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Summary

This report details observations and measurements takien Bgn Diggles during an informal
inspection of an acute fish kill at Biggs Ave Lake, Beaeteron the evening of 24 Nov 2009
and the early morning of 25 Nov 2009. | present my obsenst® brief analysis, and my
professional opinion regarding the most plausible reafwrthe fish kill event. This report is
made in the context of a concerned citizen reportingsa tiand account of an incident in an
area of investigation which he has significant formaining and experience, in order to assist
authorities to determine the cause and prevent repedseven

To summarise the results of this report, the epidemiplof the fish kill, together with the

properties and volumes of the effluent groundwater pumpedhattake, strongly suggests the
fish died from toxic exposure to hydrogen sulphide and/or @man(possibly complicated by

reduced oxygen levels), all of which resulted from a rchudi events following pumping of

large quantities of groundwater into the lake from theerloyge construction site.

Certainly it is the responsibility of government auttiesi to conduct a thorough investigation
into this fish kill, particularly to rule out other (albenuch less likely) potential causes such as
pesticide and heavy metal contamination, algal blooms arakpic infection. However, it is
important to point out that the volume of effluent gndwater pumped into the lake alone, in
the absence of any other insults, was sufficient ptaax

1. Some or most of the observed reductions in oxygen lavéite lake,
2. The deaths of the fishes in it through toxic exposure, an

3. The observed behavior of the surviving fishes.
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Introduction

After hearing of a large “natural” fish kill in my locarea from various forms of media and receiving a
few phone calls from interested friends and colleagues wigested the kill site was worth looking at,

| arrived at a lake behind Biggs Ave, Beachmere (Figuré 4)3® pm on Tuesday 24 November 2009
in time to chat to council workers who were running twgdsaerators (Figure 2). They commented on
the large number of dead fish they had just taken awaylamped in a local landfill. Mobile phone
photographs were shown of milkfish up to 1 meter long, largegroae jack (Figure 4) and many
mullet, bream, herring and silver biddy (Figure 5). My insipecof the lake margins found large
numbers of dead fish as well as a few moribund fisair{ly mullet and yellowfin bream) displaying
abnormal behaviour such as slow swimming near the lake eddesheit mouths out of the water.
Several large mudcrabs were also observed on the edgeslakeha water less than 10 cm deep. At
the southern end of the lake (Site 1) there was a constrgaioff-igure 3) where effluent groundwater
was being pumped from a well through a pipe into the &ka rate (measured with a bucket and
stopwatch) of 8 L per 4 seconds (2L/sec). A pungent smell abggd sulphide was being emitted
from the water coming from the pipe, and large number of fiehdvere observed immediately to the
west, blown there by the prevailing E/NE wind (Figure After speaking with local residents on the
history of events leading up to the kill | took a water sann near site B (Figure 1) and returned
home to examine it under the light microscope, only to obsefesvalgal cells and ciliates. As the
circumstances of the kill appeared suspicious, and in nfggzional opinion unlikely to be a result of a
natural event, | returned 90 minutes later with more equiptoeronduct some basic water testing and
further observations of dead and dying fish at a time wineikitl was still occurring.

Materials and Methods

Water sampling locations

Water was sampled for temperature and salinity readingglifferent locations on the edges of the lake
(Figure 1) between 8.00 and 8.50 pm on 24 Nov 2009 and between 6.30@ad7on 25 Nov 2009.

Water sampling equipment

Water temperature and salinity were measured using a8¥3DO/temperature/salinity/conductivity
meter with a refractive salinometer and mercury thermameted to double check and confirm the
accuracy of the measurements from the YSI 85 probe. Watpetature was measured to the nearest
0.1°C and salinity to the nearest 0.1 ppt. The volume of theeeffgroundwater from the pipe was
measured using a stopwatch and either 10 L or 20 kebaad the volume of water delivered in 4 sec (10L
bucket) or 8 sec (20L bucket) were measured to deterftow rates in litres per second.

Water testing equipment

The levels of ammonia, nitrite, nitrate and pH of wagengles from sites 1land B were measured using
a colorimetric API Aguarium Pharmaceuticals Mastert Kas as per the manufacturers instructions.
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When testing for ammonia samples of water from the pipgeaf svere diluted 50: 50 with tap water
to bring them back within the range of the test kit.
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Figure 1. Location of lake bordered by Biggs Aveand Kunde St, Beachmere, and locations 1 and A-E
where water sampling was undertaken. The white adenotes the direction of the prevailing wind at the
time of my first inspection at 4.30pm -8.50 pm on 2491/
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Results

Results for observations of dead fish and fish behmvaken at the various sites in the evening of @4 N
2009 are included in Table 1. Physical parameteesuned from pipe and lake water on the evening of the
24" and early on the $5an be found in Table 2. Results from chemical viaing using a colorimetric
Aquarium Test Kit are shown in Table 3.

Table 1. Observations of dead fish and fish behavaken at the lake between 8.00 pm and 8.50 pm 24 Nov
2009.

Location Observations

Site 1 4 large dead mangrove jack (2-3 kg), 1 dead miikfemd numerous small

(Pipe outlet) dead herring, mullet and bream

Site A 3 large dead mangrove jack, 1 live mudcrab on thk& ba

Site B 1 school of small live mullet 6-10 cm on the surfdasge numbers of dead
bream (15-23cm), 1 dead moses perch,50-60 small hesilngr biddies,
mullet, toadfish.

Site C 2 dead mullet 30-35 cm, 3 dead herring 6-10 cm, @ desam 10-15 cm, 30
cm mullet gasping at water surface.

Site D 3-4 large moribund mullet, several schools of 30 tor@élls(6-10 cm) live
mullet on the surface. Mudcrabs (x2) in the shallows

Site E Several schools of small (6-10 cm) live mullet onacef

Table 2. Physical water quality parameters measuoettfie effluent pipe and lake water on the evening
of the 24" and early on the 5\Nov 2009.

Time 8.00- 8.50 pm 24 Nov 2009 6.30 — 7.00 am 25 12609
Location Temperature Salinity Temperature Salinity
Site 1 24.2°C 16.0 ppt 24.3°C 18.4-18.7 ppt
(Pipe outlet)

Site A 29.0°C 26.0 ppt 28.2°C 28.3 ppt
Site B 29.3°C 26.5 ppt 28.2°C 28.3 ppt
Site C 29.1°C 26.0 ppt 28.2°C 28.4 ppt
Site D 29.3°C 28.6 ppt 28.2°C 28.2 ppt
Site E 29.4°C 28.6 ppt 28.2°C 28.6 ppt

Table 3. Results for various chemical water quality ppatars measured from the effluent pipe and lake

water on the evening of the2#ov 2009 using an colorimetric Test Kit. Results mneges of 2 tests
taken on 2 different samples.

