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1. Executive Summary

1.1. Introduction

This report details the sampling that has taken place under Ree=f Rescue Marine
Monitoring Program:Terrestrial discharge into the Great Barrier Reef (project 3.7.2b) for
the 200940 sampling yearRiver pume sampling for this period focused on the Iyul
Burdekin, Mackay Whitsunday and FitzRiyers

River pume extents and concentrations were mapped using a combination of data and
techniques, including field sampling and remote sensed imagery. True colour imagery has
been used to develop a better derstanding of the extent of plume waters in relation to

weather and flow conditions.

1.2. Methods

Water sanpling occurred over fouregionsin the Great Barrier Reef (GBR)cludingthe
Wet Tropics, MackaWhitsunday Burdekin and Fitzroy. Plume samplingasried out on
small vessels, taking surface water samples from the mouth of the flooding river along a
north east transect away from the mouth. Depth samphmas carried ouusing acurrent-

temperaturedepth (CTD profiler with additionallight attenuaton (PAR measurements

The extent and concentrations of plume waters, coupled with exterisigituwater quality
sampling has been used to estimate the frequencyrieér plume exposure for inshore
biological systems within BR waters for the TullyBurdekin, Mackay Whitsundays and
Fitzroy marine areasin the 200940 wet season. This spatial assessment of plume
movement has used imagery available from aerial flyovers, true colour MODIS imagery and

the application of water quality algorithms.

Classifiation of water types within the plumes is ongoing, with identification of the water
types through a combination of true colour and spectral thresholds. The area and extent of
the water types, and characteristics of each water type have been used to develpp

which highlight areas that are most likely to exceled current Water Quality Guidelines for
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TSS and Ghl

Plume typology was further explored through the analysis of field datarambte sensing
imagery. Flood plume categorieswere definedbased uponthe concentration of water

guality parametersthat can bereadily derived from ocean colour remote sensing.
Plume types were classified using the following criteria:

(@ Primary water typesvere defined as having a high total suspended mineral (TSM)

load, minimal chlorophyll (Chl) and high coloured dissolved and organic matter (CDOM).

(i) Secondary water typewere defined as a region where CDOM is still high however,
the TSM has been reducebh this region, it was deemed that increased light and nutrient
availability prompted phytoplankton growtithus, the secondary plume exhibits high Chl,
high CDOM and \@ TSM.

(i)  Tertiary water types arg¢he zone of the plume that exhibmo elevated TSM and
reduced amounts of Chl ant@dDOMwhen compared with that of the secondary plunihis
zone can be described as being the transition between a secondary plume abde@m

conditions.

1.3. GBRwide results

Sampling of flood plumes @009/10 was carried out in marineceiving water®f the Tully,
Burdekin, Mackay Whitsunday and Fitzroy Rivers at a range of timings following peak flow.
The focus within thismonitoring is to capture the height of the peak flow within flood
plumes, but this is not always possible due to logistics and the increased demand to sample
as many catchments as possible in peak flow years. Sampling the peak flow lztbevs
characterization othe prnmary water types, i.e. the high TSS carrying waters in the lower
salinity ranges. However, it is the full extent of both secondary and tertiary water types,
with high nutrients, higher capacity for production and high CDOM, which has a much
greater influence over time and space. To capture this, the program has shifted focus
slightly to try to capture more events, at longer time periods after peak flow. This can be

seen in the data presented for Q0/10 sampling forthe Tully, Burdekin, Mackay

13]



