WHO 2003, pp.145 and 149).

Cyanotoxins in community drinking weter supplies have resulted in a number of serious health incidents around the
world with the most severe occurring in Brazil in 1988. Around 2000 cases of gastroenteritis were reported after a
newly constructed resenvoir was flooded. 88 deaths resulted from the incident (Queensland Health 2001, p.6)
Microcystis panniformis was implicated as the cyanobacteria responsible for the deaths.

0.
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Closer to home, on Palm Island near Toansville, 149 people became ill after the local weter supply wes treated with
copper sulphate to destroy the blue-green algae, Cylindrospermopsis raciborskii. On the death of the blue green algae
the toxins were released into the water and the people subsequently became ill. Many required hospitalisation.

“Literally hundreds of reports of stock poisonings have been documented worldwide. Domestic animals and stock
including sheep, pigs, horses, dogs, chickens and cattle have been reported to experience detrimental effects from
cyanoprokaryote toxins” (White 2002, p.7). The first reported stock deaths in Australia as a result of blue-green algae
toxins occurred at Milang, Lake Alexandrina, South Australiain the 1870s.

Blue-green algae can also be detrimental to ‘ervironmental’ organisms as would seem logical given the impacts on
hurmans and large mammals. “It is thought that the main ecological role of cyanoprokaryote toxin production is to cause
a reduction in grazing pressure by zooplankton” (White 2002, p.8). While this may be the case in sufficient quantities
the toxin has an impact on a wide range of organisms including microbes, lower animals, the early developmental
stages of vertebrates and plants.

Studies of Lake Elphinstone in recent years have shown links to environmental impacts of toxic blue-green algae such
as the death of macro invertebrates, turtles and fish. Current studies are likely to uncover further impacts.

3.3  Agriculture

Agriculture, in the form of beef cattle production, provides the main on going land use impact associated with Lake
Elphinstone. Under the current management regime cattle are able to access the mgjority of the lake's riparian zone.
The area of exclusion is in the vicinity of the recreation reserve athough the fencing does not exclude stock at low
water levels when they are able to move around the end of the fence and enter the reserve (see Hgure 3-1).

The main impacts of cattle grazing are:

Disturbance of the surface soil creating conditions for accelerated erasion;
Reduction in groundcover from grazing creating conditions for accelerated erosion;
Impacts on habitat of native wildiife e.g. waterbirds;

Spread of exatic plants (weeds); and

The deposition of nutrients (urine and faeces) in the vicinity of the lake.

These impacts can occur across the entire catchment of the lake
however they are most significant in the near vicinity of the lake i.e.
within 30 - 50 metres of high water mark. Studies on the buffering
effects of vegetation on water quality (Gunn 2001) show that the
area dosest to the water body is most critical in the prevertion of
nutrients entering the system. For lakes, if nutrients are deposited
between the high weter mark and low weter then they are
autometically deposited in the water body when the water level
rises.

The question is not whether there is an impact on the lake from

grazing rather whet is the magnitude of the impact in the vicinity of
the lake compared to the rest of the catchment.

Figure 3-1 End of the fence at low water
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34 Mning

There has been speculation that mining in the region has had an impact on Lake Elphinstone. This is likely to be the
case but not necessarily for the same reason/s as suggested.

One suppoasition is that the construction of the Teviot Dam has interfered with the natural springs thet feed into Teviot
Creek and somehow impacted Lake Elphinstone at the same time. Given the location of Lake Hiphinstone and Teviot
Dam and the strike and dip of the gedlogical formation in between it is unlikely that Teviot Dam has any impact on Lake
Elphinstone. A more rigorous investigation of the hydrogeology of the area is required to determine the linkages and
impacts between the two water bodies.

The main impacts that mining has/had on the lake are:

Pressures on the ervironmental qualities of the lake and surrounds from recreational activities i.e. the largest
population centres clasest to the lake, Glenden and Moranbah, are mining towns; and
Probable catalyst for the onset of blue green algae blooms through pumping of water from the lake for mining

purposes.

As the only water body in the region capable of supporting water sports such as water skiing Lake Elphinstone is a
popular destination for employees of the various coal mines in the area, especially those living in Glenden and
Moranbah. Given the shallowness of the water body powerboat activity is prone to disturb the sediments in the lake
and remobilise nutrients as well as contributing to turbidity.

Land based activities also impact the lake as roads and tracks can result in channelling of stormweter run off and use
of motor vehicles in the vicinity of the lake have a similar effect to cattle in disturbing the sail surface with the potential
acceleration of erasion.

Both powerboats and land vehicles depending on their proximity to feeding and nesting areas, and the type of activity
impact wildife in the vicinity of the lake. The interaction between recreational activiies and the wildife of Lake
Ephinstone has nat been studied so no definite statements can be made about the level or type of impacts.

Generic impacts likely to occur from powerboats as noted from studies in other areas include:

Loud noise-inducing stress and behavioural change leading to;
0 Panic or escape behaviours (energy dissipation and nest abandonment),
0  Scattering of broods,
0 Decreased reproductive fitness (Loong 2002, pp.2-4).
Visual disturbance (as above).
Physical vidation including;
0 Habitat destruction,
0  Nest destruction,
0 Destruction of feeding sites or sources,
o Direct injury (Loong 2002, p.2).
Toxicant contarmination through;
o Direct ingestion of water,
o Detarence fromtainted water,
0 Intake of toxic prey flesh,
o Impact of oil slicks (Loong 2002, p.10).
Breeding/recruitment inhibition through;
Hindering nesting,
Disrupting pair bonds,
Increasing desertion of nests,
Damaging or swamping shoreline nests,
Reducing hatching success from exposure and predation,

O o0Oo0oo0oo
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0 Decreasing survival rate by scattering of broods and separation of young from parents increasing
predation vulnerability (Loong 2002, pp.4-5).

Obviously there are recreational users who are not coal miners and their families however the mgjority of visitors to
Lake Elphinstone are likely to be either directly or indirectly associated with the coal mining towns of Genden and
Moranbah.

While recreation is an on going impact and one that can be managed to a large degree the pumping of water from the
lake in the 1990s for mining purposes was event based and may have been responsible for tipping the balance in
favour of the blue green algae.

In 1991 the lake was full to overfloning. In 1992 pipes and pumps were installed and weter was pumped out of the lake
to service North Goonyella village. An additional one metre of water was taken from the lake beyond the specified
levels.

In 1995 Burton coalmine pumped from the lake to support their operations. Lake Elphinstone was dry by the end of the
year. In January 1996 all the creeks in the area were floning and the ground wes saturated from cyclone Barry. The
weter level in Lake Elphinstone increased and varied between 1.5 m and 29 m until the dry period in 2002. By
December 2002 the water level was 0.5 mand by 5 February 2003 the level was down to 25mm.

In effect Lake Hiphinstone has been a closed system since 1991. The water level in the lake has been kept unnaturally
low due to mining associated water harvesting and as a result has not been able to ‘flush’ the excess nutrients from the
system. Nutrients have continued to wash into the lake but none have been washed out. The resulting increase in
nutrient load and concentration has led to the blue green algal blooms, which were recorded for the first time in 1997.

35 Tourism and Recreation

Tourismis a modest but important economic activity for the Shire as it attracts additional income for local business on a
‘permanent’ basis and is not necessarily affected by commodity markets and cydles. At the least it provides additional
diversity for the local economy. A significant number (undocumented) of people either camp at Lake Elphinstone for
short durations or use the area as a rest and recreation stop when passing through. As mentioned previously the area
is also used for local recreational events as well as informal recreation.

Tourism is however dependent on the quality of the product being offered with degraded attractions generating adverse
publicity, which is often difficult to reverse. An example is provided in the text box below.

Sunday 19 May 2002. “Heading west from Mackay on the Peak Downs Highway, we tumed off just east of Nebo to
take the road north to Glenden, intending to camp overnight at Lake Elphinstone, about which we@ heard good

reports.

Unfortunately, when we reached the lake, we found it wes infected by blue-green algae, and there were no weter,
toilet or shower facilities working. It looked like it would have been a pleasant place to camp under better
crcumstances, and indeed we met some people who had stayed there just a few weeks earlier and enjoyed it
thoroughly”.

(Source: http:/imvwv.avalook.comau/newsletr/oznews31.htm)

Recreational areas generally have some type of facllities including toilets and showers. The facilities at Lake
Elphinstone were built in 1980s and designed using the standards at the time. Overflow from the septic system
senvicing the tailet block at Lake Elphinstone passes through a trench and then seeps via sub surface flow to the lake.
The faciliies were located in proximity to the main recreation area and are not necessarily in the most stitable
environmental location. The clay sub sail is nat considered to be particularty suited to the effective operation of a septic
system.

While the levels of faecal coliforms detected in the lake in the vicinity of the fadilities block are not generally above
guideline levels for human health the fact that they are present indicates a potential issue. Coliform counts have been
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recorded well above guideline values folloning social events at the lake when the fadllities experience peak loads and
retention time of wastewater in the system s reduced.

While the facilities would add to the nutrient load of the lake the volume of nutrients released compared to the amount
contributed by the cattle in the vicinity would be negligible. The main issue associated with the recreational facilities is
not the nutrients rather the potential health issues associated with seepage of contaminated westewater. As the
facilities are in the area most used by visitors to the lake this is a significant humen health issue.

In a sensitive environment such as Lake Elphinstone where tourism and recreation is a significant activity a policy of no
release of contaminated wastewater is appropriate to ensure human and environmental health are not compromised.

36 Projects, programs and developments with potential future impacts/effects
Some projects, programs and developments, which have the potential to impact Lake Elphinstone in the future, indude:

Sport and Recreation Needs Studly;

Regional NRM under the NAPSWQ and NHT2 including Ervirofund,

Ftzroy Basin Association Central Queensland Strategy for Sustainability 1;

Coal mines expansion - assodiated population increase and desire for water sport facilities;
0 Glenden - Hail Creek and Newlands;
0 Nebo—Hail Creek and various others;
0 Moranbah area;
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4. Objectives

41 Principles
Catchment management is based on principles of ecologically sustainable development. The approach is a voluntary
mechanism to encourage residents and visitors to contribute to the overal ‘health’ of the catchment through

management of their actions and interactions with the natural systems that support our existence and well being. The
approach recognises the interconnection between environmental, social and economic elements.

The Management Plan for Lake Elphinstone is based on catchment management principles. The relatively small size of
the lake Hlphinstone catchment means the physical management of the area is not a complex process. There are two
landholders directly involved in the management of the catchment of Lake Elphinstone i.e. Nebo Shire Council and
Lake Elphinstone Station owner/manager. The broader community, as recreational users and visitors are also
responsible for managing their impacts on the lake and environs. In this context it is the social aspects that provide the
management complexity associated with the lake.

42  Management Objectives

A ‘Mision' for Lake Ephinstone from the Draft Community Management Plan, developed by the Lake Elphinstone
Alliance at a community meeting, is:

“Lake Elphinstone and surrounds provide a healthy ervironment that enables recreational and economic activities to be
sustained long termin aesthetic surroundings”.

The Goals from the same draft are:

To improve water quality in Lake Elphinstone;

To study downstreamimpacts and consequences,

To minimize economic loss through poor health of Lake Elphinstone;
To provide educational activities in relation to Lake Elphinstone.

Propased management objectives for Lake Blphinstone are:

To promote environmental conditions that will contribute to the reduction of nutrient input to the lake;

To improve the environmental values of the lake through appropriate management of the Lake Hphinstone
catchment;

To enable recreational use of the lake and environs within the bounds of the Reserve that is consistertt with
maintaining the environmental values of the lake;

For the catchment landholders to work cooperatively to develop and implement sustainable natural resource
management solutions;

To develop and enhance partnerships to enabde improved management of the lake and environs through
information sharing, contribution of resources and implementation of initiatives

43  Environmental targets

The ANZECC (Australian and New Zealand Ervironment and Conservation Council) Guidelines are often referred to
for the default targets for water quality in the absence of any locally relevant targets based on monitoring. Core
indicators for aguatic ecasystem protection, recreation and aesthetics, and drinking water quality from the Australian
and New Zealand Guidelines for Fresh and Marine Water Quality (ANZECC 2000) are provided in Table 4-1, Table 4-2
and Table 4-3 respectively.

In addition to the core indicators mentioned above the World Health Organisation (WHO) advice on blue green algae
levels also needs to be acknowledged. As blue green algae population is related to the amount of available nutrients
the achievement of water quality values dlose to the aquatic ecosystem protection core indicator levels (see Table 4-1)
would in essence reduce the blue green algae population to ‘normél’ levels.
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Table 4-1 Aquatic Ecosystem Protection Core Indicators

Aquatic system Total Nitrogen (TN) ~ Total Phosphorus (TP) Turbidity Salinity
Lakes and 350 g /L for turbid 10ng/L 2-200 NTU - Low in deep lakes; High in 90-900 m5/cm - Low: NT permanernt hillabongs;
Reservoirs lakes only; Clear lakes shallow lakes; depends on geology, oftenwind | High: WA wetlands and in summer due to
have lower values induced evaporation
Wetlands 350 g /L (WATiv 10ng/L (WATrivpods- | 2200 NTU - Lowin deep lakes; Highin 90-900 n&/cm - Low: NT permanent billabongs;
pools- 1200 ny /L) 50ny/L) shallow lakes; depends on gedlogy, oftenwind | High: WA wetlands and in summer due to
induced evaporation
Table 4-2 Recreation and Aesthetic Core Indicators
Salinity Nitrogen
Sodium Chloride Ammonia (NH) Nitrate (NOs) Nitrite (NO,)
Primary Contact 300 000 ny/L 400 000 ng/L 10ngN/L 44,300 my /L converted | 3,280 g /L converted to nitrite
to nitrate
Secondary Contact 300000 ng/L 400 000 ng/L 10mgN/L 44,300 mg /L converted | 3,280 ng /L converted to nitrite
to nitrate
Turbidity and suspended solids
Colour and appearance Turbidity Natural Reflectance
Primary Contact Not Applicable For swimming Secchi disk (200mm Not Applicable
diameter) sighted horizontally >1.6m
Secondary Contact Nat Applicable Not Applicable Not Applicable
Aesthetics - No Contact The natural hue of water should not be changed | Natural visual clarity not reduced by Natural reflectance not changed by more than 50%
by more than 10 points on Munsell Scale more than 20%
Table 4-3 Drinking Water Quality Core Indicators
Nitrate (NO;) Nitrite (NOy) Ammonia(NHs)  Turbidity  Sodium Chloride
Health Value 50 000 ny/L_ as Nitrate 3000 nglL as Nitrite Not specified Not Required Not Required
Aesthetic Value (Taste & Odour) | Not Specified Not Specified 500 ng/lL 5NTU 180000 ny/L 250 000 ngylL
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4.4  Community aspirations
4.4.1 Sport and Recreation Facility Needs Study

Community aspirations for Lake Hphinstone were examined during a consultation process carried out as part of the
Sport and Recreation Facility Needs Study (GHD 2002). Rather than repeat the process the resuilts of that study have
been integrated into this management plan. The following information is drawn from the Sport and Recreation Facility
Needs Study (GHD 2002).