Location pH Ammonia Nitrite Nitrate
Site 1 (Pipe outlet) 7.0-7.2 10-12 mg/L 0 0
Site B 7.6-7.8 0.5-1.0 mg/L 0 0
I )llé:gl"lgl-]
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During my evening assessment on th8, 24e prevailing east north east wind was pushing the effluen
groundwater along the west side of the lake, as evidenced blighily lower temperature and salinity
readings on the west side. Few if any live fish occumethis area. These water quality data and
observations of behaviour of the surviving fish strongly suggédstede that the effluent groundwater
was toxic to aquatic life. One moribund mullet jumped onto the bank in front of me, at site D
around 8.30 pm, so | grossly examined it for ectoparasitesnone were found. | returned to the fish
kill site early on the morning of 25 Nov 2009 at 6.30 am. Morddésh were evident along the
shorelines and the remaining live fish, mostly small milee yellowfin bream were no longer visible),
were swimming with their heads out of the water along theeemargins of the lake. The dead fish
that washed up overnight (see report cover page) mostly diedmamitiths shut and the lack of an
agonal gasp mouth position post mortem was not typidabo of fish that die from oxygen depletion.

Early morning water parameters showed that salinigites A to D was similar, between 28.2 and 28.3
ppt, while at site E, salinity was slightly higher at 28p8. (Table 2). Water temperatures at 6.30 am
were 28.2°C at all sites. The wind had dropped off ovetnighich may explain the more
homogeneous results with regard to temperature and safirittg iake. Readings of the effluent ground
water at site 1 showed slightly elevated temperatur@{@4.and salinity (18.4-18.7 ppt) compared to
the previous night (Figure 6). A very strong smell of hydragédphide was particularly noticeable in
the still morning air in the region where the groundwater veaisg pumped.

Figure 2. Aerators placed in the lake by the Mor&awn Regional Council. The aerators were placetien t
water early in the afternoon, and were taken o6t@in when council staff knocked off Photo taken.a04
pm.
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Figure 3. Pipe outlet (arrow) at site 1. The pipmimated from a Moreton Bay Regional Council
construction site and was pumping ground water froecently constructed section of sewage infrastractur

Figure 4. Dead mangrove jack, approximately 2 kgrrsite A, together with small mullet, silver bidaiyd
herring.
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Figure 6. Ground water parameters and colour thkemthe effluent pipe at 6.45 am, 25 Nov 2009. Salinit
18.7 ppt, water temperature 24.2°C. Colour, brownkblac
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The water flow rate out of the pipe from the constructitenat 6.45 am filled a 20 L bucket with 16 L
of water in 8 seconds, suggesting that the groundwater fleweatained at 2L/sec. for the 10.75 hours
between the two water samples, meaning that a further 72000% = 77400 Litres of ground water had
entered the lake overnight. Even so, it appeared thatates level had dropped a little during the night
(see cover page photo). Council workers arrived at aroundahdrbegan to aerate the water again, and
around 7.45 am | noticed that the groundwater was no longanfianio the lake and was informed by
a council spokesman on site that the water was now beingethaown into the sewage system.

Discussion

An unprecedented fish kill not likely to be due to tsease, hot water or low oxygen alone

This fish kill is considered suspicious and is delyanot a “natural “event. The event was characteris
by large numbers of dead fish of several species ansiz#é floating on the water surface. The
presence of multiple species and the acute nature ofiltiseré&ngly suggests an environmental cause
rather than infectious disease. The species invold@ddad mature (2-3 kg) mangrove jack, large (1
meter) milkfish and giant herring, as well as numeroliswén bream, whiting, flathead, mullet, silver
biddy, moses perch, herring, garfish, butterbream, tai@atherjackets and even toadfish. The
mangrove jacks were large resident fish typical of sewiosad coastal lakes in SE QLD (B. Diggles,
personal observation) and at that size are likely tagweards of 6 to 8 years old or more. | estimate
that over 95% of the fish life in the lake was killed durihg first two days of the event. Mudcrabs
were also observed around the edges of the lake, but | didenahy dead ones in my brief inspections.
The only surviving fish appeared to be small mullet anbva larger ones which were observed
swimming at the surface breathing at the air/water mterf

The size of the fish affected by the kill, particulatig mangrove jack and giant herring, suggests that it
is an unprecedented event for at least 6 to 8 years. dnldeal residents cannot recall a fish kill of this
magnitude in the area for over 25 years. No significant raiedahts preceded the kill for around two
weeks previous, and while the weather was warm during timet iti was not unusually warm and
similar hot days had preceded the event for severalsve@khile some water quality testing done by
authorities showed low dissolved oxygen during the day, thewmste still exhibiting distressed
swimming at the water surface with mouths out of the waite8.00 to 8.30 pm at night on the"24
immediately after the council aerated the water inldke for several hours. This suggests that there
were other factors involved besides oxygen stress. The idbatidt washed up the next day on th& 25
(see report cover page) mostly died with mouths shuttenthitk of an agonal gasp mouth position post
mortem was not typical of that of fish that die fremple oxygen depletion. The lack of an agonal
gasp in the majority of dead fish itself is strongly sugjgeghat low oxygen was not the main factor
involved in this fish kill. The fact that low algallceounts were observed in one water sample suggests
that while algae were undoubtedly present, it appadikely that a significant algal bloom was occugrin

at the time of the kill.

The distribution of the surviving fish observed betw 8.00 pm to 8.50 pm on the second night of the kil
is notable. There were no live fish moving in thesaimmediately adjacent to site 1 where the waben f

DygishisH

www.digsfish.com -9 -



the construction site was entering the southernoénide lake. Instead, the vast majority of thevisimg
small mullet were congregated further north along #astern bank at sites D and E, where water
temperatures and salinities were actually highei3{£9.28.6 ppt). While appropriate behaviour of some
fish species fish towards toxins such as ammonia mgie this distribution (Richardson et al. 2001), this
also suggests that high water temperatures werédnagirimary cause of the kill, as the effluent ground
water coming out of the pipe at site 1 was only 24.2A@rkedly cooler than the rest of the lake, asd it
salinity was only 16-18.7 ppt. Physical parametersair dictate that cooler, less saline water cadth ho
more oxygen than warm, salty water. But the sungifish were avoiding the cooler, less saline witer
this lake.

