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130710 Revised Review of Water Quality in Port Curtis

In order to address questions raised by QASSIT in regards to metal concentrations in dredge
discharge waters, in particular aluminium and iron, QGC commissioned a review of historically
measured background concentrations. The purpose of the review was to establish locally relevant
threshold values which may serve as ‘trigger values’ for dredge monitoring. This review is contained

in Part 1: Aluminium and Iron Baseline Concentrations.

Additionally, QGC were interested in establishing the level of compliance of baseline concentrations
of physicochemical parameters, nutrients and metals at Western Basin sites in comparison to
Australian Water Quality Guidelines (AWQG) (ANZECC/ARMCANZ 2000) and Queensland Water
Quality Guidelines (QWQG) (DERM 2009b). This review is contained in Part 2: Background

Compliance Review.

1 Aluminium & Iron Baseline Concentrations

1.1 Methodology

Concentrations of aluminium and iron have been measured regularly throughout Port Curtis (Table
1) since 2006, primarily through the Port Curtis Integrated Monitoring Program or PCIMP (Andersen
et al. 2006a, Andersen et al. 2007, Storey et al. 2007, Andersen and Melville 2008, Vision
Environment QLD 2009b, c, 2010a, b), in addition to several dredging projects including two at
Fisherman’s Landing (Andersen et al. 2008, Vision Environment QLD 2009a). Metals have been

measured using four complementary techniques:

Total metal discrete grab samples
Dissolved metal discrete grab samples

DGT-labile metals

Eal S

Oyster metal accumulation

Table 1. Project sources of aluminium and iron data in Port Curtis

Parameter Monitoring Program

Total Aluminium and Iron e Port Curtis Integrated Monitoring Program (PCIMP):
Winter 2008 & Summer 2009/2010
e Fisherman’s Landing Dredge Monitoring: Stage 1

(Summer 2008)
Dissolved Aluminium and iron e Fisherman’s Landing Dredge Monitoring: Stage 2
(Summer & Winter 2009)
DGT-labile Aluminium and Iron e Port Curtis Integrated Monitoring Program (PCIMP):
Oyster Aluminium and Iron Winter 2006, Winter 2007, Winter 2008 & Summer
2009/2010

Vision Environment QLD
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130710 Revised Review of Water Quality in Port Curtis

Total Metals

This is a common technique used to gain a spot measurement of the metal concentration at the time
the sample is collected. This result can be compared directly to Australian Water Quality Guidelines
(ANZECC/ARMCANZ 2000) if a Guideline exists for that particular metal. However, variable
laboratory detection limits and the potential to miss periodic discharge events, thus providing only a
measurement of metal concentrations at the exact time that the sample is collected, are a drawback

to this method.

Dissolved Metals

Dissolved metals are examined less commonly than total metals in discrete grab samples, as
concentrations are generally less than laboratory detection limits in relatively unimpacted areas.
However, these can be considered useful measures as the major toxic effect of metals are thought
to come from the dissolved fraction (ANZECC/ARMCANZ 2000). Dissolved concentrations are
measured by field-filtering the total metal sample through a 0.45 um sterile syringe filter into an
acid-washed collection bottle. Although total rather than dissolved metals would be recommended
in monitoring a dredge discharge, the inclusion of dissolved metals only in the Fisherman’s Landing

Stage 2 Dredge Management Plan (CQPA 2007) resulted in only dissolved metals being collected.

DGT-labile Metals

DGT, or Diffuse Gradient in Thin films, are passive samplers which provide a time-integrated
measured of the ambient metal concentration. The DGT technique is based on a simple device,
which accumulates metal ions in a well-defined manner from solution. Soluble species diffuse
through a layer of known thickness. Behind this diffusive layer is a binding layer in which reactive
metal species are rapidly and irreversibly bound, thereby maintaining a concentration gradient
within the diffusive layer. The mass of accumulated metal is measured following retrieval of the
device and is used to calculate the average concentration of DGT-labile metal species in the
measured water over the deployment time using the DGT equation, which is derived from Fick’s First

Law of Diffusion (Teasdale et al. 2002).