In the BExecutive Summary lake Elphinstone is recognised as “an important resource for nature-based recreation, weter
sports, environmental education and nature appreciation”. It is also stated that “The most popular organised sports
include lawn bows, water skiing and swimming” (GHD 2002, p.iv).

The lake is described as “a regional attraction and is used by school groups, water ski clubs, campers, day trippers,
scout/guide troops and corporate groups (e.g. picnics days) from throughout the region” (GHD 2002, p.11).

The facilities at Lake Elphinstone are recorded in the Inventory as:

Swimming area (closed);

Ski jump;

Slalom course;

Boat ranmp;

Canmping ares;

Picnic and BBQ facilities;

Storage shed; and

Bullarama ring (used by Glenden Rodeo Association).

The study idertified a perceived lack of; environmental reserves and destination parks or botanic gardens in the Shire.
It was also noted that Glenden has the lowest park to person ratio in the Shire (GHD 2002, p13). Lake Elphinstone
could be seen as the only area that could be classified as both an environmental reserve and destination perk, albeit
with limited fadilities.

Specific actions identified by the community for Lake Elphinstone during the study were:

Upgrade the septic system (standard and capacity);
Revegetation, particularly at the waters edge;

A swimming enclosure;

Designation of suitable areas for recreational use and
vehidle access;

Additional picnic shelters, table, barbecues and
rubbish bins;

Bxpansion of the existing ski shed to provide a multi
purpose dub house;

More frequent facility meintenance and slashing;
Ongoing collaboration between lake users, Council
and environmental groups;

Walking tracks and interpretive signage;

Improve visual amenity of existing structures;
Improved disabled access arrangements;
Recognition of cultural heritage sites / public
access restrictions;

The design of infrastructure thet is in keeping
with natural surroundings

A caretakers residence , as vanddism is
increasing due to the remote location;

Power supply and security lighting;

Afixed pontoon structure for fishing.

The Concept Plan developed as part of the study incorporates the various environmental management reguirements to
reduce potential impacts on Lake Hphinstone from land-based use and access to the water body. All structures and
recreational activities, with the exception of accessing the water and passive recreation, should be above the high
water mark. The high water mark is in the vicinity of the large Melaleucas (paper bark trees).

Separation of activities and restriction of vehide movement in sensitive areas and on private property is also a
necessary part of managing the environmental values associated with the lake while maintaining the recreational
opportunities.
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The priority needs identified by the community for Lake Elphinstone were:

1) Preparation of a Management plan to address environmental issues and in particular water quiality.
2) Improverment of (espedially toilets/septic system) and additional public facilities at the recreation area.
3) Restoration and revegetation of the foreshore (GHD 2002, p.vi).

4.4.2 Lake Elphinstone Station

The manager and owner/s of Lake Elphinstone Station have expressed their willingness to work cooperatively with
Council and the community to improve the management of Lake Elphinstone provided propased arrangements do not
hinder their ability to manage their grazing property.

As the closest resident the manager of Lake Blphinstone Station is often reguired to act as a de facto caretaker when
community menbers do not act responsibly. Apart from unauthorised entry on their property fire started at the
recreation area and spreading to Lake Elphinstone Station is a significant issue. While Lake Elphinstone Station is
willing to assist with management of this unique area there are a number of obstacles associated with public use of the
lake e.g. fire management, vehicles causing erasion and unauthorised access to Lake Elphinstone Station, that need to
be addressed as part of a comprehensive management plan covering the recreation area and the environs of the lake
on Lake Hlphinstone Station.

4.43 Traditional Owners

The Aboriginal Traditional Owners of Lake Elphinstone are aware of the need to manage the lake and surrounds if the
environmental and associated cultural values are to be restored and maintained. The Traditional Owners are part of the
Lake Elphinstone Alliance and have expressed a willingness to assist with the implementation of the management plan
wherever possible including acting as caretaker/s if suitable facilities are established.

4.4.4 Lake Hphinstone Alliance

Community aspirations are probably representatively expressed via the Lake Elphinstone Alliance which was formed in
2001 to address the issues associated with the lake and in particular weter quality and the blue green algal blooms.
The blooms have had a significant impact on the environment values of the lake and have had associated social

impacts through the curtailing of recreational opportunities. The Alliance can be seen as the ultimate expression of the
communities aspirations i.e. to retum the lake to its former state.
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5. Management Strategies and Actions

Findings and recommendations of previous Studies

511 van Hartevelt and Houweling

In their 2001 study report van Hartevelt and Houweling found the toxic blue green algal blooms in Lake Elphinstone to
be primarily a result of the elevated level of nutrients in the lake combined with suitable weter temperatures and
availability of light. They discussed possible management options to control the algal populations along with
recreational and catchment management options. A summary of the main points discussed is provided below.

Copper compounds have been used to treat cyanoprokaryote blooms. The copper kills the organisms, which then
release the cell contents, including toxins if present, into the water. This is not a realistic option for Lake
Elphinstone as it would result in the death of aquatic fauna and flora and remain in the aquatic environment in
sediments.

Hushing with water of low phosphorus concentrations can be a very affective tool for reduction of cyanoprokaryote
proliferation. As suitable weter is nat available near Lake Blphinstone, flushing to reduce nutrients is not an option.
Natural flushing of the lake, due to heavy rainfall, could make a significant difference in nutrient concentrations,
and therefore in algal numbers.

Dasing with barley straw or barley straw extract has been used in freshwaters for cyanoprokaryote control in some
countries including Australia. The inhibitory effects were suggested to be due to antibiotic production by the fungal
flora or to the release of phenadlic compounds from the decompasition of the straw cell wells. The method is still too
poorly understood to recommend for reliable use as a cyanoprokaryote control measure for Lake Elphinstone.

Bidlogical intervention includes a range of techniques that influence algal growth by manipulation of parts of the
food web to increase the population of phytoplankton-grazing organisms or of phytoplankton competitors.

Macrophytes recommended for introduction to Lake Elphinstone to take up nutrients and reduce the amount
available for cyanoprokaryotes are Oitelia and Red Watermilfoil (Myriophyllum verrucosum), both native
submerged macrophytes.

The removal of fish, such as silver perch, which feed on zooplankton and benthic fauna, could result in conditions
conducive to increased populations of these organisms, which graze on agee. Increased grazing on
cyanoprokaryotes could reduce the populations and keep them under control or it could stimulate the growth of the
larger Microcystis colonies and filamentous Cylindraspermopsis.

Reduction of nutrient inflow to Lake Elphinstone will reduce bloom formeation. This could be achieved in part by
improving the filtering and buffering effect of vegetation surrounding the lake and within the catchment. Suitable
trees include: Weeping Paperbark (Melaleuca leucadendra), Black Tea Tree (Melaleuca bracteata), River Red
Gum (Eucalyptus camaldulensis), Grass Tree (Xanthorea johnsonii), Ficus (Ficus oblique) and Native Hbiscus
(Hibiscus heterophillus).

Groundcover could consist of Slender knotweed (Persicaria decipiens), Slender Sedge (Cyperus gracillus),
Common reed (Phragmites australis) and Unbrella Canegrass (Leptocholoa digitalia).

Regulation of activities in the recreation reserve is also seen as a practical way to manage some of the inpacts
resuiting from use of the area adjacent to the lake.

512 White

Further investigations in 2002 provided similar conclusions about the cause of the blue green algal blooms in Lake
Elphinstone. “As high nutrient inputs to the lake have been identified, there is a dear need to reduce the availability of
these nutrients to the phytoplankton populations of Lake Elphinstone” (White 2002, p.167). Macrophyte farming was
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the only option forwarded to address the issue of nutrients. Other recommendations were made with respect to further
studies to gain a better understanding of the conditions triggering phytoplankton blooms and subsequent toxicity levels.

5.1.3 Sport and Recreation Facility Needs Study

As previously discussed the Sport and Recreation Facility Needs Study (GHD 2002) proposes a concept plan for the
recreation reserve at Lake Elphinstone. The concept plan was developed in consultation with the community and in
general represents a balanced approach to the conservation and use of the lake and adjacent public areas.

514 Central Queensland University

Management options for Lake Elphinstone have been suggested by Central Queensland University (CQU) research
staff, and in particular Larelle Fabbro and Leo Duivervoorden. The suggestions were made following the study of van
Hartevelt and Houweling and in discussion with Lake Elphinstone Alliance.

The investigations of van Hartevelt and Houweling found that there was no stratification of the lake and oxygen levels
through the water column were similar. The CQU staff conduded that destratification, oxygen and mixing options were
not necessary. CQU described two states of the lake:

a) Aturbid mixed state dominated by blue-green algae; and
b) Adear state dominated by macrophytes.

Rapid transition from state b) to state a) “occurs as a result of inflow of substantial summer run off™ (Report attached to
Unconffirmed Minutes Lake Elphinstone Alliance Meeting 6 February 2002).

Management options suggested by CQU indluded:

Management of human and animal waste water discharges to the lake;

Minimisation of direct and indirect sources of organic loading, nutrients and sedimert;

Restoration of riparian zones and buffers to interceptffilter run off prior to entering the lake;
Reduction of nutrients in first flush especially from bare ground resulting from fire;

Avoid stirring up the sediment in the lake;

Education and awareness for Council staff and the general public;

Monitoring of algal populations and issue of health wamings;

Monitoring and review of algal populations in relation to catchment management practices;

Further investigation of limnology and impacts of blooms and toxins on biota;

Maintenance of Waterwatch activities and database on lake water quality;

Compilation of data on water draw down and algal counts to determine implications for lake ecology;
Use of floating macrophytes for uptake of nutrients and then harvesting to remove nutrients from the system.

More expensive options were also listed however they were not considered necessary at the time the report was
witten as conditions in the lake were not sited to the management options i.e. no stratification or oxygen depletion. It
was hoted that the area where oxygen levels were below ‘healthy’ levels was near the camping area. This may have
been a result of seepage fromthe septic system

5.15 Lake Hphinstone Alliance

The Lake Elphinstone Alliance produced a Draft Community Management Plan in November 2001to guide actions to
manage the blue-green algae issues associated with the lake (Attached to Minutes Lake Elphinstone 7 Novermber
2001[Minutes Lake Elphinstone. 7" Nov.doc). Input was provided by key stakeholders and members of the community
through a public meeting held at Glenden. Management options focused on;

Improving weter quality in Lake Elphinstone;

Studying doanstreamimpacts and consequences,

Minimizing economic loss through poor health of Lake Elphinstone; and
Provide educational activities in relation to Lake Elphinstone.
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5.2 Options and actions to improve water quality
521 Recapping theissue

The main issue is the high level of nutrients in Lake Hlphinstone, which in turmn results in high production rates of algae.
At certain times of the year when temperatures and turbidity levels are suitable harmless algal assemblages are
replaced and/or dominated by blue-green algae (cyanobacteria). Some of the blue-green algae species are toxin
producing which has implications for recreational use of the lake, safety of grazing stock and the ecological health of
the lake system. Peak production of toxic blue-green algae occurs when summer rain washes nutrients and sediment
into the lake, mixing the water column and reducing the penetration of light. Organisms that are able to adjust to the
changed light conditions e.g. cyanobacteria that can selectively position themselves in the water column, become
dominant.

Lake Hphinstone has nat been full to overfloning since 1990/91 when a cydlonic rain depression resuited in above
average rainfall and flooding acrass Central Queensland. Any possibility of ‘normal’ flushing of the lake system since
1991 has been interrupted by extraction of water to support the construction and operation of North Goonyella Mine
(1992) and Burton Mine (1995). In effect Lake Elphinstone has been an artificially semi-closed system since 1991.
Semi-closed because water, sediment and nutrients have flowed in and water has evaporated and left the system while
nutrients have not floned out of the system (see Fgure 5-1). The result has been an increasing concentration of
nutrients in the lake promating the growth of algae and cyanobacteria.

Fgure 5-1 Lake Elphinstone Semi-Closed System
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To address the main issue options need to:

a) Reduce the amount of nutrients entering the system; and
b) Remove nutrients fromthe system

5.22 Reducing Nutrient Input

It is assumed that the main additional source of nutrients feeding into Lake Elphinstone comes from the urine and
faeces of cattle in the near vicinity of the lake. | say ‘additional’ nutrients, as a certain amount would be attributable to
native wildife and especialy the hirds that inhabit the lake and environs when conditions are favourable. The native
wildiife is part of the food chain that had attained a relative equilibrium with respect to nutrient cycling and assodiated
ecological functions of the lake. The additional nutrients resulting from cattle grazing activity combined with the
excessive extraction of weter in 1992 and 1996 and below average rainfall years, have pushed the lake beyond its
balanced state.

Reducing nutrient input reguires the exclusion of cattle from the area of influence around Lake Blphinstone (see Figure
51 and Fgure 5-2).). In similar circumstances where coastal wetlands are involved the State Coastal Management
Plan requires that a 100-metre buffer be considered. While a 100m buffer is not necessary for Lake Elphinstone a
distance of 30-50m from the high water mark should be adeguate, depending on the slope and amount of groundcover,
to ensure the nutrient input is reduced to a manageable level.