Volume of groundwater pumped

There was only one source of inflow water into the lakdhattime of the fish kill, this being a pipe
from a construction site adjacent to the lake which was puqut groundwater from concrete works
at a measured rate of 2 litres/sec into the lakesviagewaters. The pipe had reportedly been flowing
groundwater into the lake for upwards of 3 weeks previousetditl event. At 2 litres/sec, this relates
to 7,200 L/hr, or 172.8 tonnes of water/day. Over a 3 weeiogy this equates to 3628.8 tonnes of
groundwater being pumped into the lake. The lake itsetoisral 450 meters long, by 45 meters wide
by average 2 meters deep, suggesting the lake volume is 40,500 témiies.absence of significant
inflow from other sources this suggests that 8.9% of the wwlomthe lake was replaced with
groundwater in the preceding 3 weeks. Given the relatisehyshlinity of the groundwater, it would be
expected to overlay the normal (35 ppt) salinity water in dfke, | generating a salinity gradient (or
further exacerbating any existing salinity gradients). Id¢el, Brown and Root (KBR) engineers
reported that a marked salinity gradient still existethe lake on the 26 or 2f November with an
epilimnion of 30 ppt salinity, and hypolimnion of 33 ppt salinit§iven the fact that these readings
were taken after 1 to 2 days of aeration by the coamcilpumping of large volumes of seawater into
the lake from the ocean, it suggests that during the tindeeokill, (when surface salinity was only 28
ppt), the lake was likely to be highly stratified.

Because the lake was highly stratified, the low salinityigdavater would not have mixed completely
into the lake, but by lying over the top of the original waterduld have prevented direct contact of the
bottom waters with the atmosphere, and encouraged anoxidionsdo develop in the hypolimion.
The fact that the effluent water would not have compteteked with the lake means that fish in the
surface waters would have been exposed to much higher ¢d\asismonia and hydrogen sulphide than
one would first expect if mixing and dilution was completeotrBammonia and hydrogen sulphide are
highly toxic to fish and aquatic invertebrates at very lowceatrations (ANZECC 2000, Appendix
1,2,3).

Ammonia in groundwater

Colorimetric test kits indicated that the groundwatemped from the construction site held high levels
of ammonia as well as the hydrogen sulphide. In fact, in dodget an accurate reading with the
colorimetric test kits (which only read up to 8 mg/L), | deee to do a 50:50 dilution with tap water (0
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ammonia reading) to bring the samples back into the testaige od the kit (Figure 7). The maximum
reading of the kit was 8 mg/L, and the 50% diluted sampled between 4 and 8 mg/L on the
colorimetric scale, suggesting the groundwater had around fr@/I2ammonia content (Figure 7).

»3 " ' 1
FRESHWATER AMMO
(NH3/NH}) COLOR C/

|| oppm

Figure 7. Groundwater from the effluent pipe needebetaliluted 50:50 with tap water before it would
register in the range of colorimetric ammonia tést kVial on the left is undiluted, vial on the higdiluted

50: 50 (measured with an electronic eppendorf multigdettaccuracy). Probable ammonia concentration in
the groundwater was around 10-12 mg/L.

The level of ammonia in the lake itself at site B wasvben 0.5 and 1 mg/L using the same test Kkit,
which are levels which are sufficient to cause signitisaress if Australian native fish are held in them
for extended periods (Okelsrud 2004). The un-ionised foramahonia is most toxic to marine life
(DEH 1998), and it is the un-ionised form that is predontiagamigher pH over 7.5 (Eddy et al. 2005).
Hence the pH in the lake was high enough to promote ammoniatyoxiuring ammonia exposures,
whether chronic or episodic, estuarine fish are mostlkabfiammonia toxicity at elevated temperatures
(Eddy et al. 2005). They are also likely to be at rigknframmonia intoxication in waters of low
salinity, high pH and high ammonia levels, as these conditionsgbeoammonia transfer from the
environment into the fish, both as ionized and unionized ammaniayell as promoting ammonia
retention by the fish (Eddy et al. 2005). Clearly conditionshen lake at the time of the kill were
suitable for promotion of ammonia toxicity to the fish.
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Hickey et al. (1989) calculated that the ammonia concemisatin dairy pond effluents (75 mg/L)
require at least a 250-fold dilution to reduce their conaéntrs below toxic levels for sensitive fish
populations (Hickey et al. 1989). Conservatively assuming timecgiia concentrations in the effluent
water from the pipe were only 7.5 mg/L, this would suggestttie volume of the receiving lake water
required to avoid ammonia toxicity in the lake would be DflR50, or at least 25 times the volume of
the effluent water pumped in the previous 3 weeks. Asquski shown, it is likely that at least 3628
tonnes of groundwater were pumped into the lake duringithés suggesting that (based on Hickey et
al. 1989, and assuming no other water flow into the lake)atke meeded to be at least 25 x 3628 =
90,700 tonnes volume to avoid ammonia toxicity problems to fssuming the lake was fully mixed.
However, the volume of the lake is closer to 40,500 tonnes, amdsitprobably highly stratified,
demonstrating that the volume of effluent water pumped fl@council construction site was likely to
be many times that needed to risk acute toxicity to axlif® in the lake from ammonia toxicity alone,
irrelevant of hydrogen sulphide concentrations or dissabxgden levels.

Nevertheless, the abundance of ammonia in the groundwater wwatgelf also have markedly reduced
oxygen levels. The natural process of nitrification redugmmonia concentrations, decreasing the
toxic risk, however the process of nitrification consumes oxygen the water (Hickey et al. 1989).
Indeed, natural processes of transforming ammonia intttedc nitrates consume a considerable
amount of oxygen, often three to four times the demand deeddecay organic material, and this
process is not necessarily measured by Biological OxygeraBerfBOD) tests (Hickey et al. 1989).
This shows that the presence of the ammonia in the efflyrenthdwater pumped from the council
construction site may also be highly significant in relatmthe reduction of oxygen concentrations in
the lake itself, regardless of the acute toxicity of tiien@nia and hydrogen sulphide it carried with it.