As the device does not accumulate the major ions that cause interference with most elemental
measurement techniques, the DGT measurement does not suffer the interference often associated
with the direct analysis of saline waters. A further benefit of the use of the DGT technique over
traditional grab samples is in areas where ultra-trace concentrations of metals predominate, which is

often the case in particular areas within Port Curtis. The extended period of deployment allows the

Vision Environment QLD
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130710 Revised Review of Water Quality in Port Curtis

pre-concentration of metals within the sampler, providing a time-averaged speciation measurement
of reactive metals in waters over a deployment time of several days. In combination with the
relatively low laboratory detection limits, this ensures that in contrast to traditional grab samples, a
result is usually obtained even when metals are present at low concentrations. More importantly, it
has been demonstrated that DGT can measure the influence of ‘events’ on metal concentrations,
that correspond to the deployment time scale (Dunn et al. 2007). Events that have been
characterised include tidal cycles, tidal flushing over a month, the presence of recreational boats,
and urban run-off (Dunn et al. 2007). In accordance with the ANZECC/ARMCANZ (2000) water quality
guidelines, if the total and dissolved metal concentrations exceed the guideline trigger values, DGT
may be used as a speciation measurement to provide a better estimate of the reactive metal

concentration (Teasdale et al. 2002, Dunn et al. 2007).

The accumulation of aluminium by DGT has been found to vary somewhat from the remaining
metals. Recent laboratory trials have found that DGT-labile aluminium is accumulated similar to the
other metals when the ambient pH is less than 7.5. At higher pH levels, soluble aluminium tends to
form into AI(OH),, thus becoming less available for accumulation by DGT. Further research is
necessary to describe how the amount of aluminium accumulated within the DGT probe relates to
water concentrations at higher pH. In Port Curtis, pH at the estuarine and marine sites is greater
than 7.5, and so the Chelex DGT tends to underestimate the labile aluminium concentrations by 40
to 90%. However, the aluminium concentrations estimated by the normal approach can provide a

very approximate comparison between sites of similar pH, as is found in Port Curtis.

DGT have been routinely utilised in PCIMP and associated monitoring in Port Curtis (including dredge
event monitoring) since 2004 with approximately 300 DGT deployed in Port Curtis annually, possibly
the largest single scale deployment of DGT worldwide. Passive sampling techniques are also
considered an acceptable method of sampling under the DERM Monitoring and Sampling Manual

2009 (DERM 2009a).

Oyster Metal Accumulation

Using biomonitor organisms to measure metal accumulation is becoming a more common approach
in pollution assessment (Rainbow 1995a). Using a biological technique such as oysters to measure
metal accumulation is ecologically relevant as it assesses the concentrations which are not only
available to and potentially affecting biota (Rainbow 1995b), but also reflects the mass of the
bioavailable concentration that has entered the food chain. The use of transplanted oysters over
resident oysters has several advantages, and has been used successfully in Port Curtis since 2002

(Andersen et al. 2003, Andersen et al. 2004, Andersen et al. 2005, Andersen et al. 2006b), with

Vision Environment QLD
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130710 Revised Review of Water Quality in Port Curtis

approximately 3000 oysters deployed annually under PCIMP and associated programs. A

comparison of the three monitoring techniques (grab samples; DGT and biomonitors), is provided

below:
Transplanted oysters DGT (passive sampler) Total metals
Time-averaged (56 days) Time-averaged (5 - 7 days) Spot sampling
Locally relevent species Port Curtis and internationally Common technique
Low detection limits Low detection limits Variable detection limits
No saline interference No saline interference Saline interference
Measures bioavailable fraction Measures metal species Total measurement only
Not compared to ANZECC Speciation measurement under Compare to ANZECC

ANZECC

1.1.1 Study Area

Iron and aluminium data has been collated from eight selected PCIMP sites in the Western Basin
area (Figures 1 and 2), in addition to 15 sites in the outer harbour/reference area of Port Curtis
(Figure 3). For each parameter (total metal, dissolved metal, DGT-labile metal and oyster metal
accumulation rate), the 80™ and 20" percentile of all collected data has been calculated in the

Wester Basin area and Reference area, in both summer and winter (Tables 2 and 3).

Navy) NGA GEBCO, |
10 DigitalGlobe Y

Imagery Dates: A

Figure 1. Relative location of Western Basin and Outer harbour/reference sites
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Figure 2. Selected Western Basin sites

Data collected from several years of PCIMP monitoring and two dredge monitoring events was
utilised in the calculations. As total (Stage 1 Fisherman’s Landing Dredge only) and dissolved
aluminium and iron concentrations were similar during Pre-Dredge compared to Dredge for both
Fisherman’s Landing Stage 1 (Andersen et al. 2008) and Stage 2 (Vision Environment QLD 2009a),

data for both time periods at sites C1 and QE1 were included in the review

1.2 Revised Results

Total metal data from PCIMP 2008 (Table 4 & 6) (Vision Environment QLD 2009b) and PCIMP
2009/10 (Table 5 & 7) (draft & unpublished) were used in the calculations. Trends in concentrations
of aluminium and iron for all measured parameters were similar (Table 2 & 3). Strong significant
relationships have been previously established between measured concentrations of aluminium and

iron in total samples (R* = 0.98, p <0.001), DGT (R® = 0.71, p <0.001) and oyster (R* = 0.86, p <0.001)

Vision Environment QLD
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(Vision Environment QLD 2009b). Concentrations of both metals tended to be more elevated during
summer sampling compared to winter. The results are not surprising as significant regressions
relationships have also been identified between total aluminium and iron and turbidity (Vision
Environment QLD 2009b). As turbidity is generally more elevated in the summer months, the
resuspension of sediments is likely to contribute to increased background concentrations of both
metals in summer. Thus a trigger value based on winter concentrations is likely to be too
conservative during summer months and not have the flexibility to incorporate natural summer

extremes.