Whitsundayand FitzroyRivers where sampling took place 1 to 21 days after the peak flow.
Note that flow volumes can still be elevated (above the median) for many days after the
peak flow wagneasured and can still delivergnificant volume of freshwater to the mae
environment. Concentrationsof water quality parameters that have been taken at later
stages in the hydrograplwill be reduced from the initial flush concentrations but still
substantially elevated compared to the long term ambient concentratidhe® prolonged
elevatedconcentrations of dissolved and particulate nutrients, CDOM, chlorophyll and TSS
contribute to higler annual concetrations of TSS and chlorophyll, drivir@uideline
exceedancef the long term annual meanRemote sensing images presed in this
program for the Burdekin, Fitzroy and Mackay Whitsundagions show areas of high green
colour, due to very high concentrations of @dnd CDOM over large areas over a period of
days to weeks after the largest flow eue supporting that tle measurenents of water
quality parameters stay elevated over a large part of the wet season, particularly for the

more episodic rivers such as the Tully River.
1.4. Regionakesults

1.4.1. River flow and event periods

The results for flood plum sampling in 20090 wet season are summarised below. For
each sampling location, information is presented on the flow characteristics of the dominant
river discharge (compared to long term median discharges) and a description of each of the
events sampled including the eveperiod, the peak flow, the number of days where the
flow exceeded the 95 percentile and the number of sampling days. Note that the event
periods are defined by any single day measurements being greater than theed&entile.

The mean concentrationsfdIN, chlorophyll and TSS sampled in each event are also

presented.

14|



Table i: Summary of flow characteristics for the four marineeasthat were sampled over
the 2009/10 sampling yearColour from green (low) to red (high) denotes the degree of

difference between the 2009/10 year to the long term median flow.

Flow characteristics Tully | Pioneer | Burdekin| Fitzroy
Long term river discharge median 3128458| 731441 | 5957450 | 2708440
Total Year discharge (ML) 3175298| 1319393 | 7857344 | 1068339
Differencebetween LT median and total yr discharg| 0.82 1.8 1.32
Wet season discharge (ML) 2261121| 1282060 | 7615441 | 10675175
Wet season flow as % of total year discharge 71% 97% 96% 99%

Table ii: Tully River 2009/10 flow and sampling measurements

Flowcharacteristics for Tully Rivé009/10

Event Start date | End date| No of days > | Peak flow (ML/day)
95" %ile
(30,000ML)

1 27/1/09 30/01/10 4 26774

2 14/3/10 16/3/10 3 27279

3 28/3/10 31/3/10 4 40698

4 5/4/10 8/4/10 4 35053

5 19/4/10 20/4/10 1 25976

6 25/4/10 26/4/10 1 31043

Details of sampling in the Tulfub-region for 2009/10

Sampling Date No of | Mean DIN Mean Chl | Mean TSS

event 2s | um) (glt) | (mglL)

1 29/12/09 |1 0.7 0.32 18.6

2 2/2/10 1 1.7 1.1 5.7

3 3/3/10 1 2.1 0.78 2.32

4 1/4/10 1 2.6 0.84 6.2

5 8/4/10 1 2.8 0.94 6.8

1 Note that the TullyRiver plumeavas also sampled outside of the main flow events,

including sampling o™ February 2010 and3™ March2010
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Table iii. Mackay Whitsunday regiorg Pioneer River 2009/10 flow and sampling

measurements

Flow characteristics for Mackay Whitsundagion2009/10

Event Start date | End date | No of days > | Peak flow]
95" %ile| (ML/day)
(15,000ML)

1 25/1/10 31/01/10 | 4 33120

2 12/2/10 | 1/3/10 3 40436

3 21/3/10 | 24/3/10 |4 66002

Details of sampling in the Mackay Whitsunday region for 2009/1(
Bvent Date No of | Mean DIN | Mean Chl | Mean TSS
s ) |mon) | (mon)

1 8/2/10 1 2.3 0.93 6.4

2 4/3/10 1 2.1 1.6 16.3

3 5/3/10 1 2.5 14 15.0

Table iv: Burdekin Rive2009/10 flow and sampling measurements

Flow characteristics for Burdekin River 2009/10

Event Start date | End date| No of days > | Peak flow
o5 %ile| (ML/day)
(88,000ML)

1 31/1/10 1/2/10 1 144874

2 1/2/10 2/2/10 2 111076

3 17/2/10 28/2/10 |12 281442

4 1/3/10 10/3/10 |9 154547

5 23/3/10 | 31/3/10 |1 326936

Details of sampling in the Burdekin region for 2009/10

Sampling| Date No of | Mean DIN | Mean Chl | Mean TSS

event s M) |mon) | (mon)