Fgure 52 Nutrient input zones
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Vegetation (groundcover) is important in the filtering process as it slows the flow of water and allows infiltration as well
as protecting the soil surface from ‘mechanical” damage caused by raindrops thereby reducing erosion. Removing
stock from the area of influence will enable the groundcover to regenerate and fulfil its filtering and erasion prevention
functions (see Figure 5-3). The other significant advantage will be the reduction in disturbance of the soil resulting from
stock moverment. With less disturbance sail erasion potential will also be reduced, as will be the remobilisation of
nutrients attached to salil particles.

A preliminary plan for the location of fences to exclude cattle from the areas most susceptible to disturbance and
nutrient input is provided in Appendix D. Apart from overland flow and submergence of nutrient enriched areas
nutrients will also enter the lake in tributaries’ inflow water. The relative contribution from the tributaries is not known
however it is presumed that it will not be as significant as the disturbed areas around the lake. Further catchment
studies, including water quality monitoring, are required to determine the condition of the tributaries and their
contribution to the nutrient budget of Lake Elphinstone.

The ather, assumed lower, source of nutrient input is the amenity block on the recreation reserve. Nutrients are
discharged in the westewater overflow, which then filters through the sail, and proceeds to the lake as sub surface flow.
The amount of nutrient is dependent on the amount of discharge, which relates to the number of people using the
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facilities. At times of peak load the amount of discharge will be considerably higher than ‘normel’ periods when few
people use the fadllities. As previously mentioned it is not the nutrient load from the talets that are the main issue
rather the human health risks assodiated with the seepage and the proximity to the main recreation and swinming
areas. While reducing nutrient loading is important reducing human health risks is also critical.

Fgure 5-3 Buffer to reduce nutrient input
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Management options to reduce nutrient input to the lake from the recreation reserve facilities are induded in Table 5-1.
Table 51 Amenity Block Management Options

Arrangements Management Option

Current system Event management including pumping out septic system and transporting weste to the
Glenden STP.

Current system Planting perennial native vegetation in the wastewater discharge zone to the high water
mark of Lake Elphinstone. Planting five metres wider than the expected flow path (see
Fgure 5-4.

Current system Replace or upgrade the current system to acceptable nutrient discharge levels.

New system Event management, dependent on system type, and may indude pumping out septic
system and transporting waste to the Glenden STP.

New system Imgated timber plantation.

Fgure 54 Amenity block vegetation filter
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(Note: Representative diagramonly - not to scale or plan)

Any future ‘development’ near the lake needs to be mindful of the requirement to incorporate appropriate buffers so
that stormwater run off is adequately filtered and sediment is not transported to the water body. If expanded
recreational facilities are to be constructed at any time in the future a total water cyde management approach needs to
be adopted to ensure all water bome nutrients are accounted for and do not artificially add to the nutrient load of the
lake.
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5.2.3 Removing Nutrients form the System

In the past the removal of nutrients from the system has been a function of through flow of storm water. Lake
Elphinstone has not been flushed since 1990/91 and as such the natural mechanism for removing nutrients has been
interrupted. The most practical option for nutrient removal is to wait for substantial rain to again flush the system One
event, however, may not be enough to restore the health of the lake and depending on the size of the rainfall evert/s it
may require a number of significant events over a number of years to return the lake to its ‘original’ balance.

The use of both submerged and floating macrophytes has been suggested for the uptake of nutrients from the lake.
Macrophytes are basically ‘large’ plants i.e. larger than the algae with a visible structure.

Submerged macrophytes could be grown around the edge of the lake in the shallow water and harvested using a
tractor and conventional equipment after the water has receded. Ottelia and Red Watermilfoill (Myriophyllum
verrucosum), both native submerged macrophytes, were suggested by van Hartevelt and Houweling (2001) although
the method of harvesting was nat mentioned. The biology and suitability of plants for this gption needs to be further
investigated along with the amount of nutrient likely to be removed by various spedies (dry weight). There would be
little point expending significant effort for little retum. A risk analysis is also required for this option as a failure to
harvest the material followed by inundation of the plants could result in fluctuations in dissolved oxygen levels to the
detriment of aquatic fauna.

Growing and harvesting floating macrophytes is another possibility. Again the biology, suitability and nutrient budgets
need to be assessed. Harvesting and removal of plant material from the site is a logistical issue to be investigated as is
the risk associated with flushing of plants from the lake if a major rainfall event follows a dry period where it has not
been possible to harvest material from the lake due to shallow water and/or other unfavourable conditions. Along with
potential downstream impacts the alteration to the ecology of the lake needs to be considered if a ‘new species is
introduced to Lake Elphinstone. This is equally valid for submerged and floating plant species.

Burdekin Shire Council has an aguatic weed harvester which harvests floating and submerged plants if there is enough
water for it to operate effectively (i.e. it will float in 300mm and operates effectively in 0.5 metre). Assuming there are no
obstacles in the lake e.g. rocks, the harvester could be used to implement nutrient removal through aguatic plant
harvesting. The casts involved in hiring and operating the harvester and removing the material from site are substartial
and could only be justified if there was significant environmental benefit and no likelihood of detrimental inHake or
downstream impacts.

Proprietary filtering devices are available in the market place, which purport to dean up ‘green’ water bodies. This
option has not been investigated in depth but may be worth further consideration as a short-term ‘ervironmentally
friendly’ option. If the nutrient removal process can be designed to involve some amount of cost recovery through sale
of the extracted nutrients as fertiliser, or replacement of costs associated with purchasing fertiliser, then any nutrient
removal scheme may be more realistic economically.

A more extreme, but potentially effective, method for removing nutrients from the system is to scrape the base of the
lake after it dries out. The removal of the top 510 cm of mud and dried algal scum would remove a substantial
proportion of the sediment and nutrient, which is continually being reactivated in the lake system resuiting in the
cyanobacteria blooms. To maintain the ecology of the lake removal of a proportion of the base, say one third of the
area, would be undertaken at any one time leaving the majority of the dormant fauna and flora  intact to recolonise the
lake when water returned.

Before any work is undertaken an assessment of the impact of such an action needs to be carried out. Issues to
consider include the nutrient loads of the sediment and the most appropriate section of the lake to remove the sediment
from, where the sediment will be removed to, and the impact of the removal of the sediment on the ecalogy of the lake.

While costing has nat been carried out the most effective and least intrusive method for removal of the sediment may
be the use of a grader to 'windrow' the top 5-10cm fallowed by the removal of the windrow using an elevating scraper.
A bunded storage area would be required near the lake to stockpile the material for removal to the designated end
destination e.g. soil conditioner for open cut mine rehabilitation.
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53  Monitoring Requirements

Current monitoring by Nebo Shire Coundil focuses on the health aspects associated with Lake Elphinstone. Weter is
routinely sampled for cyanobacteria counts to determine the need to wam the public about use of the lake for
recreational purposes. Other parameters are measured when a prgject is implemented e.g. CQU studies, and generally
only last for the length of the project.

To gain a better understanding of the occurrences and triggers of blue-green algae blooms in Lake Hphinstone
requires more than the knowledge of the number of algal cells in the weter. Knowledge of the sources, pathways and
destination of sediment and nutrients is also important as is temperature, pH, turbidity, water level and rainfall and
hydraulic characteristics.

Suggested minimum monitoring requirements are;

Current cyanobacteria counts continued and occasional toxin test to determine any relationship between counts
and toxin levels;

Rainfall (in the Lake Elphinstone catchment);

Lake water depth and evaporation rate;

Physio-chemical monitoring of the lake (N, P, temperature, turbidity, pH and dissolved oxygen);

Event monitoring of tributaries (N, P, temperature, turbidity, pH and dissolved oxygen and some estimete of flow),
and Anna Creek when Lake Elphinstone overflons (DNRM gaLiging station);

Periodic sediment sampling;

Sub surface flowss from the amenity block septic system

The monitoring suggested will initially provide baseline data and can subsequently be used to identify trends and
eventualy measure outcomes of management actions. With some additional work on the nutrient content of soils,
animal droppings and groundcover the weter quality information and other associated monitoring can be used to
complete the nutrient budget for the lake and help define the most appropriate management options for the Lake
Elphinstone catchment.

54  Health Requirements

Human hedlth is the main focus of attention at Lake Blphinstone at presert. It may be necessary in the short term to
focus more on the environmental health of the lake and cease all forms of recreation involving use of the lake and limit
recreational activities to the area above the high weter mark. Improving the ervironmental health of the lake will
ultimately result in improved human health outcomes when recreational use is reintroduced.

54.1 Cyanobacteria—general lake

Current management arrangements provide a safeguard against human health issues associated with use of Lake
Hphinstone through monitoring and warmnings when cyanobacteria cell counts reach potentially harmful levels.
Continuation of current practices, in accordance with recognised guidelines (Jones, Baker and Burch and NHMRC)
should be sufficient to protect the general public from any health risks associated with the recreational use of Lake
Elphinstone.

As the general pattern for blue-green algal blooms are known
(between October and May) the frequency of monitoring can
be tailored to sLit the situation.

Meintenance of a database with al recorded results from

monitoring of the lake would be a useful addition to the
cyanobacteria monitoring ‘tool box.

Fgure 55 Algal scum Lake Elphinstone January 2005
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54.2 Faeca coliforms —amenity block

According to van Hartevelt and Houweling (2001) an analysis of lake water for faecal coliforms provided readings
below the levels likely to cause health problems. They also noted “faecal coliforms however should be absent in a
healthy natural water body” (p.10). Occasional monitoring, particularly folloning major recreational events, would be
useful to determine the level of risk for the lake from faecal coliforms associated with the amenity block. Any proposed
new system for the recreation reserve should address the requirement of no release of faecal coliforms to the lake.
The Sport and Recreation Facility Needs Study (GHD 2002) has previously recommended the upgrading of the toilet
facilities as a matter requiring attention. This would ensure the public is not expaosed to any unnecessary ongoing
health risk s associated with release of pathogens from the septic system in the vicinity of the main recreation area.

54.3 Nitrates

Methaemoglobinemia is a condition characterised by reduced ability of the blood to carry oxygen because of reduced
levels of normal haemoglobin. One of the most common causes of Methaemoglobinemia is ingestion of nitrate in
drinking water. The natural level of nitrites and nitrates from the ervironment is normally a few milligrams per litre,
athough high levels may occur naturally in some areas. Contral of nitrate in drinking weter is an effective preventive
measure for Methaemoglobinemia. World Health Organisation® Guideline Value for nitrate in drinking water is 50 mg
flitre and for nitrite is 3mg/litre. (Source: hitp:/Amaw.who.intweter_sanitation_health/diseases/methaemoglol/er)

55 Recreation Reserve

The general theme of the Sport and Recreation Facllity Needs Study (GHD 2002) is to facilitate recreation while
maintaining the environmental values of the lake environs. It is recommended that the concept plan for Lake
Elphinstone be adopted as part of the overall management plan for Lake Elphinstone subject to on ground confirmation
of the components of the plan being consistent with the intent of this Management Plan.

There are a number of issues associated with the Recreation Reserve that need to be addressed. These are included
in Table 5-2 along with suggested management options.

Table 5-2 Management Issues and Options - Recreation Reserve

Issue Management Options

Cuitural heritage Interpretive signage, caretaker and location of activities away from significant places.
Erosion fromtracks Minor engineering works to divert water and prevent channelling.

Hre Designated fireplaces, fire management plan developed in conjunction with Lake

Elphinstone Station and interpretive signage advising of appropriate fire management.

Public encroachment on | Construction of fences at the edges of the Recreation Reserve with associated signage
neighbouring property and additional interpretive signage and map at the main activity area.

Sail disturbance Prohibited use of vehides in non-designated areas and below the high water mark.

Tollet facilities Upgrade or replace the current faciliies with a system that does nat result in the release
of nutrients and pathogens to the lake

Vandalism Establishment of facilities to enable a caretaker to be based at the lake.

Weste disposal Appropriate  receptacles and interpretive  signage  defining the activities that are
appropriate for the Recreation Reserve to protect environmental and recreational values.

Weeds Weed management plan to eradicate/contral exatic species and encourage regeneration

of native species. Provision of resources for use by the caretaker.

56 Communication and Education Requirements

Communication and education through interpretive signage and other methods is an integral component of the
management plan for Lake Elphinstone. Without the cooperation of the general public and key stakeholders the
effective management of Lake Elphinstone is not likely to succeed. Raising awareness of the reasons for taking the
necessary actions is a critical aspect in gaining the cooperation of the mgjority of people and the main pathway for
enlisting key stakeholders to take action to address the issues associated with the lake.

A focussed communication plan will play a key role in coordinating management efforts. The plan needs to indude a
number of elements, some of which are already being actioned, including:
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General communications associated with the operation of the Lake Elphinstone Alliance;

Blue-green algae warnings;

General and targeted (e.g. schodls, Council staff and coal mines) awareness raising to increase support for efforts
to improve the water quality and environmental values of Lake Elphinstone;

Development of information products on the history and issues associated with Lake Elphinstone;

Interpretive signage for the Recreation Reserve highlighting values of the lake, environmental issues and
management requirements to address the issues.

While all aspects of the communication plan are important the interpretive signage at Lake Blphinstone is critical to
produce the maximum impact on visitors whether they are local residents or tourists. Often actions are taken as a result
of ‘not knowing any better’. The interpretive signage will ensure Visitors do know better and hopefully they will then
make an informed choice and assist with management of the area rather than degrading it.

57  COther Metters
57.1 Catchment approach

While this Management Plan is based on catchment management principles funding available for the study restricted
investigations to the near vicinity of the lake. A catchment approach requires a broader study of the catchment to
determine the extent of factors impacting Lake Hlphinstone and the requirements to address the overall catchment
impacts.

Assumptions have been made about the impact of grazing activities in the immediate vicinity of the lake. A broader
catchment study could confirm these assumptions and provide more conclusive evidence of the need to implement

management actions such as fencing above the high water merk to restrict stock moverment, or may point to the need
for sediment detention areas prior to water entering Lake Elphinstone.

Most of the background information has been gathered and presented in this report and could be used as the basis for
the study which would involve rapid transit fieldwork using a handheld GPS to;

Define the physical boundary of the catchrment;
Map the main streams feeding Lake Elphinstone;
Determine sl type and variability/uniformity;
Determine Regional Ecosystem type and condition;
Determine groundcover extert;

Identify any other NRM issues encountered.

The information gathered could then be used, in conjunction with water quality and other monitoring, to determine the
impacts attributable to various areas of the catchment compared to the immediate environs of the lake.