Concentrations at reference sites for both metals in all parameters also tended to be lower than at
measured Western Basin sites in Port Curtis. Percentile values ranged from only slightly higher to
over four times more elevated at Western Basin sites. Note that for other metals where AWQG exist
the Western Basin area generally reports concentrations below the AWQG 95% trigger value (Vision

Environment QLD 2009b).
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Figure 3. Outer harbour/reference sites
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Table 2. Revised statistical analysis of previous periodic sampling of aluminium in Port Curtis waters
Data from all PCIMP reference sites (oceanic and estuarine) from 2008 and 2009/10 (draft & unpublished) used in calculations in addition to FL dredge data

Parameter Season Western Basin Area Season Port Curtis Reference
Mean 95™ 80" 20" Mean 95" 80" 20"
percentile percentile percentile percentile percentile percentile
Total Aluminium (ug/L) Summer | 341 710 432 214 Summer | 201 426 282 114
(n=17) (n=15)
Winter 190 262 238 142 Winter 57 81 70 50
(n=3) (n=15)
All 318 665 378 186 All 129 362 230 54
(n=20) (n=30)
Dissolved Aluminium (pg/L) Summer 11 <5 Summer - -
(n=44)
Winter 8 <5 Winter - -
(n=45)
DGT-labile Aluminium (pg/L) Summer 10 1.4 Summer 3.4 0.3
(n=27) (n=13)
Winter 2.8 0.4 Winter 1.3 04
(n=41) (n=40)
Oyster Aluminium Summer 16 7 Summer 13 4.4
accumulation(ug/g/week) (n=24) (n=12)
Winter 13 4.9 Winter 8.9 0.8
(n=28) (n=34)
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Table 3. Revised statistical analysis of previous periodic sampling of iron in Port Curtis waters
Data from all PCIMP reference sites (oceanic and estuarine) from 2008 and 2009/10 (draft & unpublished) used in calculations in addition to FL dredge data

Parameter Season Western Basin Area Season Port Curtis Reference
Mean 95" 80" 20" Mean 95" 80" 20"
percentile percentile percentile percentile | percentile percentile
Total Iron (ug/L) Summer | 482 1140 630 292 Summer | 211 468 286 119
(n=17) (n=15)
Winter 300 375 360 246 Winter 69 101 81 65
(n=3) (n=15)
All 455 1110 510 272 All 140 387 236 68
(n=20) (n=20)
Dissolved Iron (pg/L) Summer <5 <5 Summer - -
(n=44)
Winter <5 <5 Winter - -
(n=45)
DGT-labile Iron (pg/L) Summer 17 4.4 Summer 6.9 2.6
(n=27) (n=13)
Winter 11 5.8 Winter 12 6.1
(n=41) (n=40)
Oyster Iron Summer 23 10 Summer 15 3.7
accumulation(pg/g/week) (n=24) (n=12)
Winter 17 5.1 Winter 12 13
(n=28) (n=34)

Vision Environment QLD
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Table 4. Total and DGT-labile aluminium concentrations and oyster aluminium accumulation rates at North Harbour

zones in winter 2008 (Vision Environment QLD 2009b).

Values are zone means + se (n =2 to 15). EH value = Ecohealth Value or the 95" percentile of all reference data from

2006-2008.
Total Aluminium DGT-labile Aluminium Oyster aluminium accumulation
Zone (ng/L) (ng/L) rate (ug/g/week)
Mean t se Range Mean * se Range Mean * se Range
- - 42+14 <0.80-15 8.3+0.8 4.7-12
- - 53+1.1 3.0-8.7 6.2+2.6 1.0-16
190 + 46 110-270 5.8+2.0 1.0-17 6.6+1.1 2.8-12
578 +142  170-1300 9.7+33 <0.80 - 22 16.2+1.4 9.1-22
Wiggins Island (WI) - - 76t14 3.2-20 8.7+14 2.5-15
Anabranch (ANA) - - 1.1+04 <0.80-2.9 12.0+2.2 5.6-17
Calliope River (CR) - - 6.3+1.5 <0.80-13 14.8+2.2 4.4-23
166 £ 19 96 — 280 25+1.0 <0.80 - 14 123+1.2 1.7-20
Mid harbour (MID) 1155 110-120 36t1.1 <0.80-11 6.7+0.8 3.5-12
_ - - 1.0+0.6 <0.80-16 45+1.2 2.6-6.5
Estuarine Reference 1 (RE1) 66+ 6 52-93 29+21 <0.80-14 10.2+1.6 6.8—-18
_ 31+13 11- 56 1.1+04 <0.80-1.6 2.5+0.8 0.5-4.9
Estuarine Reference 2 (RE2) 62+5 43 -76 50t1.5 13-11 9.1+0.7 6.0-11
Lake Callemondah 90 - <0.83 - - -
EH value 81 - 2.6 - 10.2 -