Hydrogen sulphide in groundwater

The pungent smell of hydrogen sulphide$MH(which was reported by local residents for seveesks
before the kill), was very prominent if one stood near the groatetveffluent pipe, and it was clear
that the effluent groundwater contained some level & H1S is particularly common in groundwater
as it is produced by bacteria in oxygen depleted (anaxicjlitions, such as those commonly found in
mangrove muds (ANZECC 2000). ;$lis very toxic to fish, with recommended levels inevaised for
aquaculture being no more than 0.001 to 0.002 mg/h, adgtection of any level of 3 considered highly
undesirable (ANZECC 2000, Appendix 1,2,3). The toxioftyH,S also tends to increase with increasing
water temperature and decreasing dissolved oxygelel(dan et al. 1972, Yusoff et al. 1998).

The ANZECC (2000) guidelines for protection of aquatic ecesystsuggest the allowable levels of
H,S are 900 times less than for ammonia, such is the tpxa€itH,S. Without data on the actual
hydrogen sulphide content of the groundwater atithis complex laboratory testing is needed to measure
it), it is difficult to ascertain the extent of thae it played in the kill. However the epidemioloditite kill
event fits in well with the pathophysiology ot$ toxicity (R. Chong, personal communication). At
lower levels of HS intoxication, the oxygen binding capability of the fishes blsadpaired, and the
fish respond by moving to the water surface and gaspingridd@vever with increasing 43 this toxin
suppresses central nervous system activity leading to suddérnwdgreout apparent clinical symptoms.
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Fish that die from B8 intoxication do not exhibit agonal gasp, which explaims post mortem
appearance of the vast majority of fish that died.

Conclusion

Certainly it is the Governments responsibility to conduct eothgh independent investigation into this
fish kill, to rule out other (albeit much less likely) potial causes such as pesticide and heavy metal
contamination and parasitic infection. However, it is rclitat the volume of effluent groundwater
pumped into the lake alone was sufficient to explain not drdyobserved reductions in oxygen levels
in the lake, but also the deaths of the fishes in it frormamnia and/or b5 toxicity. In summary, the
epidemiology of the fish kill, together with the properties andimals of the effluent groundwater
pumped into the lake, strongly suggests the fish died from &posure to hydrogen sulphide and/or
ammonia, (possibly complicated by reduced oxygen levels) irgsfitbom a chain of events following
pumping of large quantities of groundwater into the lake fifeemearby construction site.
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Appendix 1. ANZECC (2000). Water Quality Guidelines - Aquaculture —H,S

9.4 .22 Inorganic toxicants (heavy metals and others)

10. Hydrogen sulphide

Sulphide 1s the -IT oxidation state of sulphur and can exist in solufion as un-ionised hydrogen
sulphide gas (H3S) or as soluble sulphides (S;7). HaS i1s produced by bacteria in oxygen
depleted (anoxic) conditions. It can be found in source water taken from ground water, and
anoxic areas of surface water. It 15 of great concern fo aquaculture as 1t 1s very toxic to fish
(Zweig et al. 1999). H,S i1s also present in industrial effluents. including those from
metallurgical and chenucal works. pulp and paper plants and tanneries.

Under anaerobic conditions, certain heterotrophic bacteria can use sulphate and other
oxidised sulphur compounds in metabolism which results in the release of hydrogen sulphide
(Boyd 1989). It can escape (with other gases. e.g. methane and carbon dioxide) from rich
organic mud and bubble into the overlying waters. Un-tomsed hydrogen sulphide 15 a hughly
toxic gas, however, the ionic forms. have no appreciable toxicity. The pH regulates the
proportion of total sulpludes among 1its forms (H,S. HS- and S,7); as pH increases, the
proportion of ionised species increases and the toxicity decreases (Svobodova et al. 1993).

H,S 15 often found in mangrove muds, which when disturbed (e.g. during the building of fish
or prawn ponds) will become oxidised. The consequent drop in pH can lead to the
mobilistion of a range of heavy metals include Al and Fe.

Guideline notes

There is a wide vanation in literature for the recommmended levels. Meade (1989) suggested
that for aquaculture, sulphate, hydrogen sulphide and sulphur concentrations should not exceed
50 mg/L., 0.003 mg/L and 1 mg/L. respectively. The recommendation for hydrogen sulphide by
Schlotfeldt and Alderman (1995) of <1.0 mg/L for freshwater aquaculture is much higher than
that of other authors and is possibly for the somie forms. According to Boyd (1989),
concentrations of 0.01 to 0.05 mg/L of H,S may be lethal to aquatic orgamisms. and any
detectable concentration of H,S is considered undesirable. Zweig et al. (1999) recommend
that source water found to have even low levels of H,S should not be used for aquaculture.

The DWAF (1996) suggestion is reconunended as the guideline for freshwater whilst a slightly
higher one is used for saltwater species (table 9.4.23) based on data for marine species.

Table 2.4.23 Summary of the recommended waler quality guidelines for hydrogen sulphide

Group Guideline mg/L Comments Reference
Recommended guidelines <0.001 freshwater DWAF (1996)
<0.002 saltwater Professional judgement
General =0.001 freshwater DWAF (1996)
=0.003 all agquaculiure Meade (1989)
=0.01 aquatic orgamisms Boyd (1990)
=1.0 Treshwater Schiotfeldt & Alderman (1995)
Freshwater fish =0.002 silver perch Rowland (1985a)
=0.002 salmonids SECL (1983)
Marine fish =0.002 Attantic saimon Klontz (1993)
Brackish water fish =0.3 bamamundi Rimmer (1995)
Freshwater crustaceans =01 temperate water species
Marine crustaceans =0.002 black tiger prawn Les & Wickins (1992)
=0.033 black figer prawn Chen (1985)
Gastropods =1.0 higher is toxic to abalone Fallu {(1991)

Version — October 2000
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Appendix 2.

protection of aquaculture systems.