5.7.2 Generd revegetation/carbon sequestration

Revegetation of spedific areas for filtration of nutrients is restricted to relatively small areas near the lake. The potential
exists for more extensive plantings of trees to restore the habitat values around the lake and to act as a carbon sink.

Organisations such as Greenfleet Australia, a nat for profit environmental organisation, provide for the planting of trees
to offset greenhouse gas emissions. The main offset provided by Greenfleet is from motor vehicle emissions.
Greenfleet accepts donations from motor vehicle users and the funds are then used to establish trees on participating
properties. An agreement is required from the property owner that the trees will not be removed or used for any other
carbon accounting purpases. Only local native trees are planted thus providing environmental benefits and a legacy for
future generations.

5.7.3 Teviot Dam comparison

Arrangements have been made with Burton Coal Mine (Thiess/Peabody) to access water quality information and visit
the dam site to compare landuse and weter quality characteristics with those of Lake Elphinstone. This was not
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accomplished within the timeframe of the study and would be a useful adjunct to the broader catchment study
recommended.

5.7.4 Additional information

A number of areas of information deficiency were identified during the study and have been mentioned in the text.
Some reference information was also identified as relevart to the study and has not as yet been sourced. Additionally
data from reports may be stored in a more accessible, and reliable, formet. This report has gone some way to callating
available data and some additional effort would be well spent to complete the process.

Additional informetion identified and not yet accessed or collated includes:

Watchman, A 1999, Lake Elphinstone, Burton Gorge: Rock At Protection Program, Gutha Bimbi Birri Gubba
Nanhi Bura Aboriginal Corporation;

Duivervoorden, L circa 1991, Previous work/study/report on Lake Elphinstone, Central Queensland University;
Foster, Damian 1990, Archaedlogical study in the vicinity of Lake Elphinstone, James Cook University;

Complete records of cyanobacteria sampling from Nebo Shire Council;

Rainfall figures from Lake Elphinstone Station;

Water quality information associated with Central Queensland University studies;

Integration with information from proposed studies and any ather investigations/projects in the vicinity

Ftzroy Basin Association Neighbourhood Catchments Project.
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5.8  Strategic direction and framework for implementation of the management plan

The strategic direction and framework for implementation of the management plan is based on existing initiatives and
an incremental approach to ontground works with the flexibility to incorporate new findings from additional
investigations and reviews of results from management actions.

581 Guidance and coordination

The Lake HEphinstone Alliance, with support from Nebo Shire Council, has been the main coordinating body for efforts
associated with the improverment of the condition of Lake Elphinstone. Through its network approach the guidance
needed has for the various initiatives undertaken has been at hand. The Lake Elphinstone Alliance (LEA) appears to be
an effective mechanism for promoting action and should retain its guidance and coordination role.

Communications between the Nebo Broadsound Landcare Group, Ftzroy Basin Association, Nebo Shire Council and
the Lake Elphinstone Alliance need to be more frequent to ensure initiatives such as the Neighbourhood Catchments
Programis fully integrated with propased management actions and funding applications for the lake.

5.82 Initial management actions

Initial management actions are described below. Some of the actions are in the form of gathering additional information
to ensure expenditure on management solutions addresses the causes and nat just the symptons.

Project Coordination and Communication

Action Requirements

Integrate  Nebo Broadsound Landcare Group and FHtzroy Basin  Assodiation | Communicationys, meeting
Neighbourhood Catchment Plan activities with the draft Lake BElphinstone Management | between relevant groups.
Plan.

Formelise a communication strategy to define: Resources to develop a
Communication between stakeholders; communication strategy or
Communication with the general public; LEAworkshop
Interpretive signage at Lake Elphinstone.

Recreation Reserve Delineation

Action Requirements

Fence either end of the reserve to: Boundary located,
Delineate property boundaries; Fencing meterials,

Manage cattle movement on the reserve; Labour and equipmert,
Reduce public encroachment on Lake Elphinstone Station, Signage.

Obtain funding for works or designate funds from annual maintenance budget/s
(Envirofund application submitted 17 February 2005).

Recreation Reserve Layout

Action Requirements

Install ballards to manage vehicle movements within the Recreation Reserve. Use areas marked,
Fending meterials,

Obtain funding for works or designate funds from annual maintenance budget/s | Labour and equipment,

(Envirofund application submitted 17 February 2005). Signage.

Recreation Reserve Tracks and Erosion

Action Requirements

Install weter diversion mounds to prevent channelling and erosion associated with | Problem areas identified,

hardened road surfaces within the resenve. Basic desigr/plan,
Labour and equipment.

Obtain funding for works or designate funds from annual maintenance budget/s.
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Recreation Reserve Amenities

Action Requirements

Determine/decide plans for the amenity block upgrade to enable an overall vegetation | Dedision, or darification of

plan for the reserve to be finalised, including nutrient intercept areas. decision.

Catchment Investigations

Action Requirements

Rap|d transit fieldwork using a handheld GPS to; Resources for  further
Define the physical boundary of the catchmert; investigations.

Map the main streams feeding Lake Elphinstone;
Determine sall type and variability/uniformity;
Determine Regional Ecosystem type and condition;
Determine groundcover extent;

Identify any other NRM issues encountered.

Determine hydrology of the catchment including any influences associated with
construction of Burton Gorge and Teviot Danrs.

Compare water quality information and landuse activities of lake Elphinstone and Teviot
Dam

Obtain funding for further investigations (Envirofund application submitted 17 February
2005).

Additional Information

Action Requirements

Source additional informeation identified including: Resources  for  further
Complete records of cyanobacteria sampling from Nebo Shire Council; investigations.
Rainfall figures from Lake Elphinstone Station;
Water quality information associated with Central Queensland University studies;
Duivenvoorden, L circa 1991, Previous work/study/report on Lake Elphinstone,
Central Queensland University;
Watchman, A 1999, Lake Hlphinstone, Burton Gorge: Rock At Protection Program,
Gutha Bimbi Birri Guloba Nanhi Bura Aboriginal Corporation;
Foster, Damian 1990, Archaeological study in the vicinity of Lake Elphinstone,
James Cook University;

Investigate algal and sediment filtering systems/jprocesses that could be used to remove
blue-green algae and/or sediment from Lake Elphinstone.

Investlgate funding options further investigations and implementation induding;
Australian Government Envirofund;
National Weter Initiative (Australian Water Fund);
Htzroy Basin Association CQ Strategy for Sustainability I1;
Coal mines in the sodial catchment area.

Monitoring

Action Requirements

Ongoing and additional monitoring to add to existing information and catchment studies; Resources for additional
Current cyanobacteria counts continued and occasional toxin test to determine any | monitoring and analysis.
relationship between counts and toxin levels;
Rainfall (in the Lake Elphinstone catchment);
Lake water depth and evaporation rate;
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Physio-chemical monitoring of the lake (N, P, temperature, turbicity, pH and
dissolved oxygen);
Bvent monitoring of tributaries (N, P, temperature, turbidity, pH and dissolved
oxygen and some estimate of flow), and Anna Creek when Lake Elphinstone
overflows (DNRM gauging station);
Periodic sediment sampling;
Sub surface floa's from the amenity block septic system

Obtain funding for sampling costs and any equipment reguired and/or include in annual

budget for maintenance of Lake Elphinstone or obtain sponsors e.g. Burton and North
Goonyella Mines (Envirofund application submitted 17 February 2005).

Revegetation

Action Reguirements

Determine current requirements of programs such as Greenfleet and incdude in | Intemet  search  and
considerations for Neighbourhood Catchment Plans/catchment  investigations and | communications with
integration with this management plan. relevant organisations.

Develop a revegetation strategy for the Lake Hphinstone catchment including weed

Resources for compilation

control and incorporating revegetation works and plans carried out for smaller areas near | and strategy preparation.
the amenities block.

Nutrient Budget

Action Requirements

Define the requirements to determine an approximete sediment budget for Lake | Input from CQU andior
Elphinstone utilising information from the catchment studies, additional informetion and | other expert advice.
monitoring.

Riparian Fencing

Action Requirements

Negotiate the placement of fencing, gates, firebreaks and watering points to facilitate the | Consultation  with  Lake
management of riparian areas around Lake Elphinstone and in particular the section from | Blphinstone Station

Anna Creek outlet around the westem side to Lake Elphinstone Station homestead.
Catchment studies may also identify creek sections requiring attention to be included in
the fencing program

Potertial revegetation options should also be considered and fences located to
accordingly.

Investigate funding options including Envirofund and FHtzroy Basin Assodiation initiatives.

owner/manager and/or
completion of catchment
studies.

See Additional Information

Sediment Input Reduction

Action

Requirements

Based on catchment studies, additional information and monitoring determine the
desirability and feasibility of installing sediment retention measures prior to stormweter
entering Lake Hphinstone

Resources for  further

investigations.

Macrophyte Harvesting

Action

Requirements

Investigate the feasibility of macrophyte growth and harvesting to extract nutrients from
Lake Elphinstone including the potential impacts associated with each species both in-
lake and downstream and the costs associated establishing, monitoring, harvesting and
processing/disposal of harvested meterial

Resources  for
investigations.

further
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Sediment Scraping

Action Requirements

Investigate the feasibility of ‘scraping’ 5-10cm of sediment from the dry lake bottom to | Resources  for  further
reduce the nutrient load of Lake Elphinstone. This incdludes sampling of the lake bed to | investigations.

determine nutrient loads and contained biology, the potential inlake impacts,
earthmoving and other costs and disposal of sediment material.

59 Conclusion

There is no simple and easy way to address the water quality and blue-green algal issues associated with Lake
Hphinstone. The ultimate solution may rely on natural processes in the form of above average rainfall events to flush
the system and retum some natural balance.

Rather than waiting for and relying on nature to repair man-made symptoms some of the contributing causes can be
addressed to assist with long-term sustainable solutions. Nature can manage natural systems over time but needs
hurman assistance to manage human impacts. What seems like a radical option i.e. sediment scraping, may in the long-
term be the best option regardless of the perceived short-term disturbance. Further investigations are required.

The options suggested will improve the recovery potential of Lake Elphinstone and assist with long-term maintenance
of weter quality and environmental health. The additional investigations suggested will ensure the solutions do not
result in detrimental impacts either inlake or downstream For this reason it is recommended that the beneficial
measures with no detrimental impacts are implemented as soon as practical and options with unknown or potertial
detrimental impacts are more closely assessed to ensure their suitability.

Actions to implement in order of priority are;

1) Integration of planning and management activities with Nebo Broadsound Landcare and Fitzroy Basin Association;
2) Monitoring;

3) Investigate the ‘Sediment Scraping’ option

4) Implementation of improvements to the Recreation Reserve, including toilet system upgrade;

5) Riparian fencing planning and installation;

6) Catchment studies and Additional Information;

7) Revegetation;

8) Nutrient budget and ather investigations.
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Appendix B Regional Ecasysterms and Dominant Spedies

Regional Ecosystem Numbers

Form Species

11325
11.8.27
1192
1195
11938
11.99

> 111104
11107
11.10.12

T/S Acacia burrowii

T Acacia harpophylla
Acacia holasericea
T/S Acacia shirleyi X
T/S Acacia sparsiflora X
T/S Acalypha eremorum X
T/S Acacia spp. X
Allocasuarina inophloia X
Alphitonia excelsa X
Angophora floribunda X
Angophora leiocarpa X
Avistida spp X
Arundinella nepalensis X
Brachychiton rupestris X
Callisternon viminalis X
Callitris baileyi xa
Callitris endlicheri
Callitris glaucophylla
Casuarina cristata X
Casuarina cunninghamiana X
Corymbia aureola
Corymbia clarksoniana
Corymbia trachyphloia
Dodonaea triangularis
Eremophila mitchellii X X X
Eucalyptus albens xa
Eucalyptus apothalassica
Eucalyptus bakeri
Eucalyptus camaldulensis X X
E. coolabah X
Eucalyptus crebra X X
Eucalyptus curtisii

Eucalyptus decorticans
Eucalyptus exserta

Eucalyptus fibrosa subsp. nubila
Eucalyptus melanophloia X X
Eucalyptus moluccana X
Eucalyptus orgadophila X
Eucalyptus panda X
Eucalyptus platyphylla X
Eucalyptus populnea X X
Eucalyptus raveretiana xa
Eucalyptus tereticornis
Eucalyptus tenuipes X
Eucalyptus virens
Eucalyptus viridis X
S Excoecaria dallachyana X

X
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x
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T/S Hindersia dissosperma X

T/S Ceijera parvifiora X

T Lophastemon suavedens Xb

T/S Lysicarpus angustifalius X

s Macropteranthes leichhardtii X X X

T Melaleuca bracteata X X

T Melaleuca fluviatilis xa

T Melaleuca leucadendra xb
Melaleuca spp. X

T Nauclea orientalis xa

TP Pandanus tectorius xb

T/S Petalostigma pubescens X
Rainforest species xb

Notes: Form- Tis tree, Sis Shrub, Gis grass and P is palm

Major vegetation communities of RE 11.3.27 include:

11.3.27a: Vegetation ranges from open water  aquatics and emergents such as Chara spp. Nitella spp., Myriophyllum
verrucosum, Nymphaea violacea, Potamogeton javanicus, P. crispus, P. tricarinatus, Ottelia ovalifolia, Vallisneria caulescens and
Nymphoides indica, A narrow fringing woodland commonly dominated by E. cameldulensis or E. coolabah but also a range of other
tree species may be present. Larger ephemeral - permanent water bodies (lakes).

11.3.27b: Vegetation ranges from open water  aquatics and emergents such as Potamogeton crispus, Myriophyllum verrucosum,
Chara spp., Nitella spp, Nymphaea violacea, Ottelia ovalifolia, Nymphoides indica, N. crenata, Potarmogeton tricarinatus, Cyperus
difformis, Vallisneria caulescens, Hydrilla verticillata and Egeria densa. Often with fringing woodland, commonly E. camaldulensis
or E. coolabah but also a wide range of other species including Eucalyptus platyphylla, Melaleuca spp., Acacia holosericea or other
Acacia spp. Openwater  aquatics and emergents associated with lakes and larger waterholes.