Table 5. Total and DGT-labile aluminium concentrations, and oyster aluminium accumulation rates at North Harbour

zones in summer 2009/2010 (unpublished).

Values are zone means + se (n =2 to 45). No Marine AWQG are available for aluminium. Freshwater AWQG for
waters with ph > 6.5. If the zone mean value is not within the AWQG recommended range, it is shaded in pink. EH
value = Ecohealth Value or the 95" percentile of all reference data from 2006-2010.

Total Aluminium DGT-labile Aluminium Oyster Accumulation
Zone (ng/L) (ng/L) (ug/g/week)
Mean t se Range Mean t se Range Mean t se Range
- - 47+2.0 0.6-19 9.1+2.1 3.0-19
190+23 | 120-240 | 13:08 | <059-53 | 24x4 | 14-31
- - 59+1.9 1.4-26 11+1 52-14
1240+ 203 | 700 —2670 7.4+2.38 <0.59 - 27 3314 21-56
- - 29407 | <059-6.4 | 87+25 |3.8-23
281+24 130-480 2.1+04 0.6-5.6 41+5 13-79
Auckland Crk 241+ 49 80—-740 9.1+2.0 <0.59 - 22 14+3 0.6-33
Mid Harbour 100 - 8.8+3.3 2.2-33 7.8+1.7 2.7-17
Boyne Tannum 174 + 26 100 -290 2.8+09 <0.59-8.6 21+4 2.6-33
Outer Harbour - - 40+2.9 1.1-6.8 77+14 |6.3-9.1
Estuarine Reference 235+31 120-440 15+0.1 <0.59-3.5 8.7+1.7 29-20
DNOCEaNiCReieleneel 63:13 | 50-90 | 68%15 | 54-83 1.0 :
Marine AWQG 95% - - -
EH Value 362 7.5 16
Callemondah 320 - <0.59 - - -
Fresh AWQG 95% 55 - -
Fresh AWQG 90% 80 - -
Fresh AWQG 80% 150 - -
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Table 6. Total and DGT-labile iron concentrations, and oyster iron accumulation rates at North Harbour zones in
winter 2008 (Vision Environment QLD 2009b).
Values are zone means # se (n =2 to 15). EH value = the 95 percentile of all reference data from 2006-2008.

Total Iron DGT-labile Iron Oyster iron accumulation
Zone (ug/L) (ug/L) rate (ug/g/week)
Mean t se Range Mean t se Range Mean t se Range
- - 229 3.3-98 12+2 8.2-19
- - 24+6 8.8-49 9.0+3.6 1.5-22
300 £ 57 190 -380 207 5.1-61 9.1+1.7 3.0-18
746 £+188  220-1700 49+ 16 43-114 24+3 12 -40
Wiggins Island (WI) - - 235 43-44 11+2 3.1-20
Anabranch (ANA) - - 69t14 42-13 16+3 6.2-24
Calliope River (CR) - - 31+10 4.2-101 203 6.2-32
199 + 25 120-370 9.8+3.0 2.2-40 1712 3.9-27
Mid harbour (MID) 195+15 180 - 210 175 3.7-59 8.1+1.2 3.4-15
- - 6.3+3.3 2.7-9.9 6.0+1.7 34-86
Estuarine Reference 1 (RE1) 80+6 69 - 100 17 +10 3.3-63 13+2 8.7-125
_ 39+17 9.8-70 9.4+28 6.7-12 36%1.0 1.0-6.9
Estuarine Reference 2 (RE2) 746 54 -97 12+2 43-17 12+1 7.4-14
Lake Callemondah 200 - 51+1.4 - - -
EH Value 101 - 21 - 14 -

Table 7. Total and DGT-labile iron concentrations, and oyster iron accumulation rates at North Harbour zones in

summer 2009/2010 (unpublished).

Values are zone means #* se (n =2 to 45). No Marine or Fresh AWQG are available for iron. EH value = Ecohealth Value

or the 95" percentile of all reference data from 2006-2010.