Chapter 4 — Primary industries

ANZECC (2000) water quality guidelines for

Table 4.4.3 Toxicant guidelines for the protection of aguaculture species

Measured parameter

Freshwater production

Guideline (pg/L)

Saltwater production

INORGANIC TOXICANTS (HEAVY METALS AND OTHERS)

Aluminium =30 {(pH =6.5)7 =107
=10 {(pH =5.5)
Ammonia {un-ionised) =20 (pH =8&.0) c:_olch-'.':{t@.r2 =100
<30 warmwater-
Arsenic <50"F =30
Cadmium {varies with hardness) =0.2-1.82 =0 .5-51
Chilorine =3 =3
Chromium =202 =20
Copper (varies with hardness) =52 =53
Cyanide =51 =H1
Fluorides =204 ND
Hydrogen sulfide =1z =2
Iron =101 =101
Lead {(wvaries with hardness) =1-7= =174
Magnesium =15 0001 ND
Manganese =105 <1015
Mercury =1 =
MNickel =1001 <1001
MNitrate {NOS'J =50 000= =100 00037
Nitrite (NO o) =100"7 =100™"
FPhosphates =1002 =h0
Selenium =101 =101
Silver =31 =31
Tributyltin (TBT) =0.0267 =0.011
Total available nitrogen (TAN) =10001 =10001
Vanadium <1001 <1007
Zinc =51 =51
ORGANIC TOXICANTS (NOM-PESTICIDES)
Detergents and surfactants =0.18 ND
Methane =G5 D00=-10 =G5 D0De=.10
Qils and greases (including petrochemicals) <3008 ND
Phencls and chlorinated phenocls =0.6-1.7¢ ND
Folychlorinated hiphenyls (FCBs) =21 =21
PESTICIDES
2 d-dichlorophenol =402 ND
Aldrin <Q0.012.3.8 ND
Azinphos-methyl =0.012 ND
Chlordane <0.0111 0.00471
Chlorpyrifos =0.0012 ND
DDT (including DDD & DDE) =0.00152 ND
Demton =0.0111 ND
Dieldrin <0.0052 ND
Endosulfan <0.0032.11 0.0017
Endrin <0.0022 ND
Gunthion {see also Azinphos-methyl) =0.0111 ND
Hexachlorobenzole =0.000018 ND
Heptachlor =0.0052 ND
Lindane <0.0111 0.00471
Malathion =0.15.11 ND
Methoxychlor =0.0311 ND
IMirex =0.0012.11 ND
FParaguat ND =0.01
Parathion <0.0471 ND
Toxaphene =0.0022 ND

MD: Mot determined — insufficient information; NC; Mot of concemn; 1. Meade {(1989); 2. DWAF (1996]; 3. Pillay {1390}; £. Tekbutt (1972);
5. Zweig et al. (1995); 6. Schlotfeldt & Alderman (1995); 7. Coche (1581); 8. Langdon {1938); 9. McKees & Wolf (1963); 10. Bowd (1990);
11. Lannan et al. (1986). Others ars bassed on professional judgements of the project team.

page 4. 4-8 Version — October 2000
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Appendix 3.

protection of aquatic ecosystems.

3.4.2 How guidelines are developed for toxicants

ANZECC (2000) water quality guidelines for

Table 3.4.1 Trigger values for toxicants at alternative levels of protection. Values in grey shading are the trigger
values applying to typical siightfy—moderately disturbed systems; see table 3.4.2 and Section 3.4.2 .4 for guidance on
applying these levels to different ecosystem conditions.

Chemical Trigger values for freshwater Trigger values for marine water
(pgL-") (gL}

Lewvel of protection (% species) Level of protection (% species)

99% [95% [90% | 80% 99% 95% [ 90% 80%
METALS & METALLOIDS
Aluminium pH =65 27 55 an 150 ID D ] D
Aluminium pH <6.5 D D D 1D ID D D D
Antimony 9] 1D D 1D 0 D 9] D
Arsenic (4s I11) 1 24 94 © 360 © ID D D D
Arsenic (AsY) 08 12 42 140 © 0 D 9] D
Beryllium ID D Is} 1D ID D ID [n)
Bismuth ID ID ID ID ID D ID D
Boron 90 370 © 680 © 1300 © ID D ID [In]
Cadmium H D.06 0.2 0.4 08"~ 07°® 55%¢ 14 B¢ 36 54
Chromium (Crlll) H ] 1D D 1D 77 274 486 90.6
Chromium (Crv1) 0.01 10°% 6" 40* 0.14 1.4 20° 85 ©
Cobalt 9] 1D D 1D 0.005 1 14 150 ©
Copper H 1.0 14 18° 25C 0.3 13 3°c g%
Gallium ID ID ID ID ID D ID D
Iron ID 1D D 1D ID D ID D
Lanthanum D D D 1D ID D D D
Lead H 1.0 34 55 094° 22 4.4 6.6 ° 12 ©
Manganese 1200 1900° 2500° 3s00° ID D D D
Mercury (inorganic) B 0.06 0.6 19° 54% 0.1 04° 07° 14°
Mercury (methyl) o] 1D D 1D 1D 1D ] []
Molybdenum ID 1D 1D 1D ID D ID D
Nickel H a3 11 13 17 © 7 70°© 2004 560
Selenium (Total) B 11 18 34 ID D D D
Selenium (Selv) B ID 1D Is} ID ID D ID D
Silver D.02 0.05 0.1 0z2°¢ 0.8 14 18 26°
Thallium ] D 1D 1D ID D ] D
Tin (inorganic, Sniv) D D ID 1D ID D D D
Tributyltin {as po/l Sn) 9] 1D D 1D 00004 | ODOES | 002° 0.05 ©
Uranium D D D 1D ID D D D
wWanadium I 1D In} 1D 50 100 160 280
Zinc H 24 = 15 ° 31 © 7 15 ¢ 23° 43¢
NOMN-METALLIC INORGANICS
Ammonia D 320 900 © 1430 © 2300% | 500 910 1200 1700
Chiorine E D4 3 6" 13% ID D D D
Cyanide F 4 7 11 18 2 4 7 14
Nitrate J 17 700 3400 © 17000% | 1D D D D
Hydrogen sulfide G 0.5 1.0 1.5 2.6 1] 1D ] 1]
ORGANIC ALCOHOLS
Ethanol 400 1400 2400% | 4000 ° ID D ID D
Ethylene glycaol ] D n] 1D ] [[] ] []
Isopropyl alcohol ] D D 1D 1D [] ] []
CHLORINATED ALKANES
Chloromethanes
Dichloromethane ID ID ID 1D ID D ID D
Chiaroform D D D 1D ID D D D
Carbon tetrachloride ID 1D 1D 1D ID D ID D
Chloroethanes
1,2-dichlorosthane D D D 1D ID D D D
1,1, 1-trichloroethane ] D n] o] 1] 1D ] [[]

Version — October 2000 page 3.4-5
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Appendix 4 Curriculum Vitae, Dr Ben Diggles
CURRICULUM VITAE

Full name: Benjamin Keith Diggles

Date of Birth: 5-Aug-1971

Position: Managing Director, DigsFish Services Pty Ltd.