1 24/2/10 1 4.8 1.9 22.2

16



Table v: Fitzroy River 2009/10 flow arsdmpling measurements

Flow characteristics for Fitzroy River 2009/10
Event Start date | End No of days> | Peak flow (ML/day)
date 95" %ile
(48,000ML)

1 1/2/10 31/3/10 | 59 285066

Details of sampling in the Fitzroggion for 2009/10
Sampling Date No of | Mean DIN| Mean Chl | Mean TSS
event days lumy  |mom) | (o)
1 8/4/10 1 2.6 11 33
1 25/4/10 1 1.9 0.5 26.5

1.4.2. Water quality characteristics

Water quality measurements in plume waters across the GBR were variable over time and
space but did show consistemqtatterns over the salinity gradient. Dissolved inorganic
nitrogen reduced over the salinity gradient; however there was evidence of biological
processes in the middle salinity ranges and elevated concentrations at very low salinity
values indicating movenmt of elevated dissolved nutrients into the offshore waters. DIP
measurements in the Tully marine area showed increasing inorganic phosabaalinity
decreased, suggesting strong desorption movement of dissolved phosphate from the
particulate stage. Thassessment of priority pollutants from the Tully catchment may need
to be revised in the context of this higher DIP movement. Suspended solid concentrations
were higher in the Burdekin catchment, but settled out quickly over short spatial scales. In
contrast, suspended solids measured in the Tully marine area showed some reduction in the
lower salinities but a contrasting pattern of increasing concentrations at the higher salinities
was evident. This may indicate complex transformations with the movemesediment

type. The role and biprocessing of the available dissolved organic nitrogen needs to be
further explored. Chlorophyll concentrations were elevated in all plumes and reflect the
phytoplankton production which is linked to the availability afhti and higher nutrient
concentrations. The reduction and mixing processes of the three main pollutants along the
salinitygradient TSS, CH and DIN) are compared below (FigureRirther details on the

water quality parameters collected in the plumeatgrs are presented in the regional
17|



summaries within this report. In summary, water quality parameters reduce over the salinity
gradient, however there are distinct differences between the source concentrations
measured in the low salinity zones {® ppt) between the marine regionand the mixing
processes vary for each water quality parameter dependent on the physical and biological

properties for each parameter.

57 Chlorophyll measurments (2009/10)
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Figure i The mean concentrations of &l TSS and dissolved inorganic nitrogen (DIN)

measured across the salinity zones of measured plume water quality in the four regions.
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1.4.1. Spatial delineation of high exposure areas

This report documents a mapping process by which catchment loads and the frequency of
plume waters are combined to estimasn area of high exposure to plume waters. This
spatial assessment of plume movement has used imagery available from aerial flyovers, true
colour MODIS imagery and the application of water quality algorithms, combined with in
situ water quality data. Thestimated area of high exposure is measured across the GBR,
extending into the midshelf region. The numbers of reefs and seagrass beds which are

located within the high exposure areas are detailed for each Region in the table below.

Tablevi: Numbers of eosystems located within the high exposure areas as calculated by
spatial mapping of plume extent and catchment loadSote that only the high exposure

category is presented.