Total Iron DGT-labile Iron Oyster Accumulation
Zone (kg/L) (kg/L) (ug/g/week)
Mean * se Range Mean * se Range Mean * se Range
- - 1142 5.1-29 15+ 6 5.3-48
222428 | 125-287 | 64%14 | 36-13 31+5 | 20-43
- - 207 4.5-97 15+1 6.9-21
1431 +239 | 827-3190 10%2 2.8-22 467 21-81
- - 11+2 | 53-24 | 11+3 |51-28
325431 134 - 589 6.3+1.0 1.9-13 64+ 16 20-140
Auckland Crk 287 + 63 97 —-948 17+3 1.7-39 1914 1.4-45
Mid Harbour 115 - 12+4 5.8-42 11+3 2.6-29
Boyne Tannum 182 + 28 122 -333 4.6 +0.5 26-71 24 +5 13-37
Outer Harbour - - 7.3%3.2 41-11 9.4+16 7.8-11
Estuarine Reference 248 + 35 125-481 3.7+0.5 1.8-8.3 9.8+2.0 3.5-23
F 6614 | 49-93 1541 13-16 0 -
Marine AWQG -

Vision Environment QLD
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130710 Revised Review of Water Quality in Port Curtis

EH Value

387

18

19

Callemondah

634

- 3.4+0.2

Freshwater AWQG

*Note that — indicates that total metals were not sponsored for collection within that zone in that year including
Fisherman’s Landing in 2009/10. Information in Tables 2 and 3 is from data collected for Fisherman’s landing dredge
project.

1.3 Calculation of Trigger Values
There are currently no Australian(ANZECC/ARMCANZ 2000) or Queensland (DERM 2009b) marine water quality
guidelines for aluminium or iron. There are several alternative approaches for calculating locally-relevant trigger

values for metal concentrations in the absence of AWQG. Two such approaches are listed below.

1.3.1 AWQG Decision Tree Approach

ANZECC/ARMCANZ (2000) recommend as part of their decision tree framework that natural background
concentrations of the metal in question be examined at relevant reference sites, particularly when metals exceed
trigger values (if trigger values established). If the concentrations at the reference site also exceed trigger values,

then the 80" percentile of the background concentrations can be accepted as a site-specific trigger value.

As no trigger values have been established for either aluminium or iron, the 8o™ percentile of the reference data
may be used as a trigger value, and compared against the median concentrations gained at the site in question
(Western Basin). This can be done on a one-off or, as is recommended, using a rolling comparison over time.
However, there are drawbacks to this approach. Using the 80" percentile of ‘unimpacted’ reference data means that
by definition, 20% of reference data would be above this trigger value, suggesting they are below a standard of
quality that one wishes to attain. In addition, Port Curtis can be considered a slightly to moderately disturbed

ecosystem, which further suggests that a trigger value derived in this way would be extremely conservative.

Using this approach, the following trigger values have been derived:

Parameter

Aluminium Trigger Value
(80" percentile of ref. data)

Iron Trigger Value
(80" percentile of ref. data)

Total Metal (ug/L) 230 236
DGT-labile Metal (pg/L) 1.8 12
Oyster metal accumulation (ug/g/week) 9.3 12

Median baseline values for both aluminium iron in the Western Basin have been calculated for comparison with

these trigger values:

Parameter Western Basin Western Basin

Median Aluminium | Median Iron
Total Metal (ug/L) 250 350
DGT-labile Metal (ug/L) 2.1 7.7
Oyster metal accumulation (ug/g/week) 9.7 13.5

Vision Environment QLD
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These comparisons indicate that even during baseline conditions, total aluminium and iron, DGT-labile aluminium
and oyster aluminium and iron accumulation frequently exceed the ‘trigger values’ in the Western Basin. This

suggests that this approach may be too conservative.

1.3.2 Revised Enrichment Trigger Values (ETV)

This is an approach which has been used successfully in Port Curtis during the recent PCIMP Water Quality
Monitoring and Intertidal Monitoring Programs, as well as being adopted for the peer reviewed Port Curtis
Ecosystem Health Report Card (Storey et al. 2007). In this approach, the 95" percentile of reference data was used
to calculate an Ecological Health, or EH, value. Using the 95" percentile, allows for some variability within the

reference data and for some reference data to exceed the EH, but likely only by a small amount.

Enrichment Trigger Values (ETV) were then calculating by multiplying the EH value by 1.5. In the absence of
Guidelines for sediments, ANZECC/ARMCANZ (2000) recommend a multiplication factor of two, although in highly
disturbed ecosystems a larger factor (no more than three) may be more appropriate. Taking into account the small
sample numbers for total metals a value of 1.5 has been applied in this instance as a more conservative approach.
This approach provides a more environmentally realistic value in which to ‘trigger’ further investigation of the site in

question.