Address: 32 Bowsprit Cres, Banksia Beach QLD 45B@n@digsfish.com
Academic qualifications: PhD. B.Sci (Hons.®iclass)

Years post graduate experience: 18

Patents 4

Professional positions held:
Dec. 2003 - present

Managing Director, DigsFish Services Pty Ltatp://www.digsfish.corh

Job description: Provision of an aquatic animal health ctingukervices for the fisheries and
aquaculture industries in New Zealand, Australia and S@adtific. Core business includes import risk
analysis, development of environmental risk assessmentemricbnmental management systems,
disease diagnosis in a wide range of aquatic animals, devetbwf feeding attractants for aquaculture,
artificial baits for recreational and commercial fishirgpd development of medicated feeds for
aquacultured finfish.

Sept. 1997 — Nov. 2003
Marine pathologist/parasitologist, Fish Health Unit, Natiohadtitute of Water and Atmospheric
Research, Wellington, New Zealankktp://www.niwa.cri.nz/

Job description: Provision of a pathology and disease diagnemtiice for the New Zealand
aquaculture industry, including commercial consulting worlva as government and industry funded
research. Clients included private citizens, aquacultadefiahing companies, Regional Councils and
the Governments of New Zealand, South Australia, and the Staids. A significant proportion of
my time was spent designing experiments and research pnogiss and providing disease related
advice for FRDC and FRST funded research projectshidnjdab | was required to perform all aspects
of basic and applied science related to the prevention, aisggrepidemiology and control of diseases
of aquatic organisms including fish (marine and freshwatecisp), lobstersMacrobrachium, rock
oysters, flat oysters, pearl oysters, mussels, abadoakops and sea urchins.

Sept. 1996 - Sept. 1997
Manager, Recreational Fisheries, Primary Industries Sautitralia, Fisheries Department, Adelaide,
South Australia.http://www.pir.sa.gov.au/sector7.shtml

Job description: | was responsible for the preparation antifation of fisheries resource management
policies and options for ecologically sustainable developroenécreational fishing opportunities in

South Australia. | was required to attend nationalea@nal fisheries management meetings and co-
ordinate my work with other State fisheries managersalsé produced discussion papers on the
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management, development and funding of recreational fishin§outh Australia; established a

consultative process between government and the recreatigmalgfisector; managed a recreational
fishing fund; and reported to the Director of Fisheried the Minister for Primary Industries on issues
related to recreational fishing legislation.

Jan. 1993-Sept. 1996

Ph.D candidate, Department of Parasitology, The Uniyeo§iQueensland.
http://www.uqg.edu.au/departments/index.phtml?menu=2&ID=87

Studies of the biology, ecology, taxonomy and contrdCigfptocaryon irritans (Ciliata), the cause of
whitespot disease in cultured marine fishes.

Job description: | was responsible for production of a BigBertation on the biology and control®f
irritans, an important pathogen of marine fish. The projecuired extensive fieldwork utilising
linefishing, anaesthetics, cast nets, drag nets, and ensfaavlers for collecting various species of fish
and shellfish from sites in impoundments, enclosed pondsarest, coastal bar and coral reef
environments in Queensland. Laboratory skills required decdumolecular biology (sequencing,
PCR), electron microscopy (SEM, TEM), microscopy @arasitological dissection. Awarded Doctor
of Philosophy 25/2/97.

Jan. 1992-Dec. 1992

Honours candidate, Department of Parasitology, The Unives@ueensland.
http://www.uqg.edu.au/departments/index.phtml?menu=2&ID=87

Studies of the development and chemotherapyadylabroides multispinosus (Monogenea), a gill
parasite of cultured Yellowfin Breamcanthopagrus australis.

Job description: | was responsible for production of an Hondigsertation on the development and
chemotherapy oP. multispinosus, an monogenean parasite of bream. The project requitdd/drdk
and collaboration with the Port of Brisbane Authority and Selamr the Gold Coast, where sea cage
experiments were carried out. Laboratory skills remlimcluded microscopy and parasitological
dissection. First class honours awarded 18/12/92.

B. Sc. (1991).

University of Queensland, Brisbane, Queensland, Austiatia//www.ug.edu.au/

Majors in Zoology, Environmental Science, Marine Biology, Amulaure and Parasitology. Final year
grade point average 6.1 (out of 7). Awarded Bachelor oh8ei#&7/12/91.

Keynote presentations

June 2008.Pathogen risk analysis: experiences from 9 case studipplications and limitations
Conference: Diseases in Asian Aquaculture/énue: Taipei.

| recently presented a keynote address on pathogen riglsiarialrelation to national and international
movements of aquatic animals and their related products. Hserpation drew upon experience
obtained from several pathogen risk analyses conducted bgDRjgles and DigsFish Services Pty
Ltd over the past 8 years.

Further Education

November-December 2002 Asia-Pacific Regional Program on Molluscan Health &pement Phase
II. University of Queensland. Training workshop on diseagenolluscs in the Asia-Pacific region.

Lecturers included Dr Mike Hine, Dr Judith Handlinger, DrariJones, Dr Bob Lester, Dr Sarah
Kleeman and Dr Franck Berthéttp://www.enaca.org/MolluscProject.pdf
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July - August 2000. Shrimp Pathology Short Course, The University of ArizoAa.intensive 2 week
shrimp aquaculture pathology short course run by Prof. Dongdtner. The course outlined the
history of disease in shrimp farming, the diseases, andioentpractical diagnostic sessions covering
histology, bacteriology, antibody assays (Fluorescent antibodys, teSLISA, Immunaoblot,
immunohistochemistry) and molecular diagnostic techniR€R, RT-PCR, ISH).
http://microvet.arizona.edu/research/aquapath/index.htm

June 2000. Mollusc Histopathology Workshop, University of Tasmanial Aay intensive workshop
focusing on histopathology of molluscan organs and tissuesguree®r Judith Handlinger.