11.3.27c: Vegetation is seasonal and may consist of open water and/or a range of meinly aguatic species such as Pseudoraphis
spinescens, Marsilea drummondii, M. mutica, Persicaria subsessilis, Eleocharis spp., Nymphoides crenata, Chara sp, Nitella sp, or
Hydrilla verticillata. Often with fringing woodland, commonly E. camaldulensis or E. coolabah. Open water — emergent aquatics
associated with billabongs.

11.9.5 Carissa ovata, Owenia acidula, Croton insularis, Denhamia oleaster and Notelaea microcarpa in south-westemn areas

11.10.4 Habitat for rare and threatened flora species including Acacia deuteroneura, A. lauta, A. wardellii and Bertya calycina.
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Weter Quality Information

2004 Data
Sample Date 03 2604
Lab Ref 03EM1560 NSCBM30034R  |03EML717 NSC-

Sample No. 040-NEB LE Homestead LE centre LE Campsitg
Date Received 3034 31304 28404 3604
Cyanophytes (blue-green algae)
Nostocales
Anabaena spp. (coiled) 210
Anabaena spp. (straight) 810
Anabaena spp.
Anabaena aphanizomenoides 900
Anabaena circinalis 14C
Anabaena spiroides
Aphanizomenon spp. 260
Aphanizomenon gracile
Aphanizomenon issatschenkoi
Aphanizomenon ovalisporum 1180Q
Anabaenopsis spp. 410
Anabaenopsis elenkinii
Oylindrospermopsis raciborskii 137C 30600
Total (Nostacales) 3200

Oscillatoriales
Geitlerinema spp.
Limnothrix spp. (Family?)
Lyngbia spp. (Family?)
Oscillatoria princeps
Planktothrix spp. 2790
Planktolynglya spp. 64000
Planktolyngbya minor 300
Planktolynglya sultilis 7100
Pseudanabaena spp.
Pseudanabaena limnetica 30500 780 6200
Pseudanabaena galeata 60
Pseudanabaena mucicola 4000 120
Romeria spp.

Spirulina (laxissimea) spp.
Other Oscillatoriales
Total Oscillatoriales 102000 900

Chroococcales

Aphanocapsa spp. 191000
Aphanothece spp. ns. 4080(
Chroococcus minimus
Chroococcus spp.
Cyanodictyon spp.
Cyanodictyon libera
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Cyanodictyon imperfectum 85500
Cyanonephron spp. (Family?)

Merismopedia spp. 67200

Merismopedia tenuissima 6300
Microcystis aeruginosa 1180C 360 400
Microcystis incerta

Microcystis panniformis 230000

Microcystis spp. 370

Myxobaktron spp. ns.

Raphidiopsis spp. (Family?)

Rhabdoderma spp.

Snowella spp.

Synechococcus spp. ns.

Total (Chroococcales) 500000 360Nl

Total (Cyanophytes) 605000 1260 189600
Total cells per ML 605000 1260 189600
Note: Green shading indicates known toxic species

Sample Date

Lab Ref 04EM3B11 O4EMATS OAEMBB204EMB17
Sample No. LE 054-NEB 057-NEB053-NEB

Date Received 31804 141004 41104 101104
Cyanophytes (blue-green algae)

Nostocales

Anabaena spp. (coiled) 2200

Anabaena spp. (straight) 27600 60632

Anabaena aphanizomenoides 806250 1016565

Aphanizomenon gracile 87800

Anabaenopsis spp. 32900 5500
Oylindrospermopsis raciborskii 500

Oscillatoriales

Geitlerinema spp. 6200 7200

Planktothrix spp. 22100 249200

Planktolynglya spp. 17200

Planktolyngloya minor 95000 10000

Planktolyngloya subtilis 190400 45257

Pseudanabaena spp. 61544

Pseudanabaena limnetica 19600 183000

Pseudanabaena galeata 2200

Romeria spp. 2900

Spirulina (laxissima) spp. 1200

Other Oscllatoriales 175000

Chroococcales

Aphanocapsa spp. 4200 34104

Aphanothece spp. 148000 7200

Chroococcus minimus 26690

Chroococcus spp. 6600

Cyanodictyon spp. 2800 800

Cyanodictyon libera 1200

Merismopedia spp. 2404260 332000
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Microcystis aeruginosa 33150

Microcystis spp. 4400 200
Rhabdoderma spp. 200

Snowella spp. 11900

Synechococcus spp. 600 600

Total (Chroococcales) Nil 2640000 376000Nil
Total (Cyanophytes) 3950000 2200000

Total cells per ML 3950000 2200000

Note: Green shading indicates known toxic species

2004 Summary - Cyanophyte and toxic blue green algae cell counts

Sample Cyanophyte Aphanizomenon | Cylindrospermopsis | Microcystis | Microcystis
type and | cells per ML ovalisporum raciborskii aeruginosa | panniformis
date

03¢ 605,000 1,370 11,800 230,000
31304 HA 1,260 360

28404CL Nil Mycrosystins

2604 CA 189,000 11,800 30,600 400

31804 Nil Mycrosystins

141004 3,950,000 500 33150

41104 2,200,000

01 Nil Mycrosystins

Notes: ‘Comp’ is composite sample callected from the centre of the lake unless atherwise labelled. “Scum is a surface
sample comprising algal scum taken from near the boat ramp unless otherwise labelled. CA is canmping area, HA is
Homestead area, CL is the centre of the lake.

2002 Data

Sample Date

Lab Ref 02EM6B7] 02EMB00 02EM423 O2EM277  O2ENVR05
Sample No. Camp aregCanp area Camparea  [Canparea LE edge
Date Received 21102 291002 151002 11902 27802
Cyanophytes (blue-green algae)

Oscillatoriales

Planktothrix spp. 4560

Pseudanabaena limnetica 50

Pseudanabaena mucicola 2160

Other Oscillatoriales 215 50
Chroococcales

Aphanocapsa spp. 33000 1330

Microcystis aeruginosa 3330C 2580C 1850 7600
Microcystis panniformis 40900C 1380C

Synechococcus spp. 35

Total (Cyanophytes) 447000 48800 25800 4060 7600
Total cells per ML 447000 43800 25800 4060 7600
Note: Green shading indicates known toxic species

Sample Date 20702 20702 24602

Lab Ref 02EM206 NSC29072  NSC29072 02EM56 NSC24062
Sample No. LE centre LE centre LE edge LE graly

Date Received 27802 30702 30702 16702 27602
Cyanophytes (blue-green algae)

Oscillatoriales
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Planktolynglya spp. 210
Pseudanabaena mucicola 3630

Spirulina (laxissimea) spp. 400

Total Oscillatoriales 61Q
Chroococcales

Microcystis aeruginosa 375C 14570 315

Microcystis incerta 29220

Total (Chroococcales) 3750Nil 315Nl

Total (Cyanophytes) 3750 925

Total cells per ML 3750>10 algal spp 47420 925>10 algal spp
Note: Green shading indicates known toxic species

Sample Date

Lab Ref 01EMI1979 01EM1940 O1EMI941] O1EM1682 01EM1547
Sample No. LE Camp area LE grab LE conp LEgral] LE Campgrab
Date Received 13602 4602 4602 16402 27302
Cyanophytes (blue-green algae)

Nostocales

Oscillatoriales

Planktothrix spp. 1440
Planktolynglya spp. 9000 30000
Planktolyngloya minor 2000
Pseudanabaena mucicola 4150
Chroococcales

Aphanocapsa spp. 61100 13500
Merismopedia spp. 1800
Microcystis aeruginosa 145 3 13900 293000
Raphidiopsis spp. (Fanily?) 6540
Total (Chroococcales) Nil 145 35

Total (Cyanophytes) 145 35 90500 597000
Total cells per ML 145 3 90500 597000
Note: Green shading indicates known toxic species

Sample Date

Lab Ref 01EMI1548 01EMI352 O01EMI353  O1EMI1262 01EM1263
Sample No. LE Camp cong LE scum LE conp LE scun LE conp
Date Received 27302 13302 13302 26207 26202
Cyanophytes (blue-green algae)

Nostocales

Anabaena spp. (straight) &

Anabaena spp. 5610 2590

Aphanizomenon spp. 770

Oscillatoriales

Limnathrix spp. (Family?) 330 950

Lyngbia spp. (Family?) 26600 39000

Planktolyngbya spp. 40500 18000 4750 93300 13000
Planktolyngloya minor 12000 7500 9600 10000
Pseudanabaena spp. 1650 85

Pseudanabaena mucicola 151000 150 43700 10700
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Romeria spp.

Spirulina (laxissima) spp. 600

Chroococcales

Aphanocapsa spp. 1950 51900 74400 3500

Cyanonephron spp. (Family?) 24300 3900

Merismopedia spp. 1200 9600 2800 800

Microcystis aeruginosa 4940C 20800C 52000 7000

Raphidiopsis spp. (Fanily?) 1250 193000 99700 399000 78500

Total (Cyanophytes) 116000 702000 194000 647000 119000

Total cells per ML 116000 702000 194000 647000 119000

Note: Green shading indicates known toxic species

Sample Date 21102 21102 15102 15102 8102 8102

Lab Ref NCS21012 NCS21012 NCS15012 [NCS15012 (CAS- CAS-
NBOS012 ~ |NBO8012

Sample No. LE centre comp |LE scum LEcomp [LEscum ([LEcentre  |LEcentre
comp conp

Date Received 2102 2102 16102 161072 11104 11102

Cyanophytes (blue-green algae)

Nostocales

Anabaena spiroides 470 1250 60 1480

Aphanizomenon issatschenkoi 110

Anabaenopsis elenkinii 30 85

Oscillatoriales

Lyngbia spp. (Family?) 430 24900 55000 18900 640 33700

Oscillatoria princeps 1840

Pseudanabaena mucicola 240 70 20 790

Chroococcales

Microcystis aeruginosa 101C 480 0 12530

Total (Cyanophytes) 430 26650 56800 18960 3190 48360

Total cells per ML 430 26650 56800 18960 3190 48860
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- from White, S.H. 2002, Aspects of Limnology of Lake Elphinstone with Special Reference to the Phytoplankton and its
Toxicity, Honours Thesis, Schodl of Biological and Environmental Sciences - Freshwater Ecology Group, Central

Queensland University, Rockhampton
Physio-chemical water quality properties
ANZECC Maximum values 2002

Parameter guidelines March May July
Total Pmicrograms / L 10 164 217 216
Total Nmicrograms/ L 350 2930 36A 3664
NO micro grams / L 10 970 1031 1592
NH micrograms/ L 10 2150 40 120

Range of values
Dissolved oxygen % saturation 90120 835-227.1 456-71 91.4-1033
Conductivity - salinity micro siemens (US) / cm 90-900 1296 - 1439 1496 - 1627 1690- 1860
pH 6t09 854-9.35 853-8.82 8.27-852
Source: White (2002) p. 71 and p. 63
Temperature

Homestead Area Camping Area
Max Min Ave Max Min Ave
March 3301 2348 2563 291 2338 582
April 01 2129 2346 26.48 214 235
May 2334 17.18 205 5.72 17.74 255
June 24.96 1281 17.98 2331 12.73 17.52
July 2108 23A 16.02 2114 1211 15.65
Source: White (2002) p. 33
Weater quality parameters and Microcystis panniformis dominance May 2002
Sample point
Parameter Boat ramp Camping area I—lor;aesetleed Lake centre

Surface temperature €C 23.23 20.76 23.28 201
Surface pH 8.82 871 855 853
Surface conductivity uS/cm 1621 1623 1623 1621
Surface dissolved oxygen % saturation 456 55.9 71 61.9
Seechi depthcm 13 125 15 15
Z eu Euphatic depth 3348 37.29 30.67 30.72
Total nitrogen mg/ L 3.69 327 322 328
Total phosphorus mg / L 0.2 0.13 0.12 0.15
Nitrite micro grams/ L 145 127 75 1.2
Nitrate micro grams / L 656 678 678 697
Ammonia micrograms / L 401 37 3095 31.7
Microcystis panniformis cells / mL 119,600 383,950 5,800 3,985

Source: White (2002) p. 136
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from van Hartevelt, A, and Houeling, S. 2001, Cyanoprokaryotes in Lake Elphinstone: Predicting and Preventing
Cyanaprokaryote Blooms, Central Queensland University, Rockhampton.