Using this approach, the following EH and Enrichment trigger values have been derived:

Table 8. Current Trigger or Ecological Health (EH) values used in PCIMP Water Quality Monitoring Program and
proposed Enrichment Trigger Values (ETV) for three techniques

Ecological Health (EH) values calculated as the 95" percentile of Port Curtis reference data from 2006 to 2010.
Proposed Enrichment Trigger Value (ETV) for Western Basin calculated as 1.5 times the EH value.

Parameter Aluminium Aluminium Iron Iron Proposed
EH Proposed ETV EH ETV
Total Metal (ug/L) 362 543 387 581
DGT-labile Metal (ug/L) 7.5 11.25 18 27
Oyster metal accumulation (ug/g/week) 16 24 19 28.5

The proposed ETV for total aluminium (724 pg/L) is similar to the 95" percentile value (710 pg/L) for summer
measured values in the Western Basin, whereas the proposed DGT-labile aluminium ETV is similar to the 95"
percentile of measured winter values. In contrast proposed oyster aluminium ETV was approximately twice the

winter 95 percentile (14 pg/g/week) of Western Basin sites.

This second approach for calculating appropriate trigger values is recommended, as it is a less conservative and more

ecologically realistic approach.

Vision Environment QLD Page
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1.3.3 Comparison to QASSIT Table 1.
The following table (Table 9) was provided by QASSIT in comments as a response to the summary document. The
Table has been replicated below (Table 10) with the incorporation of further comments relating to QASSIT

comments.

Note that Vision ETVs were calculated using both winter 2008 and summer 2009/10 PCIMP reference data only.
Additionally data presented for the Western Basin included data collected for Fisherman’s landing dredge project
(Tables 2 and 3). ETVs were calculated through the use of reference data only (see 1.3.2). Data from Boat Creek or
other estuaries were not used to calculate an Ecological Health value as these zones are known to be impacted by
current industry practices (note Boat creek summer mean total aluminium = 1240 pg/L c.f. winter 578 ug/L). It would
be erroneous to include impacted data in the calculation of an EH and therefore an ETV. The revised calculation has

applied a more conservative multiplication factor of 1.5 rather than the previously recommended factor of two.

It appears that no summer data was included in the QASSIT Table 1 calculations. As summer results are more
elevated than in winter (total aluminium winter reference mean = 57 pg/L c.f. summer reference mean = 201 pg/L)
the inclusion of this data supports the use of the originally proposed ETV. Note the new proposed ETV for total
aluminium (543 pg/L) is less than the 95 percentile value (665 pg/L) for all values in the Western Basin (Table 2) but
higher than the go™" percentile value (378 pg/L) and therefore is in the range of seasonally expected concentrations

in the Western Basin during general background operations.

Table 9. QASSIT comment Table 1.

Table 10: Proposed ETVs for operational works compared with local monitoring data and alternate ETVs.

Data Sources Total Fe | Total Al

(mg/L) (nglL)
Vision (2010) Proposed ETV for dredge tailwaters (n = ?) 774 724
PCIMP (2008) — Boat Creek Zone Average (n = 18) 746 578
PCIMP (2008) — Fisherman’s Landing Zone Average (n = 6) 300 190
PCIMP (2008) — ETV’s as 2x EH values quoted in Tables 9 and 10 (n = 82) 202 162

PCIMP (2008) — ETVs roughly recalculated to exclude Reference and Boat
Creek Zones (EH’s calculated for FL, AC, and MID as = average total metals + 589 406
1.96*standard error. EH’s were then averaged and that average doubled)

Vision Environment QLD Page
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Table 11. Vision revised QASSIT comment Table 1.

Data Sources Revised Revised
ETV Total ETV Total

Fe (ug/L) Al (ug/L)

Vision (2010) Proposed ETV for dredge tailwaters (n=30) 581 543
Comments:

As calculated in 1.3.2 the ETV is based on the 95" percentile of reference data
(oceanic and estuarine) from winter 2008 and summer 2009/10 to calculate an
Ecological Health, or EH, value. 1.5 times rather than two times the EH has then
been used to calculate the revised ETV.

This value is not considered high when summer data is referred to.