June 2000. Crustacean Histopathology Workshop, University of Tasmama.l day intensive
workshop focusing on histopathology of crustacean organs andstiskecturers included Dr Danielle
Johnston and Dr Barbara Nowak.

May 2000. Fish Histopathology Workshop, University of Tasmania.2 Aay intensive workshop
focusing on histopathology of fish organs and tissues. Lestuneluded Dr Judith Handlinger, Dr
Barry Munday, Dr Barbara Nowak, Dr Tish Pankhurst Bndlark Powell.

Books, chapters in books, management papers:

Diggles BK, Landos J, Landos M (2009). Import Risk Aniglys Shrimp and Shrimp Products.
DigsFish Services Client Report DF09-10. prepared foiGbeernment of Brunei Darussalam
December 2009. 155 pgs.

Aquavetplan (2009). Australian Aquatic Veterinary EmergePley. Enterprise Manual. Version 2.0,
2009. 170 pgs. A revision conducted by DigsFish Services faffiee of the Chief Veterinary
Officer, Australian Government Department of AgricultFsheries and Forestry, Canberra.

Diggles BK, Landos J, Landos M (2009). Assessment of Aguatimal Biosecurity Capacity in
Brunei Darussalam - March 2009. DigsFish Services CReport DF09-01. March 2009. 26

pas.

Aquavetplan (2008). Australian Aquatic Veterinary Ememgg Plan. Operations
Procedures Manual: Disposal. Version 2.0, 2008. 50 pgsvigiae conducted by DigsFish
Services for the Office of the Chief Veterinary OfficAustralian Government Department of
Agriculture, Fisheries and Forestry, Canberra.

Sawynok W, Diggles BK, Harrison J (2008). Development ofteomal environmental management
and accreditation system for business/public recreatiommh@scompetitions . Report published
by Recfish Australia , March 2008, for FRDC project no. 2006/057

Corfield J, Diggles BK, Jubb C, McDowall RM, Moore A, R&zds A, Rowe DK (2007). Dratft final
report for public comment to the Australian government Depattroethe Environment and
Water Resources. Review of the impacts of introduced agmafish species that have
established wild populations in Australia. NIWA Clientgee: HAM2006-082; NIWA Project:
NAU05917  http://www.environment.gov.au/biodiversity/invasive/publicationsiveitjuarium-
fish.html

Diggles B. K., Hine P.M. and Carson J (2007). The CoolntisaExperience. Pearl oyster health
investigations. In: Bondad-Reantaso MG. et al. P@gster Health Management: A manual.
FAO Fisheries Technical Paper 503. FAO, Rome 2007. pgs 71-85.
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Sawynok W., Diggles B., Harrison J. (2006). A national envirariaiemanagement and accreditation
system for recreational fishing tournaments: Concept Dpwatnt. Report published by Recfish
Australia , February 2006, for FRDC project no. 2005/235.

Biosecurity NZ (2006). Import Risk Analysis: Freshwateavfrs Macrobrachium rosenbergii from
Hawaii.  Biosecurity NZ, Ministry of Agriculture and Festry. 63  pgs.
http://www.biosecurity.govt.nz/pests-diseases/animalgpnakns-ra.htm

Biosecurity NZ (2005). Import Risk Analysis: Ornameriisih. Biosecurity NZ, Ministry of Agriculture
and Forestry. 264 pgs.

Diggles, B. K., Hing, P. M., Handley, S. and Boustead, N. C. (2002). A handbook of diseases of importance to aquaculture in
New Zealand. NIWA Science and Technology Series No. 49, ISSN 1173-0382. 200 pages.
http: //www.niwa.co.nz/pubs/st/

Hine, P. M., Jones, J. B. and Diggles, B. K. (2000). Akl of the parasites of New Zealand fishes,
including previously unpublished records. NIWA Technicap®&t 75. ISSN 1174-2631. 94
pageshttp://www.niwa.co.nz/pubs/tr/

Diggles, B.K. (2000). Diseases of spiny lobsters in M@aland. Proceedings of the International
Symposium on Lobster Health Management, L. Evans (€jtin University of Technology.
http://www.curtin.edu.au/curtin/muresk/publica/others/lhm/

Diggles, B. K. and Simpson, D. (1998). A discussion papeh@megulation of recreational fishing in
South Australia. South Australian Fisheries ManagememsS&aper No. 33 (May 1998).
Outcomes summarised lattp://www.fishresearch.sa.gov.au/download/rrr.pdf

Diggles, B. K. and Hall, D. (1997). A discussion paper on tlamagement and development of
recreational fishing in South Australia. South Austrakésheries Management Series, Paper No.
23 (May 1997). Outcomes summarizedhp://www.fishresearch.sa.gov.au/download/rrr.pdf

| also write monthly columns on fish biology for the Aub@na Anglers Fishing World Magazine
www.yaffa.com.au/fw/index.htm (since 1995) and in the USA, Sport Fishing Magazine
www.sportfishingmag.com/index.jggince March 2003)

Number of scientific papers:28

Dungan CF, Reece KS, Moss JA, Hamilton RM, Diggles BK (20@&)kinsus olseni in vitro isolates
from the New Zealand clarAustrovenus stutchburyi. Journal of Eukaryotic Microbiology 54:
263-270.

Corbeil S., Arzul I., Diggles B.K., Heasman M., CholBt, Berthe FCJ., Crane MJ. (2006).
Development of a TagMan PCR assay for the detecti@ommdmia species . Diseases of Aquatic
Organisms 71: 75-80.

Whipps C.M.,Diggles B.K. (2006Kudoa alliaria in flesh of Argentine hokiviacruronus magellanicus
(Gadiformes: Merlucciidae). Diseases of Aquatic Orgasi§9: 259-263.

Diggles B.K., Oliver, M. (2005). Diseases of cultured pataiftisiris) in New Zealand. Proceedings
of the 5th Symposium on Diseases in Asian Aquaculturé Health Section, Asian Fisheries
Society, Quezon City, Philippines.