Fom Table 3.3 (p.9)

Sample point
Parameter Boat ramp | Camping area | Homestead area | Lake centre
Surface to 2 metres temperature &C 20-18.7 20.2-19 20.3-20 20-195
(‘% g Surface to 2 metre pH 88885 8.85 868.75 88
0 Surface to 2 metre dissolved oxygen
% saturation 75-70 50-55 12590 80-75
Surface to 2 metres temperature €C 26.1-25.5 26.1-255 25.824.8 26255
8 g Surface to 2 metre pH 9.25 9.25 8892 9.3
9 Surface to 2 metre dissolved oxygen
% saturation 175160 170-155 180-165 180-160
Estimates from graphs (p.10)
Sample point
Phosphorus (bound and dissolved) ppb Boat ramp | Camping area | Homestead area | Lake centre
13 June 2001 830
20 August 2001 900
27 August 2001 860
5 September 2001 820 770 810 840
Estimates from graph (p.8)
Cyanoprokaryote count - cells per mL
Sample point May-04 May-21 May-25 Jun-04 Jun-12 Jun-18 | Aug Sep Cct
Homestead area 190,000 389,600 301,600 478,600 18,400 82,800 <2500
Camping area 386,000 323,400 252,000 332,000 46,800 100,800 <2500
pp. 10-11
Cyanoprokaryote species present
May June July
Cyanoprokaryote species 4th | 21st | 26th | 4th | 12th | 18th | 25th | 2nd | 9th | 17th
Aphanocapsa incerta X X X X X X X
Cyanodiction imperfectum X X
Cylindrospermopsis raciborskii - coiled X X
Cylindrospermopsis raciborskii - straight X X X X X X X X
Merismopedia sp. 1 X X X X X
Merismopedia sp. 2 X X X X
Microcystis aeruginosa X X X
Microcystis botrys X X X X X
Planktolyngbya subtilis X X X X X X X X
From Table 34 (p.15)
Coliform count —organisms per 100mL
Sample point Total Coliforms | Faecal coliforms
\Western bank - 20 mfrom shoreline 27 11
\Western bank - 50 mfrom shoreline 130 14
Eastem bark - 100 m from shoreline 13 8
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from the Department of Natural Resources and Mines WaterShed database
Station: 1304074 Lake Elphinstone (Start date 2/6/1998 and End date 27/10/1998)

Variable Minimum Maximum Mean Standard Dev
Stream Water Level (m) 0 0 0

Stream Discharge (Cumecs) 0 0 0

Dist. below Water Surface 0.2 0.3 0.25

Conductivity @ 25C (uS/cm) 600 853 7255 178.89802
Conductivity @ 25C (uS/cm) 605 7475 201.52543
Turbidity (NTU) 1 R5 5175 57.6292
Turbidity (NTU) 25 17 69.75 66.82159
Colour True (Hazen units) 8 31 195 16.26346
Air Temperature 22 232 25 0.84853
Water Temperature 21.2 239 255 190919
pH (pH units) 7.88 9.13 8.505 0.88338
pH (pH units) 855 94 8.975 0.60104
Total Alkalinity as CaCO3 (mg/L) 1635 2213 1924 40.87077
Total Alkalinity as CaCO3 (mg/L) 11 170 140.5 41.7193
Phenolphthalein Alkalinityas CaCO3 | 0 0 0

Hydroxide as OH (mg/L) 0.01 0.2 0.105 0.13435
Carbonate as CO3 (mg/L) 0.88 19.28 10.08 13.01075
Bicarbonate as HOO3 (mg/L) 197.64 230.06 21385 29244
Hardness as CaCO3 (mg/L) 63.05 63.1 63.075 0.03526
Hydrogen as H (mg/L) 0 0 0

Total Diss. Solids (mg/L) 328 4789 40345 106.70241
Total Diss. lons (mg/L) 427.76 591.34 509.55 115.66853
Total Suspended Sdlids 6 135 705 9121677
Nitrate as NO3(mg/L) 0 0.7 0.35 0.49497
Total Nitrogen (mg/L) 0.8987 3.3966 2.14765 176628
Oxygen (Dissolved) (mg/L) 71 102 8.65 219203
Total Phosphorus as P (mg/L) 0.0391 0.2037 01214 0.11639
Potassiumas K (mg/L) 10.8 16.6 13.7 410122
Calciumas Ca soluble (mg/L) 7.8 126 10.2 3.3411
Chloride as d (mg/L) 2.6 144.85 118.725 36.94633
Magnesium as Mg soluble (mg/L) 7.7 10.6 9.15 2.05061
Sodiumas Na (mg/L) 1035 160.6 132.05 40.3758
Sulphate as SO4 (mg/lL) 0.98 11 14 0.08485
Aluminiumas Al soluble (mg/L) 0 012 0.05 0.08485
Boron as B (mg/) 01 0.2 0.15 0.07071
Copper as Cu soluble mg/L 0.01 0.01 0.01 0.02
Huoride as F (mg/L) 0.23 0.37 0.3 0.09899
Iron as Fe soluble (mg/L) 0.01 01 0.055 0.06364
Manganese as Mn saluble (mg/L) 0 0 0

Silicaas SO2 soluble (mg/L) 0.7 45 25 268701
Zinc as Zn soluble (Mmg/L) 0 0 0

Source: http:/Amwmwv.nme. gld.gov.auwatershed/precomp/1304074/1304074.htm
Note: Standard Dev is S tandard Deviation from the mean.

Gauging station location: Anna Creek/Isaac River catchment.
Latitude; 21:32:24S Longitude: 148:14:12E Hevation: 365.000
Grid Reference: Zone - 55 Easting -  628065.0 Narthing- 7617571.0
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Appendix D

Proposed Fencing Plan and GPS Waypoints Description
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Legend
Bxisting fences - white dotted lines
Proposed fences —red dotted lines
60 — scar tree
2810 34 —Water line at 12 January 2005
Numbers — GPS waypoaints (see table
below for descriptions)

Note: not all waypoints have been included
on the map due to space constraints
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Distance

Description and comments

To

Metres

Glenden car park

Glenden turn off

Isaac River

Road bend

Ridge top

Bend

Damand end of bend

Ridge start left hand bend near antenna

End bend start of straight

Ridge above dam

LE North Goonyella turn off

LE Station turn off —fence along right hand side of track

House gates FBF sign/ grid

Fence comer

Intemal fence

&

Intemal fence (on main road) [To 50—303 m|

KSR &R
CHEE

N

Intemal fence (on main road)

North Goonyella road fence line — road fenced on both sides 15-20mfromroad

Creek/culvert

&

597

Gate and track with ‘old’ intemal fence

Small creek/culvert —treed area mostly regroath

Intemal fence —edge of Resenve

28

470

Small gully/culvert with downstream erosion. Near turn to water tanks.

LE recreation area entrance grid

Corner ballards and camping area

27

80X BINRB 5|

Melaleuca edge and edge of upper weater level according to Neville Bell.

Fve metres downhill couch and gomphrena weed then grades into sedge and
couch with some Rhodes Grass further downslope. Para grass dloser to the
water edge with gully erosion in exposed areas but more remobilisation of
existing meterial than serious erosion.

Further north is flannel weed and para grass with multi leaved plant probably
legume. Some small rabhit scats. Sandy sails from the car park down to the
water edge.

Plant succession is Melaleuca leucadendra gives way to Eucalyptus
camaldulensis then E tesselaris, ironbark and Mel bracteata.

Northem end of ballards

End fence/Reserve. Bird sanctuary No boats beyond this paint.

1400

Water edge. Photo of weter.

Water edge

®B8|8BN

Water edge down from ballard end (27). Crow and small water birds in shallow
water at lake centre. Black wing white body birdsieders. Plovers.

Water edge at the southern end of camping area ballards (25).

Water edge at the southern end of ballards. Algae phato.

Weater edge down from boat ramp.

8RB

Top of boat ramp on fence line and bollards comer.
Sodic duplex spewy soil anvay from lake edge towards boat ramp. Track
gravelled.

Old grid fence line on North Goonyella road.

Photo point 4m from fence at outlet end of lake.

8|98

Edge of weed patch. Prickly feek weed plus flannel weed and mullti leaved plant
plus athers. Photos
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39 Fence comer. 86 3100
40 | Intemal fence North Goonyella road with main creek near road
41 | North Goonyella road left hand bend
42 | North Goonyella road creek and right bend through range.
43 | Burton mine road tum off. North Goonyella 32 km and Mt Coolon 64 km
44 | Ridge top of LE catchment. Prior to that point the catchment extends orto the
north side of the road.
45 | Dam
46 | Topofrange
47 | Fence and centre of track/old Lake Elphinstone road 48 114
48 Fence comer 49 47
49 | Fence comer Poplar box 50 8
50 | Fence intermd joins to boundary fence. Follow the fence. Ground cover 50% | 51 450
Harrisia cactus. Soils mobile when disturbed.
51 | Pipeline valves and offtake points. 3’ paly line. 5 mfrom fence. 52 3
52 | Fence bend - bulloak beefwood. Fissured trees and Poplar Box. 53 523
53 | Scartree. and relief valve. Peppermint? Photos. ) 160
5 | Fencejoins fence and gate. 7mto fence corner. 56 156
55 | Fence and edge of creek. ) 40
5 | Point on dd fenceline. 57 212
57 | Od stump below Poplar Gums and Melaleuca bracteata. 58 246
58 | Noreference point —bend. 59 115
59 | Odfenceline. 60 179
60 | Od scartree. 62 210
61 | Grassed areanear head of gully.
62 | Gully head. Podl upstream Photos. 64 206
63 | Lonered gumand Harrisia catcus. Poplar Guns. [To 64 — 58] 62 183
64 | Line fromgully head. 65 193
65 | Pont 66 158
66 | Pont. 67 147
67 | Pont. 68 137
68 | Boundary fence. 81 173
69 | Fence—change in soil from very spewy hard setting to less spewy. 68 9
70 | Gully fence. Photos. 69 139
71 | Concrete pads —October 1982, 70 85
72 | Fence and end of pads. 71 149
73 | Fence and small patch of Brigalow. 72 218
74 | Fenceinline with culvert in road. 73 224
75 | Fence bend. 74 197
76 | Fence and centre of track old Lake Elphinstone road. 75 12
77 | Fence bend. 76 26
78 | Boundary fence corner near road intersection. Steel gate. [To 48— 16.8m 77 185
79 | Culvert
80 | Culvert
81 | Fencebend. 83 212
82 | Roadedge.
83 | Fencebend. 87 278
84 | Roadedge.
8 | Fencebend 86 329
86 | Tree edge fence posts and creek. [To 13 — 2000 12 2500
87 | Fencebend. 85 71
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Lake Elphinstone visit 12 01 2005

WP | Latitude S Longitude E UTMEastings | UTMNorthings | Altitude m
1 | 213588828 | 148.1175099 615867.02 763772141 3741
2 | 21.3480442 | 148.1288066 617047.02 7638912.80 3H70
3 | 214570060 | 148.1941349 623729.86 7626791.22 364.0
4 | 214656129 | 148.2074689 625104.33 7625837.84 3673
5 | 214744254 | 148.2164284 626025.14 7624855.13 3B44
6 | 204792567 | 148.2210426 626499.06 7624316.60 3887
7 | 214841211 | 148.2228590 626683.05 7623776.64 3919
8 | 214887475 | 148.2231807 626712.38 7623264.25 3926
9 | 214944926 | 148.2258522 626984.17 7622626.11 3878
10 | 21.5048447 | 148.2422434 628673.19 7621466.75 3734
1 | 215116597 | 148.2530413 629785.74 762070341 3628
12 | 21.5155499 | 148.2590403 630403.69 7620267.77 3714
13 | 21.5296143 | 148.2533793 629804.80 7618715.57 3570
14 | 21.5254748 | 148.2567557 630158.20 7619170.9 1
15 | 21.5231526 | 148.2572683 63021341 7619427.64 3496
16 | 215146455 | 148.2578246 63027857 7620368.90 3678
17 | 215131552 | 148.2554100 630029.77 7620535.89 3618
18 | 215118004 | 148.2527715 629757.66 7620688.06 3580
19 | 215164517 | 148.2363085 628048.21 7620186.75 3508
20 | 215212483 | 148.2352657 627935.99 7619656.63 389
21 | 21.5213754 | 148.2352566 627934.94 7619642.56 359.7
22 | 21.5300570 | 148.2349659 627897.23 7618681.77 3623
23 | 21.5362269 | 148.2346829 627862.51 7617999.00 3625
24 | 215382151 | 148.2349252 627885.86 7617778.71 3508
25 | 21.5380673 | 148.2362666 628024.92 7617793.97 36.5
26 | 215380412 | 148.2364202 628040.85 7617796.73 346.2
27 | 215361873 | 148.2368687 628083.93 7618001.58 3H24
28 | 21.5307872 | 148.2304193 628357.90 7618597.28 348
20 | 215322031 | 148.2389358 628306.52 7618440.4 346.2
30 | 215341249 | 148.2381535 62822381 7618228.84 A81
31 | 215362339 | 148.2375126 628155.58 7617995.35 3493
32 | 215381804 | 148.2370805 628109.12 7617780.78 F5.1
3B | 21.5404137 | 148.2360806 628003.60 7617534.37 k24
A | 215422381 | 148.2350964 627900.07 7617333.23 346.7
35 | 215418097 | 148.2341788 627805.41 7617381.41 3496
3H | 21.5464997 | 148.2311290 627485.46 7616864.72 k.7
37 | 21.5489277 | 148.2308207 62745140 7616596.20 3539
38 | 215482807 | 148.2315280 627525.22 7616667.23 K12
3P | 215492827 | 148.23079%61 627448.55 7616556.92 356.3
40 | 215506188 | 148.2297098 627334.89 7616400.90 3H70
41 | 215545610 | 148.2219010 626522.78 7615979.86 356.5
42 | 215732286 | 148.1878105 622976.73 7613940.68 351
43 | 21.57343%6 | 148.1845>48 622639.45 7613919.89 3308
44 | 215194048 | 148.2652465 63104311 7619835.85 3623
45 | 215240633 | 148.2743612 631983.04 7619312.47 3710
46 | 215245183 | 148.2772545 632282.31 7619259.65 3717
Lake Elphinstone visit 21 01 05

47 | 215128393 | 148.2544923 629934.99 762057162 3250
48 | 215127506 | 148.25441%4 629927.52 7620581.50 3335
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49 | 215131638 | 1482544972 629935.21 7620535.70 3421
50 | 215134186 | 148.2552271 630010.59 7620506.89 3522
51 | 215172404 | 148.2538061 629860.00 7620085.00 3594
52 | 215175288 | 148.2537471 629853.63 7620053.12 3585
53 | 21.5220697 | 148.2524500 629715.24 7619551.52 348
A | 215234841 | 148.2521497 629682.88 7619395.20 3HL7
55 | 215238388 | 148.2521001 629678.36 7619355.97 3527
56 | 21.5238050 | 148.2506927 629531.68 7619360.89 305
57 | 215235075 | 148.2486621 629321.62 7619395.50 3484
58 | 21.5216706 | 148.2473629 629188.66 7619590.92 349.8
50 | 215206436 | 148.2474675 62920041 761971352 3493
60 | 21.5190486 | 148.2477/094 629226.87 7619889.89 315
61 | 21.5175052 | 148.2474480 629201.17 7620060.95 6.7
62 | 21.5172000 | 148.2473049 629186.61 7620094.86 346.2
63 | 215183806 | 148.2460825 629058.95 7619965.18 343
64 | 215181341 | 148.2455935 629008.51 7619992.87 3464
65 | 215171903 | 148.2440392 628848.34 7620098.63 346.2
66 | 21.5160900 | 148.2430677 628748.68 7620221.23 3448
67 | 215158518 | 148.2416875 628605.92 7620248.74 3395
68 | 215149801 | 148.2407498 628509.55 7620346.01 339.0
69 | 215149011 | 148.2416237 628600.15 7620354.04 A74
70 | 215147711 | 148.2429653 628730.23 7620367.32 3512
71 | 215147267 | 148.2438003 628825.77 762037154 332
72 | 215144513 | 148.2451802 628968.95 7620400.89 344
73 | 215141809 | 148.2472915 629187.89 7620429.08 355.8
74 | 215138206 | 148.2494087 629407.53 7620467.22 351
75 | 215134914 | 148.2512925 629602.95 7620502.09 354.8
76 | 215132519 | 148.2516108 629636.14 7620528.34 3580
77 | 215131081 | 148.2517870 629654.52 7620544.11 3594
78 | 215119363 | 148.25307/04 629788.51 7620672.76 3621
79 | 215136480 | 148.2492568 62939195 7620486.45 365.7
80 | 215138486 | 148.24709%66 629167.99 7620466.03 364.0
8l | 215152284 | 148.2390968 628338.11 7620319.88 382
82 | 215149688 | 148.239039%5 62833241 7620348.66 3587
83 | 215160320 | 148.2372401 628145.08 7620232.44 356.5
84 | 215159233 | 148.2370555 628126.05 7620244.63 356.3
8 | 215188156 | 148.2356220 627975.03 7619925.64 356.3
86 | 21.5217705 | 148.2355875 627968.87 7619598.55 382
87 | 215181916 | 148.2359036 628004.75 7619994.48 359.2
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WHO Guideline Extracts
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Whorld Health Organization 2003, Guidelines for safe recreational water environments: Volume 1 Coastal and Fresh
Waters, World Health Organization, Geneva

The World Health Organization's (WHO) new Guidelines for Safe recreational Water Environments describes the
present state of knowledge regarding the impact of recreational use of coastal and freshwater environments upon the
health of users — specifically drowning and injury, expasure to cold, heat and sunlight, water quality (espedially
exposure to weter contaminated by sewage, but also expasure to freeliving pathogenic microorganisis in recreational
water), contamination of beach sand, exposure to algae and their products, exposure to chemical and physical agents,
and dangerous aquatic organisns. As well, control and monitoring of the hazards associated with these environments
are discussed.