Frequency of exposure to elevated DIN concentrations
Exposure Seagrasses Reefs Seabed
_ category Area Area Area
Region Number | (Knf) Number | (Knf) (Kn)
Wet Tropics| High 40 173 33 173 2184
Burdekin High 66 552 37 20 5025
Mackay
Whitsunday| High 90 178 229 145 5052
Fitzoy High 0 0 0 0 0
Frequency of exposure to elevated TSS concentrations
E Seagrasses Reefs Seabed
Xposure
_ category Area Area Area
Region Number | (Knf) Number | (Knf) (Knf)
Wet Tropics| High 0 0 0 0 0
Burdekin High 66 552 37 20 5025
Mackay
Whitsunday| High 0 0 0 0 0
Fitzoy High 96 199 106 79 4453
Frequency of exposure to elevated PSII herbicide concentrations
E Seagrasses Reefs Seabed
Xposure
_ category Area Area Area
Region Number | (Knf) Number | (Knf) (Knf)
Wet Tropics| High 40 173 30 25 173
Burdekin High 0 0 0 0 0
Mackay
Whitsunday| High 93 196 264 172 6774
Fitzoy High 96 199 106 79 4453
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Using a combination of exposure mapping and the characterisation of plume water types,
we have also been able to extrapolate which areas are most likely to excedaluilelines
trigger valuedor TSS and Chl The summary table below identifies the number of reefs
and seagrass beds which are located in areas most likely to be impacted by anthropogenic
water quality, that is, the areas where the Guidelines are most likely to be exceeded. The
number of ecosystemiin the risk areas are reduced from the numbers within the exposure
areas reflecting the much larger area which has been ascribed to exposure but which we

have limited data to further define the risk areas.

Table ii: The number of ecosystems, includimgefs, seagrass beds and open coastal

waterbody that are found in the different probability classes.

TSS
Probability of Kt % of % Open
exceeding WQ Marine Marine | Coastal No. No.
guidelines for TSS| Park Park Waterbody Seagrassey Reefs
High 1,872.4 0.5% 6.6% 53 35
Medium-High 1,746.3 0.5% 4.6% 30 29
Medium 6,218.4 1.8% 11.6% 91 142
Low 108,575.2 31.2% 64.4% 255 1,415
Total 347,861.5 34.0% 100.0% 432 2,983
Chla
Probability of Kn? % of % Open
exceeding WQ Marine Marine | Coastal No. No.
guidelines for TSS| Park Park Waterbody Seagrassey Reefs
High 7,890.4 2.3% 26.3% 144 242
Medium-High 10,884.1 3.1% 8.0% 156 254
Medium 24,667.6 7.1% 30.0% 124 410
Low 74,970.1 21.6% 23.0% 63 817
Total 347,861.5 34.0% 87.3% 432 2,983

Ongoing integration betweem situplume sampling and evolving remote sensing mapping

techniques will allow more confidence in our ability to define water types and the maximum
concentrations that are likely to be found in these water types. From this information we
will continue to refineour understanding of spatial extent of high exposure and high risk

areas within GBR waters.
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From this work, we have been able to map out areas of high risk as shown below in Figure ii.
This is an example of areas at risk of exceeding water quaiitielines for TSS and &htor
the whole GBR.

1.5. Discussion

Sampling in the 2009/10 year took place in foegionsand shoved that the influence and
impact of the high flow events is continuous over the whole wet season. Previous work
(Devlin et al., 2001has identifiedthat the concentrationof pollutants measured in plume
waters arehigh and can influence longer term water quality concentrations, however this
work did focus more on the transport and transformation on the water quality parameters
over ashort time scale. Changes in the timing and frequency ofilh&tu plume sampling

has nowprovided a greater source of water quality data over various stages of the flow
hydrograph and a better understanding of transport processes over longer time frdmes
areas where flow can be continuous, such as the Wet Tragig®on the influence of
altered catchment water quality can be seen in higher concentrations of dissolved nutrients,
fine suspended sediment and &hl This year was also significant in terof high flows for

the southern catchmentsparticularlyfor the Fitzroy River where the daily flow measured
above the 98 percentile for59 days. This was seen in the elevated concentrations of

dissolve nutrients and Glal measured up to three weeks aftthe peak flow event.