PCIMP (2008) — Boat creek Zone average (n = 9) N/A N/A
Data from impacted sites should not be used to calculate the ETV. Boat Creek
may receive discharges from a local aluminium refinery and could be considered
highly impacted. Note the summer values for BC are 1240 pug/L c.f. winter 578

ug/L

PCIMP (2008) Fishermans Landing N/A N/A
Again ETVs should be calculated on reference data not impacted data

PCIMP (2008) QASSIT ETV N/A N/A
Summer data not included

PCIMP (2008) N/A N/A

The above calculated ETVs did not include Boat Creek data only reference data

2 Background Compliance Review

2.1 Approach

Physicochemical, nutrient and metal data from recent PCIMP Monitoring (Vision Environment QLD 2009b, c, 2010a,
b), regular monitoring for QCG undertaken since November 2009, and two dredge monitoring events (Andersen et
al. 2008, Vision Environment QLD 2009a) was examined in order to determine whether water quality characteristics
generally complied with Australian Water Quality Guidelines (ANZECC/ARMCANZ 2000) and/or Queensland Water
Quality Guidelines (DERM 2009b). Physicochemical characteristics and nutrient concentrations were compared to
both AWQG for Tropical Australia, and QWQG for the Central Coast Region. Trigger values for metal concentrations

are currently only available through AWQG.
Four levels of compliance were utilised:

e Always: Parameter within recommended Guidelines on 100% of occasions

e Frequently: Parameter within recommended Guidelines between 51 and 99% of occasions
e Infrequently: Parameter within recommended Guidelines between 1 and 50% of occasions
e Never: Parameter never within recommended Guidelines
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2.2 Results

A review of data suggests that background physicochemical properties both in the Western Basin area and Port
Curtis reference areas do not always comply with WQG, particularly the more stringent physicochemical parameters
recommended by the QWQG (Tables 5 to 8). While physicochemical parameters are more lenient in the AWQG,

nutrient and chlorophyll a concentrations tend to be more stringent.

During summer months, turbidity and nitrate concentrations in the Western Basin complied with QWQG on less than
50% on occasions, but were more compliant with AWQG. Turbidity in the reference areas also did not comply to
QWQG on all occasions, suggesting a very conservative trigger value, perhaps inappropriate for an estuarine
embayment within a sub-tropical region. Only pH, total nitrogen and orthophosphate concentrations in the Western
Basin during summer complied with QWQG, while in the reference areas, pH and most nutrients were always
compliant. In regards to metal concentrations, for those metals where AWQG existed, and laboratory detection
limits were greater than the AWQG, all were compliant in the Western Basin. However, in the reference areas, zinc

and silver concentrations did not always comply with AWQG.

During the winter months, total phosphorus and orthophosphate complied with QWQG on less than 50% of
occasions in the Western Basin, while orthophosphate concentrations were never compliant with AWQG. A similar
pattern was evident at the reference sites, where total phosphorus was never compliant with AWQG. Dissolved
oxygen, turbidity and total nitrogen frequently complied with QWQG in the Western Basin, while the former two
were always compliant with AWQG. A similar scenario was exhibited at the reference sites were dissolved oxygen,
nitrate-N and ammonia-N frequently complied with QWQG, and the former two always complied with AWQG. All

metal concentrations in both areas complied with AWQG where it was possible to compare.

Table 12. Baseline water quality conditions in the Western Basin area during summer 2008 to 2010
* compliance status cannot be commented on, as laboratory detection limits were greater than the 95% AWQG.

Parameter QwaQeG Compliance AWQG Compliance
Rate Rate

pH 7.0-84 Always 7.0-8.5 Always

Dissolved oxygen (% saturation) 85-100 Frequently 80-120 Always
Turbidity (NTU) 8 Infrequently 20 Frequently

TSS (mg/L) 20 Frequently - -

Chlorophyll a (pg/L) 4 Frequently 2 Frequently
Total Phosphorus (pg/L) 25 Frequently 20 Frequently
Orthophosphate (ug/L) 8 Always 5 Frequently

Total Nitrogen (ug/L) 300 Always 250 Always
Ammonia-N (ug/L) 10 Frequently 15 Frequently
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Nitrate-N (pg/L) 10 Infrequently 30 Always
Nitrite-N (ug/L) 10 Frequently 30 Always
Copper 95% AWQG (ug/L) - - 1.3 *
Zinc 95% AWQG (ug/L) - - 15 Always
Cadmium 95% AWQG (ug/L) - - 5.5 Always
Chromium 95% AWQG (ug/L) - - 27.4 Always
Cobalt 95% AWQG (ug/L) - - 1 *
Nickel 95% AWQG (ug/L) - - 70 Always
Lead 95% AWQG (ug/L) - - 4.4 *
Silver 95% AWQG (ug/L) - - 1.4 Always
Mercury 95% AWQG (ug/L) - - 0.4 Always
Vanadium 95% AWQG (ug/L) - - 100 Always
Vision Environment QLD Page
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Table 13. Baseline water quality conditions in the Port Curtis reference areas during summer 2009/2010