The primary aim of the Guidelines is the protection of public health. The Guidelines are intended to be used as the
basis for the development of international and national approaches (including standards and regulations) to controlling
the health risks from hazards that may be encountered in recreational water ervironments, as well as providing a
framework for local decision-meking. The Guidelines may also be used as reference material for industries and
operators preparing development projects in recreational weter areas, as a checklist for understanding and assessing
potential health impacts of recreational projects, and in the conduct of environmental impact and environmental health
impact assessments in particular.

List of acronyms, preface, acknowledgements

Executive summary

Chapter 1 —Introduction

Chapter 2 - Drowning and injury prevention

Chapter 3 - Sun, heat and cold

Chapter 4 - Faecal pallution and water quality

Chapter 5 - Free-living micro organisims

Chapter 6 - Microbial aspects of beach sand quality

Chapter 7 - Algae and cyanobacteria in coastal and estuarine waters
Chapter 8 - Algae and cyanobacteria in fresh water

Chapter 9 - Aesthetic issues

Chapter 10 - Chemical and physical agents

Chapter 11 - Dangerous aquatic organisms

Chapter 12 - Monitoring and assessment

Chapter 13 - Application of guidelines and management options
Appendix A - Lifeguards
http:/Amwwho.intwater_sanitation_healthvbathing/srwel/ery

WHO Guidelines for drinking-water quality, third edition Volume 1 — Recommendations

The first and second editions of the Guidelines for Drinking-water Quality were used by developing and developed
countries worldwide as the basis for regulation and standard setting to ensure the safety of drinkingwater. They
recognized the priority that should be given to ensuring microbial safety and provided guideline values for a large
number of chermical hazards.

This edition of the Guidelines has been comprehensively updated to take account of developments in risk assessment
and risk management since the second edition. It describes a “Framework for Drinking-water Safety” and discusses the
roles and responsibilities of different stakeholders, induding the complementary roles of national regulators, suppliers,
communities and independent “sunveillance” agencies.

Developments in this edition of the Guidelines include significantly expanded guidance on ensuring the microbial safety
of drinkingwater — in particular through comprehensive systemespecific “water safety plans”. Information on marny
chemicals has been revised to account for new sciertific information and information on chemicals not previously
considered has been included. For the first time, reviews of many weterborme pathogens are provided.

http:/Ammwwho.intwater_sanitation_healtb/dwo/gdwoery
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BExtracts from - World Health Organization 2003, Guidelines for safe recreational water environments: Volume 1
Coastal and Fresh Waters, World Health Organization, Geneva

CHAPTER 4. FAECAL POLLUTION AND WATER QUALITY

Page | Extract

63 To meet health targets ultimately based on a tolerable risk of illness (see section 4.4), achievable
objectives need to be established for water quality and associated management. Hazard analysis and
critical contral point (HACCP) provides an example of a possible approach. It is a risk management
tool that promotes good operational/management practice and is an effective quality assurance (QA)
systemthat is used in the food and beverage industry (Deere et al., 2001).

For recreational weters, the HACCP approach has been interpreted as described in Table 4.6. This
risk management procedure should be approached in an iterative manner, with increasing detail
propartional to the scale of the problem and resources available. By design, HACCP addresses
principally the needs for information for immediate management action; when applied to recreationa
water use areas, however, its information outputs are also suitable for use in longerterm
classification.

63 4.4 Guideline values
In many fields of environmental health, guideline values are set at a level of exposure at which no
adverse health effects are expected to occur.

65 Guideline values and standards for microbial water quality were originally developed to prevent the
occurrence of outbreaks of disease. However, there was limited informeation available concerning the
degree of hedlth protection they provided.

In setting guidelines for recreational water quality, it would be logical to ensure that the overall levels
of health protection were comparable to those for other water uses. This would require comparison of
very different adverse health outcomes, such as cancer, diarrhoea, etc. Significant experience has
now been gained in such comparisons, especially using the metric of disahility-adjusted life years
(DALYs).1

When this is done for recreational weters, it becomes dear that typical standards for recreational
weter would lead to “compliant” recreational waters associated with a health risk very significantly
greater than that considered acceptable, or tolerable, in other circumstances (such as carcinogens in
drinking-weter). However, setting recreational water quality standards at water qualities that would
provide for levels of health protection similar to those accepted elsewhere would lead to standards
that would be so strict as to be impossible to implement in many parts of the developing and
developed world and would detract from the beneficial effects of recreational water use.

The approach adopted here therefore recommends that a range of water quality categories be defined
and individual locations be dassified according to these (see sections 4.4.3 and 4.6). The use of
multiple categories provides incentive for progressive improverment throughout the range of qualities in
which health effects are believed to occur.

1 A DALY expresses years of life lost to premature death (i.e., a death that occurs before the age to which the
dying person could have been expected to survive if she were a member of a standardized model population
with a life expectancy at birth equal to that of the world's longest-living population—dJapan) and years lived with a
disahility of specific severity and duration. Thus, one DALY is one lost year of healthy life.

71 It appears likely that bacterial index organisims have different die-off characteristics in marine and
fresh waters, while human viruses are inactivated at similar rates in these ervironments.

72 Thus, application of the guideline values derived above for seawaters (Table 4.7) to fresh waters
would be likely to result in a lower illness rate in freshwater users, providing a conservative (i.e., more
protective) guideline in the alsence of suitable epidemiological data for fresh waters.

72 There is no universally applicable risk management formula. “Acceptable” or ‘tolerable” excess
disease rates are especially controversial because of the voluntary nature of recreational water
exposure and the generally self-limiting nature of the most studied health outcomes (gastroenteritis,
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respiratory iliness). Therefore, assessment of recreational water quality should be interpreted or
modified in light of regional and/or local factors. Such factors include the nature and seriousness of
local endemic illness, population behaviour, exposure pattems, and sociocultural, economic,
environmental and technical aspects, as well as competing health risk from other diseases including
those that are not associated with recreational water. From a strictly health perspective, many of the
factors that might be taken into account in such an adaptation would often lead to the derivation of
stricter standards than those presented in Table 4.7. What signifies an acceptable or tdlerable risk is
not only a regional or local issue, however, as even within a region or locality children, the elderty and
people from lower socioeconomic areas would be expected to be more at risk (Cabelli et a., 1979;
Priiss, 1998).

The guideline values given in Table 4.7 were derived from studies involving healthy adult bathers
swimming in sewage impacted marine waters in a temperate dimate. Thus, the Guidelines do not
relate specifically to children, the elderly or immunocompromised, who may have lower immunity and
might require a greater degree of protection. If these are significant weter user groups in an area, local
authorities may want to adapt the Guidelines accordingly.

TABLE 4.7. GUIDELINE VALUES FOR MICROBIAL QUALITY OF RECREATIONAL WATERS

95th percentile Basis of derivation Estimated risk per exposure
value of intestinal
enterococci/100 ml
(rounded values)
<40 Thisrangeis belowthe | <1%Gl illness risk
A NOAEL in most <0.3% AFRI risk
epidemiological studies.
The upper 95th percentile value of 40/200 ml relates to
an average probability of less than one case of
gastroenteritis in every 100 exposures. The AFRI burden
would be negligible.
41-200 The 200/200 ml valueis | 1-5%Gl illness risk
B abovethethreshold of | 0.3-1.9% AFRI risk
illness transmission
reported in most The upper 95th percentile value of 200/100 ml relates to
epidemiological studies | an average probability of one case of gastroenteritis in
that have attemptedto | 20 exposures. The AFRI iliness rate at this upper value
define a NOAEL or than | would be less than 19 per 1000 exposures, or less
LOAEL for Gl illness approximately 1 in 50 exposures.
and AFR.
201-500 This range represents a | 5-10% Gl illness risk
C substantial elevationin | 1.9-3.9% AFRI risk
the probability of all
adverse health This range of 95th percentiles represents a probability of
outcomes for which 1in 10to 1in 20 of gastroenteritis for a single expasure.
dose—response data BExposures in this category also suggest a risk of AFRI in
are available. the range of 19-39 per 1000 exposures, or a range of
approximately 1in 50to 1 in 25 exposures.
>500 Abovethislevel, there | >10%Gl illness risk
D may be a significant risk | >3.9% AFRI risk
of high levels of minor
illness transmission. Thereis a greater than 10% chance of gastroenteritis per
single exposure. The AFRI illness rate at the 95th
percentile point of >500/200 ml would be greater than 39
per 1000 exposures, or greater than approximately 1.in
25 exposures.
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Notes:

1. Abbreviations used: A-D are the corresponding microbial water quality assessment categories (see section 4.6) used as part of
the classification procedure (Table 4.12); AFRI = acute febrile respiratory illness; Gl = gastrointestinal; LOAEL = lowest-observed-
adverse-effect level; NOAEL = no-observed-adverse-effect level.

2. The “exposure” in the key studies was a minimum of 10 min of snimming involving three head immersions. It is envisaged that
this is equivalent to many immersion activities of similar duration, but it may underestimate risk for longer periods of weter contact
or for activities involving higher risks of water ingestion (see also note 8).

3. The “estimated risk” refers to the excess risk of illness (relative to a group of non-bathers) among a group of bathers who have
been exposed to faecally contaminated recreational water under conditions similar to those in the key studies.

4. The functional foom used in the dose-response cunve assumes no further iliness outside the range of the data (i.e., at
concentrations above 158 intestinal enterococci/100 r; see Box 4.3). Thus, the estimates of illness rate reported above this value
are likely to be underestimates of the actual disease incidence attributable to recreational water exposure.

5. The estimated risks were derived from sewage-impacted marine waters. Different sources of pollution and more or less
aggressive environments may modify the risks.

6. This table is derived fromrisk to healthy adult bathers exposed to marine waters in temperate north European waters.

7. This table may not relate to children, the elderly or the immunocompromised, who could have lower immunity and might require
a greater degree of protection. There are presently no adequate data with which to quantify this, and no correction factors are
therefore applied.

8. Epidemiological data on fresh waters or exposures other than swimming (e.g., high-exposure activities such as surfing, dinghy
boat sailing or whitewater canoeing) are currently inadequate to present a parallel analysis for defined risks. Thus, a single series
of microbial values is proposed, for all recreational uses of water, because insufficient evidence exists at present to do otherwise.
However, it is recommended that the length and frequency of exposure encountered by special interest groups (such as
bodysurfers, board riders, windsurfers, sub-aqua divers, canoeists and dinghy sailors) be taken into account (chapter 1).

9. Where disinfection is used to reduce the density of index organisms in effluents and discharges, the presumed relationship
between intestinal enterococci (as an index of faecal contamination) and pathogen presence may be altered. This alteration is, at
present, poorly understood. In water receiving such effluents and discharges, intestinal enterococci counts may not provide an
accurate estimate of the risk of suffering from gastrointestinal symptoms or AFRI.

10. Risk attributable to exposure to recreational water is calculated after the method given by Wyer et al. (1999), in which a log10
standard deviation of 0.8103 for faecal streptococci was assumed. If the true standard deviation for a beach is less than 0.8103,
then reliance on this approach would tend to overestimate the health risk for people exposed above the threshold level, and vice
versa.

11. Note that the values presented in this table do not take account of health outcomes other than gastroenteritis and AFRI. Where
other outcomes are of public health concern, then the risks should also be assessed and appropriate action

taken.

12. Guideline values should be applied to water used recreationally and at the times of recreational use. This inplies care inthe
design of monitoring programmes to ensure that representative samples are obtained.

(Pp.70-71)
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CHAPTER 8. ALGAE AND CYANOBACTERIA IN FRESHWATER

Page | Extract

137 | The most common toxic cyanobacteria in fresh water are Microcystis spp., Cylindrospermopsis
raciborskii, Planktothrix (syn. Oscillatoria) rubescens, Synechococcus spp., Planktothrix
(syn. Oscillatoria) agardhii, Gloeotrichia spp., Anabaena spp., Lyngbya spp., Aphani zomenon
spp., Nostoc spp., some Oscillatoria spp., Schizothrix spp. and Synechocystis spp. Toxicity
cannat be excluded for further species and genera. As research broadens and covers more regions
over the globe, additional toxic species are likely to be found. Therefore, it is prudent to presume a
toxic potential in any cyanobacterial population.

Worldwide, about 60% of cyanobacterial samples investigated contain toxins (see section 8.4). The
toxicity of a single bloom may, however, change in both time and space. Demonstrations of toxicity of
the cyanobacterial population in a given lake do not necessarily imply an environmental or human
hazard as long as the cells remain thinly dispersed. Mass developments and espedally surface scums
pose the risks.