Collection ofin situ water quality data across different flow scenarios builds into the existing
database of plume water quality data and allofes modellingof concentration and flow
measurements from different catchments. Mairesituplume data also allowkr validation

of the spatial measurements of water tgp and the identification dfigh risk areas.
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Figure ii. Final outputs of the spatial mapping of plume frequency and characterisation of
water types show areas of high risk for T&siidelineexceedances are locatedearshore
between the Mackay Whitsunday and Fitzroyregions and for Chia Guideline
exceedances, the area is over a much smaller geographical area atbegMackay

Whitsundays and Wet Tropiaggions

22



2. Introduction

2.1. Terrestrial runoff to GBR

The Reef Rescue Marine Monitoring Program (herein referred to as the MMP) undertaken in
the Great Baier Reef (GBR) lagoon assesses the-teng effectiveness of the Australian

and Queensland Governmeat Reef Water Quality Protection Plan atite Australian
GovernmentReef Rescuaitiative. The MMP was established in 2005 to help assess the
longterm status and health of GBR ecosystems and is a critical component in the
assessment of regional water quality as land management practices are improved across
GBR catchments. The program forms an integral part of the Reef Plan Paddock to Reef
Integrated Moritoring, Modelling and Reporting Program supported through Reef Plan and

Reef Rescue initiatives.

Water quality in the GBR is influenced by an array of factors includingbkset runoff and
river flow, point source pollution, and extreme weather comatis. Monitoring the impacts

of terrestrial discharge into the GBR is undertaken within the flood plume monitoring
program, which targets the sampling and understanding of the high flow events which input
large volumes of terrestrially sourcqmbllutants throughriver dischargeResults presented

in this report summarise the floodata collected over the 20020 wet season. To further

the understanding othe extent and frequency of plume waters, remote sensing methods

were also incorporated into thBood monitoring and will be reported for the whole of GBR.

Because of the large size of the GB&ine Park(350,000km?), the shortterm nature and
variability (hours to weeks) of runoff events and the often difficult weather conditions
associated with floodsit is very difficult and expensive to launch and coordinate
comprehensive runoff plume water quality sampling campaigns across a large section of the
GBR(Devlin et al., 2001; Furnas, 200%5p counter this variability, thigroject runs amulti-
prongedassessment of the exposure s¢lectedGBR inshore resto material transported

into the lagoon from GBR Catchmenters.Plume water quality data is measd through a
combination ofin situ water quality measurements taken at peak and post flow coodgi

in targeted catchmets throughout the wet season. Rivetume extent, frequency and

duration are measured through the use of remote sensing products.
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2.2. Mapping of plume waters

Since the commencement of the MMP, significant investment fraithin the program has
supported the development of remote sensingiethods as a monitoring tool for water
quality (chlorophyll, CDOM,SBand light attenuation) in the GBRField based mapping of
flood plume extent and concentrations is relatively accurate, though can be constrained by
costs and logistics. It is difficult to employ boats and in situ sampling for the duration of the
plumes, specifically the larger dry tropipkimes which may last for several weeks. There
are also issues in being able to identify the visible plume extent when the plume water type
is related to the nutrient enriched waters driving elevated chlorophyll concentrations. A
combination of field and aellite image mapping is suggested as an alternative as flood
plumes have been mapped successfully from remote sensed data in number of different
coastal environments around the world. Remote sensing is moreaftesttive and more
informative for a varigy of detection, monitoring and processes understanding taskese
improvements have enhanced the confidence in remote sensing estimates and it is intended
that remote sensing may soon be a primary tool for detecting broad scale changes in GBR

water quailty.

Recent advances in the use of remote sensing algorithms, including the use of regionally
parameterised algorithms has allowed a much greater area of the inshore GBR to be
monitored by remote sensing and added data value to the program by incredseng t

frequency of available measurements during periods that can be limiting for vessel sampling

due to adverse weather conditions.

Thetechniquesused in remote sensingnd their resulting products evolved in complexity
with time, from basic aerial photogphy in combination with ksitu monitoring to the

application of advanced regional parameterized ocean colour algori{rig2.1)
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Figure2-1: The evolution of remote sensed imagery in the mapping anbnitoring of
plume waters in the Great Barrier Reef.