18

Parameter QWQG Compliance AWQG Compliance
Rate Rate
pH 7.0-84 Always 7.0-8.5 Always
Dissolved oxygen (% saturation) 85-100 Frequently 80-120 Always
Turbidity (NTU) 8 Frequently 20 Frequently
TSS (mg/L) 20 Frequently - -
Chlorophyll a (ug/L) 4 Frequently 2 Frequently
Total Phosphorus (ug/L) 25 Always 20 Always
Orthophosphate (ug/L) 8 Always 5 Always
Total Nitrogen (ug/L) 300 Always 250 Always
Ammonia-N (pg/L) 10 Always 15 Always
Nitrate-N (ug/L) 10 Always 30 Always
Nitrite-N (ug/L) 10 Frequently 30 Always
Copper 95% AWQG (ug/L) - - 1.3 Always
Zinc 95% AWQG (pg/L) - - 15 Frequently
Cadmium 95% AWQG (ug/L) - - 5.5 Always
Chromium 95% AWQG (ug/L) - - 27.4 Always
Cobalt 95% AWQG (ug/L) - - 1 Always
Nickel 95% AWQG (ug/L) - - 70 Always
Lead 95% AWQG (ug/L) - - 4.4 Always
Silver 95% AWQG (ug/L) - - 1.4 Frequently
Silver 90% AWQG (ug/L) - - 1.8 Frequently
Silver 80% AWQG (ug/L) - - 2.6 Frequently
Mercury 95% AWQG (ug/L) - - 0.4 Always
Vanadium 95% AWQG (ug/L) - - 100 Always
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Table 14. Baseline water quality conditions in the Western Basin area during winter 2008
* compliance status cannot be commented on, as laboratory detection limits were greater than the 95% AWQG.

Parameter QwaQG Compliance AWQG Compliance
Rate Rate
pH 7.0-84 Always 7.0-8.5 Always
Dissolved oxygen (% saturation) 85-100 Frequently 80-120 Always
Turbidity (NTU) 8 Frequently 20 Always
TSS (mg/L) 20 - - -
Chlorophyll a (ug/L) 4 Always 2 Always
Total Phosphorus (ug/L) 25 Infrequently 20 Infrequently
Orthophosphate (ug/L) 8 Infrequently 5 Never
Total Nitrogen (ug/L) 300 Frequently 250 Frequently
Ammonia-N (pg/L) 10 Always 15 Always
Nitrate-N (ug/L) 10 Always 30 Always
Nitrite-N (ug/L) 10 Always 30 Always
Copper 95% AWQG (ug/L) - - 1.3 *

Zinc 95% AWQG (pg/L) - - 15 Always
Cadmium 95% AWQG (ug/L) - - 5.5 Always
Chromium 95% AWQG (ug/L) - - 27.4 Always

Cobalt 95% AWQG (ug/L) - - 1 *
Nickel 95% AWQG (ug/L) - - 70 Always
Lead 95% AWQG (ug/L) - - 4.4 *
Silver 95% AWQG (ug/L) - - 1.4 Always
Mercury 95% AWQG (ug/L) - - 0.4 Always
Vanadium 95% AWQG (ug/L) - - 100 Always
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Table 15. Baseline water quality conditions in the Port Curtis reference area during winter 2008.
* compliance status cannot be commented on, as laboratory detection limits were greater than the 95% AWQG.

Parameter QwWQG Compliance AWQG Compliance
Rate Rate
pH 7.0-84 Always 7.0-8.5 Always
Dissolved oxygen (% saturation) 85-100 Frequently 80-120 Always
Turbidity (NTU) 8 Always 20 Always
TSS (mg/L) 20 - - -
Chlorophyll a (ug/L) 4 Always 2 Always
Total Phosphorus (ug/L) 25 Infrequently 20 Never
Orthophosphate (ug/L) 8 Always 5 Always
Total Nitrogen (ug/L) 300 Always 250 Always
Ammonia-N (pg/L) 10 Frequently 15 Frequently
Nitrate-N (ug/L) 10 Frequently 30 Always
Nitrite-N (ug/L) 10 Always 30 Always
Copper 95% AWQG (ug/L) - - 1.3 *
Zinc 95% AWQG (pg/L) - - 15 Always
Cadmium 95% AWQG (pg/L) - - 5.5 Always
Chromium 95% AWQG (ug/L) - - 27.4 Always
Cobalt 95% AWQG (ug/L) - - 1 *
Nickel 95% AWQG (ug/L) - - 70 Always
Lead 95% AWQG (ug/L) - - 4.4 Always
Silver 95% AWQG (pg/L) - - 1.4 *
Mercury 95% AWQG (ug/L) - - 0.4 Always
Vanadium 95% AWQG (ug/L) - - 100 Always

For further information, please contact
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61 74976 9444
61 7 4976 9466

: 0414 585 389

Po Box 1267, GLADSTONE, QLD 4680
leanie@visionenvironment.com.au
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