Tubbs L.A., Poortenaar, C.W., Sewell M.A., Diggles B(RO05). Effects of temperature on fecundity
in vitro, egg hatching and reproductive developmerBeniedenia seriolae andZeuxapta seriolae
(Monogenea) parasitic on yellowtail kingfisBeriola lalandi. International Journal for
Parasitology 35 315-327.
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Sharp, N. J., Diggles, B. K., Poortenaar, C. W antid\i. J. (2004). Efficacy of Aqui-S, formalin and
praziquantel against the monogeneaBenedenia seriolae and Zeuxapta seriolae, infecting
yellowtail kingfish, Seriola lalandi lalandi, in New Zealand. Aquaculture 236: 67-83.

http://www.elsevier.com/wps/find/journaldescription.cws_home/5038&2tiption - description

Diggles B.K. (2003). Some pathological abnormalities of Nealahd Fishes. New Zealand Journal
of Marine and Freshwater Research. 37: 705-713.
http:/www.rsnz.govt.nz/publish/nzjmfr/2003/062.php

Sharp, N. J., Poortenaar, C. W., Diggles, B. K. \fillls T. J. (2003). Metazoan parasites of yellowtail
kingfish, Seriola lalandi lalandi, in New Zealand. Prevalence, intensity and site fpiegi New
Zealand Journal of Marine and Freshwater Research 37: 273-282.

http://www.rsnz.govt.nz/publish/nzjmfr/2003/026.php

Diggles, B.K., Cochennec-Laureau, N., Hine, P.M. (2003). Casgaf diagnostic techniques for
Bonamia exitiosus from flat oyster®Ostrea chilensisin New Zealand. Aquaculture: 220: 145-156.
http://www.elsevier.com/wps/find/journaldescription.cws_home/5038&2tiption - description

Diggles, B.K., Nichol, J., Hine, P.M., Wakefield, Sqodbennec-Laureau, N., Roberts, R.D., Friedman,
C.S. (2002): Pathology of cultured paudaliotis iris Martyn, 1784) infected by a novel
haplosporidian parasite, with some observations on the cotidisease. Diseases of Aquatic
Organisms 50: 219-231.

http://www.int-res.com/abstracts/dao/v50/n3/p219-231.html

Hine, P.M., Diggles, B.K., Parsons, M.J.D., Pringkes,Bull B. (2002). The effects of stressors on the
dynamics ofBonamia exitiosus Hine, Cochennec-Laureau & Berthe, infections in flat ogster
Ostrea chilensis (Philippi). Journal of Fish Diseases 25: 545-554.

http://www.blackwell-synergy.com/rd.asp?code=JFD&goto=journal

Hine, P.M., Diggles, B.K. (2002). The distribution &krkinsus olseni in New Zealand bivalve
molluscs. Surveillance 29: 8-11.
http://www.maf.govt.nz/biosecurity/publications/surveillasceyeillance-29-1. pdf

Hine, P.M., Diggles, B.K. (2002). Prokaryote infections tile New Zealand scallopPecten
novaezelandiae andChlamys delicatula. Diseases of Aquatic Organisms 50: 137-144.
http://www.int-res.com/abstracts/dao/v50/n2/p137-144.html

Hine PM, Wakefield S, Diggles BK, Webb VL, Maas EW (2002)The ultrastructure of a
haplosporidian containing Rickettsiae, associated withalioes among cultured paudaliotis
iris. Diseases of Aquatic Organisms 49: 207-219.

http://www.int-res.com/abstracts/dao/v49/n3/p207-219.html

Diggles, B.K. (2001). A mycosis of juvenile spiny rock lobsksus edwardsii (Hutton, 1875) caused
by Haliphthoros sp., and possible methods of chemical control. JourrfaikbfDiseases 24: 99-
110.

http://www.blackwell-synergy.com/rd.asp?code=JFD&goto=journal

Diggles, B.K., Moss, G. A., Carson, J. and Andersor) G2000). Luminous vibriosis in rock lobster
Jasus verreauxi (Decapoda: Palinuridae) phyllosoma larvae associatedinf@htion by Vibrio
harveyi. Diseases of Aquatic Organisms 43: 127-137.

http://www.int-res.com/abstracts/dao/v43/n2/p127-137.html

Diggles, B. K. (2000). Chemotherapy of the cililigéchodina sp. on juvenile turbotQolistium
nudipinnis) with notes on the susceptibility of fish with abnormal pegwation. New Zealand
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Journal of Marine and Freshwater Research 34: 645 - 652.
http://www.rsnz.org/publish/nzjmfr/2000/54.php

Diggles B. K., J. Carson, P. M. Hine and M. Tait (2000prio species associated with mortalities in
hatchery reared turbotCélistium nudipinnis) and brill €. guntheri) in New Zealand.
Aquaculture 183: 1-12.
http://www.elsevier.com/wps/find/journaldescription.cws_home/5038&2tiption - description

Diggles, B. K. and Ernst, 1. (1997). Hooking mortality wbtspecies of shallow water reef fish caught
by recreational angling methods. Marine and Freshwadsedtch 48: 479-483.
http://www.publish.csiro.au/nid/126/paper/MF96108.htm

Diggles, B. K. (1997). Some information on the morpholog@€myptocaryon irritans from South-East
Queensland, Australia. European Journal of Protistology288:210.
http://www.urbanfischer.de/journals/frame_template.htm®/als/ejp/e-protis.htm

Diggles, B. K. and Adlard, R. D. (1997). Intra-specifarigation inCryptocaryon irritans. Journal of
Eukaryotic Microbiology 44: 25-32http://www.jeukmic.org/Current_Issue.html

Diggles, B. K. and Lester, R. J. G. (1996a). Influencetemhperature and host species on the
development o€ryptocaryon irritans. Journal of Parasitology 82: 45-51.

Diggles, B. K and Lester, R. J. G. (1996b). Variationthe development of two isolates of
Cryptocaryon irritans. Journal of Parasitology 82: 384-388.

Diggles, B. K. and Lester, R. J. G. (1996c). Infectiohryptocaryon irritans on wild fish from
South-East Queensland. Diseases of Aquatic Organism$28:67.
http://www.int-res.com/abstracts/dao/v25/n3/index.html

Diggles, B. K. and Adlard, R. D. (1995). Taxonomic affasti of Cryptocaryon irritans and
Ichthyophthirius multifiliis inferred from ribosomal RNA sequence data. Disease&quatic
Organisms 22: 39-43nttp://www.int-res.com/abstracts/dao/v22/nl/index.html

Roubal, F. R. and Diggles, B. K. (1993). The rate of deveboprof Polylabroides multispinosus
(Monogenea : Microcotylidae) parasitic on the gills Afanthopagrus australis (Pisces :
Sparidae). International Journal for Parasitology 23: 871-875.
http://www.sciencedirect.com/science
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