143 | Observations of lethal poisoning of animels drinking from water with mass developments of
cyanobacteria are numerous. The first documented case of a lethal intoxication of livestock after
adrinking water from a lake heavily populated with cyanobacteria was published in the 1800s (Francis,
1878), and cases recorded since have included sheep, cattle, horses, pigs, dogs, fish, rodents,
amphibians, waterfoM, bats, zebras and rhinoceroses (Codd et a., 1989). Dogs have died after
grooming accunmulations of cyanobacteria out of their fur or after ingesting beached mats of benthic
cyanobacteria.

A number of human deaths have been reported through expasure to cyanobacteria toxins through
renal dialysis (Carmichael, 1996; Jochimsen et al., 1998), and also inplicated in drinking-water
(Teixera et al., 1993). Health impairments are also seen from numerous anecdotal reports of irrtations
of the skin and/or mucous membranes and from documented cases of illness after exposure through
drinkingweter as well as accidental swallowing or aspiration of scum meterial. Other sources of
informetion include toxicological data from animal experiments and data on concentrations of
cyanobacterial toxins in waters used for drinking-weter purposes and recreation.

Human health risk from exposure to cyanobacteria and their toxins during recreational weter use
arises through three routes of exposure:

direct contact of exposed parts of the body, induding sensitive areas such as the ears, eyes,
mouth and throat, and the areas covered by a bathing suit (which may collect cell material);
accidental uptake of water containing cells by swallowing; and

uptake of weter containing cells by aspiration (inhalation).

Different cyanobacterial metabolites are likely to be involved in evoking symptoms associated with
these exposure routes.

144 | Allergic or irritative dermal reactions of varying severity have been reported from a number of
freshwater cyanobacterial genera (Anabaena, Aphanizomenon, Nodularia, Oscillatoria,
Gloeotrichia) after recreational exposure. Bathing suits and particularly wet stits tend to aggravate
such effects by accumulating cyanobacterial material and enhancing disruption of cells and liberation
of cell content.

144 | Allergic reactions are not confined to cyanobacteria, but may also be evoked by planktonic algae.
However, allergic reactions require elevated cell densities in water used for smimming, and mass
developments in fresh weters are most frequently due to cyanobacteria. Furthermore, other groups of
algee do not accumulate as surface scums, and therefore their metabolites will not occur in
comparably high concentrations. Thus, cyanobacteria are likely to be the most frequently occurting
cause of such reactions.

144 | Swallowing or aspiration was the exposure route in most of the documented cases of human illness
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that have been assodated with cyandbacteria.

146

Most documented cases of human injury through cyanctoxins involved exposure through drinking-
water, and they demonstrate that humans have become ill—in some cases seriously—through
ingestion or aspiration of toxic cyanobacteria. The low number of reported cases may be due to lack of
knowledge about the toxicity of cyanobacteria; neither patients nor doctors associate symptoms with
this cause.

145

ILLNESS ATTRIBUTED TO CYANOTOXINS IN RECREATIONAL WATER

1959: Canada

In spite of a kill of livestock and warnings against recreational use, people still swvamin alake infested
with cyanobacteria. Thirteen persons became ill (headaches, nausea, muscular pains, painful
diarrhoea). In the excreta of one patient—a medical doctor who had accidentally ingested weter—
numerous cells of Microcystis spp. and some trichomes of Anabaena circinalis could be identified
(Dillenberg & Dehnel, 1960).

1989: England:

Ten out of 20 soldiers becameill after swimming and canoe training in water with a heavy bloom of
Microcystis spp.; two developed severe pneumonia attributed to the inhalation of a Microcystis toxin
and needed hospitalization and intensive care (Turner et al., 1990). Snimming skills and the amount
of water ingested appear to have been related to the degree of illness.

1995: Australia:

Epidemiological evidence of adverse health effects after recreational water contact from a prospective
study involving 852 participants showed elevated incidence of diarrhoea, vomiting, flu symptoms, skin
rashes, mouth ulcers, fevers, and eye or ear initations within 2—7 days after exposure (Pilotto et al.,
1997). Symptoms increased significantly with duration of water contact and density of cyanobacterial
cells, but were nat related to the content of knoan cyanatoxins.

145
146

ILLNESS ATTRIBUTED TO CYANOTOXINS IN DRINKING-WATER

1931: USA:

Amassive Microcystis bloomin the Ohio and Patomec rivers caused illness of 5000-8000 people
whaose drinking-water was taken from these rivers. Drinking-weter treatment by precipitation, filtration
and chlorination was not sufficient to remove the toxins (Tisdale, 1931).

1968: USA: Numerous cases of gastrointestinal illness after exposure to mass developments of
cyanobacteria were compiled by Schwimmer & Schwimmer (1968).

1979: Australia:

Combating a bloom of Cylindrospermopsis raciborskii in a drinking-water reservoir on Palm Island with
copper sulfate led to liberation of toxins from the cells into the water and resulted in serious iliness
(with hospitalization) of 141 people supplied from this resenvoir (Falconer, 1993, 1994).

1981: Austrdia:

In the city of Armidale, liver enzyme activities (a sign of exposure to toxic agents) were found to be
elevated in the blood of the population supplied from surface water polluted by Microcystis spp.
(Falconer et al., 1983).

1985: USA:
Carmichael (1994) compiled case studies on nausea, vomiting, diarrhoea, fever and eye, ear and
throat infections after exposure to mass developments of cyanobacteria.

1988: Brazil:

Following the flooding of the Itaparica Damin Bahia State, some 2000 cases of gastroenteritis were
reported over a 42-day period, of which 88 resuited in death. Investigation of potential causes of this
epidemic eliminated pathogens and identified a very high population of toxic cyanobacteria inthe
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drinking-weter supply in the affected areas (Teixera et al., 1993).

1993: China:
The incidence of liver cancer wes related to water sources and was significantly higher for populations
using cyanobacteria-infested surface waters than for those drinking groundweter (Yu, 1995).

1994: Sweden:

Illegal use of untreated river water in a sugar factory led to an accidental cross connection with the
drinking-weter supply for an uncertain number of hours. The river water was densely populated by
Planktothrix agardhii and samples taken a few days before and a few days after the incident showed
these cyanobacteria to contain microcystins. Intotal, 121 of 304 inhabitants of the village (as well as
some dogs and cats) became ill with vomiting, diarthoea, muscular cramps and nausea (Anadotter et
al., 2001).

149 | 8.7 Guideline values

As discussed above, approaches to recreational weter safety should address the occurrence of
cyanobacteria as such, because it is as yet unclear whether all important cyanotoxins have been
identified, and the health outcomes observed after recreational exposure—particularly irritation of the
skin and mucous membranes—are probably related to cyanobacterial substances other than the well
known toxins listed in Table 8.1. Additionally, the particular hazard of liver damege by microcystins
should be considered. In face of the difficuity of representative quantitative sampling due to the
heterogeneous distribution of cyanobacteria in time and space, particularly with respect to scum
formation and scum location, approaches should further include addressing the capacity of a water

body to sustain large cyanobacterial populations.

Health impaimments from cyanobacteria in recreational waters must be differentiated between the
chiefly imitative symptoms caused by unknown cyanobacterial substances and the potentially more
severe hazard of exposure to high concentrations of known cyanotoxins, particularly microcystins. A
single guideline value therefore is nat appropriate. Rather, a series of guideline values associated with
incremental severity and probahility of health effects is defined at three levels (Table 8.3).

149 | 8.7.1 Relatively low probability of adverse health effects

For protection from health outcomes not due to cyanotoxin toxicity, but rather to the irritative or
allergenic effects of other cyanobacterial compounds, a guideline level of 20 000 cyanabacterial
cells/ml (corresponding to 10mg chlorophyl-allitre under conditions of cyanobacterial dominance) can
be derived fromthe prospective epidemiological study by Pilatto et al. (1997). Whereas the health
outcomes reported in this study were related to cyanobacterial density and duration of exposure, they
affected less than 30% of the individuals exposed. At this cyanobacterial density, 2—4mg
microcystin/litre may be expected if microcystin-producing cyanobacteria are dominant, with 10mg/litre
being possible with highly toxic blooms. This level is close to the WHO provisional drinking-water
guideline value of Ing/litre for microcystin- LR (WHO, 1998), which is intended to be safe for lifelong
consumption. Thus, health outcomes due to microcystin are unlikely, and providing information for
visitors to swimming areas with this low-level risk is considered to be sufficient. Additionally, it is
recommended that the authorities be informed in order to initiate further surveillance of the site. The
results of the epidemiological study (Pilotto et al., 1997) reported some mild irritative effects at 5000
cells but the level of health effect and the small number of people affected were not considered to be a
basis to justify action.

151 | 8.7.3 High probability of adverse health effects

Abundant evidence exists for potentially severe health outcomes associated with scums caused by
toxic cyanobacteria. No human fatalities have been unequivocally associated with cyanatoxin
ingestion during recreational water activities, although

152 | numerous animals have been killed by consuming water with cyanobacterial scum meaterial. This
discrepancy can be explained by the fact that animals will drink greater volumes of scum-containing
water in relation to their body weight, whereas accidental ingestion of scums by humans during
swimming will typically result in a lower dose.

Cyanobacterial scums can represent thousand-fold to million-fold concentrations of cyanobacterial cell
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populations. Calculations suggest that a child playing in Microcystis scums for a protracted period
and ingesting a significant volume could receive a lethal dose, although no reports indicate that this
has occurred. Based on evidence that a lethal oral dose of microcystinLR in mice is 5000-11
600mgkg body weight and sensitivity between individuals may vary approximetely 10fold, the
ingestion of 5-50 mg of microcystin could be expected to cause acute liver injury in a 10-kg child.
Concentrations of up to 24 mg microcystirvlitre from scum meterial have been published (Chorus &
Fastner, 2001). Substantially higher enrichment of scums—up to gelatinous consistency—is
occasionally observed, of which accidental ingestion of smaller volumes could cause serious harm.
Anecdotal evidence indicates that children, and even adults, may be attracted to play in scums. The
presence of scums caused by cyanobacteria is thus a readily detected indicator of a risk of potentially
severe adverse health effects for those who come into contact with the scums. Immediate action to
contral scum contact is recommended for such situations.

152 | ltisdifficult to define “safe” concentrations of cyanobacteria in recreational weter for allergenic effects
or skin reactions, as individual sensitivities vary greatly. Aggravation of dermal reactions due to
accumulation of cyanobacterial meterial and enhanced disruption of cells under bathing suits and wet
suits may be a problem even at densities below the guideline levels described above.

152 | 8.8 Management options

For purposes of management, it is important to understand that cyanotoxins are chiefly found within
cyanobacterial cells. Liberation into the surrounding weter is passible, particularly when cells die and
lyse, and differences may occur between toxins and species regarding “leakage” from intact cells.
However, toxin dissolved in weter is rapidly diluted and probably also degraded, whereas hazardously
high toxin concentrations usually result from the accumulation of cell material as scums. Because
adequate surveillance is difficult and few immediate management options are available (other than
precluding or discouraging use or cancelling water sports

153 | activities such as competitions), provision of adequate public information is a key short-term measure.
Medium- to long-term measures are identification of the sources of nutrient (in many ecosystems
phasphorus, sometimes nitrogen) pallution and significant reduction of nutrient input in order to
effectively reduce praliferation not only of cyanobacteria, but of potentially hamful algae as well.

154 | The aimof longterm measures to minimize health risks due to toxic algae and cyanobacteria is to
prevent or reduce the formation of cyanobacterial blooms inwater used for recreational water
activities. This can be achieved by keeping total phosphorus concentrations below the “carrying
capacity,” which sustains substantial population densities. Experience from numerous water bodies
shows that this can be achieved if total phasphorus concentrations are 0.01-0.03mg/litre (depending
somewhat on the size and mixing regime of the water bodly).

TABLE 8.3. GUIDELINES FOR SAFE PRACTICE IN MANAGING RECREATIONAL WATERSa

Guidance level or How guidance level Health risks Typical actionsb
situation derived

Relatively low probability of adverse health effects

20 000 cyanobacterial From human bathing Short-term adverse - Post onssite risk
cells/m epidemiological study health outcomes, e.q., advisory signs
or skin irritations, - Inform relevant
10mg chlorophyll-allitre gastrointestingl illness authorities

with dominance of

cyanobacteria
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a Derived from Chorus & Bartram, 1999.
b Actual action taken should be determined in light of extent of use and public health assessment of hazard.
¢ The provisional drinking-water guideline value for microcystin-LR is 1mgy/litre (WHO, 1998).

p.139

Pilotto LS, Douglas RM, Burch MD, Cameron S, Beers M, Rouch GR, Robinson P, Kirk M, Cowie CT, Hardiman S,

Moore C, Attwell RG (1997) Health effects of exposure to cyanobacteria (blue-green algae) due to recreational weter-
related activities. Australian and New Zealand Journal of Public Health, 21: 562-566.
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CHAPTER 10. CHEMICAL AND PHYSICAL AGENTS

Page | Extract

170 | 10.5 Guideline values

The chemical quality of recreational waters does not seemto represent a serious health risk for
recreational water users, and in most cases the concentration of chemical contaminants will be below
drinking-weter guideline values. There are no specific rules that can easily be applied to calculate
guideline values for chemical contaminants in recreational waters. However, as long as care is taken
in their application, the WWHO Guidelines for Drinking-water Quality (WHO, 1993, 1998) can provide a
starting point for deriving values that could be used to meke a screening level risk assessment under
spedific circumstances.

WHO drinking-weter guideline values relate to water ingestion and, in most cases, to lifetime
exposure. However, drinking-water guidelines may be related to recreational exposure. Mance et al.
(1984) suggested that environmental quality standards for chemicals in recreational waters should be
based on the assumption that recreational water makes only a relatively minor contribution to intake.
They assumed a contribution for swimming of an equivalent of 10% of drinking-weter consumption.
Since most authorities (including WHO) assume consumption of 2 litres of drinking- water per day, this
would result in an intake of 200 ml per day from recreational contact with water.

171 | Asimple screening approach is therefore that a substance occuring in recreational water at a
concentration ten times that stipulated in the drinking-weter guidelines may merit further consideration.