Aerial and remote sensing surveys in other marine waters (Andrefouet et al., 26@8,bin

et al., 2008; Paris and Chérup008 Soto et al., 200Pand the GBR (Devlin et al., 2001;
Devlin and Brdie, 2005, Brodie et al., 2010) have been useful in the determination of areas
of marine coastal ecosystems subject to exposure to river flood pluflesnes can be
mapped and their intersection with ecosystems visually assessed. Water samples collected
from within the plume can be analysed for the contaminants of concern (Devlin et al., 2001)
and estimates of the length of exposure and concentrations experienced by biological

systems can be assessed

At present there exists uncertainty of the extent of tsgort and potential influence of

catchmentderived contaminants in the GBR system. Previous studies of flood plumes and

coastal sediment transport off the Burdekin River (Wolanski and van Senden, 1983;
25|



McCullah et al., 2003Devlin et al., 2001; Orpin at., 2004), the Wet Traps rivers (Devlin

et al., 2001 Devlin and Brodie, 2005) and the Fitzroy River (Brodie and Mitchell, 1992;
Devlinand Brodie, 2005Devlin and Schaffelke, 200Bave revealed exposure of inshore
ecosystems including coral reefsich seagrass to a range of nutrients associated with
dissolved and fine particulate fractions of the river load. The use of remote sensed imagery
allows us to identify areas of risk in the Great Barrier Reef. Knowledge of high exposure
areas will be usefuh the links between catchment characteristics and reef healtbdiret

al.,, 2008a; 2008b), andavill link in with the currentMMP to provide an invaluable

monitoring technique for the assessment of water quality and reef health in GBR waters.

Our understanding of impact relates to our understanding of the links between exposure
and impacts. Recent work on the mapping and modelling of plume exposure is a key link to
identifying where the terrestrial influence extends to and how frequently an ecesyshay

see altered water quality conditions (Devlin and Brodie, 2005, Devlin and Scha2@lié;
Maughan and Brodie, 2009). The monitoring and measurement of riverine plumes now uses
the combined information from aerial imagery, remote sensing imaged/ \water quality
O2yOSYy (NI} A2ya RdzZNAYy 3 KA 3IK hightedpasursSt@iuyhésa A i 2
the GBR marine area. Devlin and Schaffelke, 2009 were able to identify the areas at risk
adjacent to the TuliMurray catchments with a modelled @®ate of the frequency at
which inshore reefs and seagrass beds would see plume wéggs2.2) Maughan and
Brodie, 2009 built on previous work (Maughan et 2D08 Devlinand Brodie 2005 and

used simple spatial calculations based on plume movenwithment characteristics, flow
intensity and proximity of the inshore ecosystems to model thgh risk areas in GBR
waters (Maughan et al2008; Maughan and Brodi€009) This workpresened a simple

reef exposure model to visualise current contaminastposure to reefs and future

management optiongMaughan and Brodie, 20Q9)

Another new approach to map the extent of freshwater discharge to the GBR is currently
under development by using only the regional parameterized CDOM product applied to
MODIS d&a as a surrogate for low salinity waters. A maximum CDOM absorption map is
generated from January to March of each year through aggregation of daily CDOM imagery.

By applying a CDOM eaff threshold, previously defined from linear regression obitu
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(DOM and salinity measurements, freshwater extent can be mapped as illustrakegliie
2.3. Ongoing work on the relationship between CDOM and salinity will be useful in the

further validation of this mapping method.
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Figure2-2: Plume exposure map for the TulMurray marine area. Exposure is calculated
along a high to low gradient, where high exposure relates to a higher frequency of plume
intersections
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Figure2-3: Great Barrier Reef subdivided into five management regions (left). Maximum
CDOM absorption from regional parameterized ocean colour algorithm mapped for the
period January to March 2008 (centre). Freshwater plume extent meg by applying a
CDOM threshold derived from linear regression of -situ CDOM and salinity
measurements.

An estimate of the exposure of individual reefs to various contaminaats providethe

basis of arisk assessment of GBR condition from water dyainfluences. Mapping of

AL GAFET RAFFSNBYyOSa Ay gFGSNI ljdzZt AGe O2y OSyi
very clearly a strong gradient of change north to south and inshore to offshorking the

movement of flood plumes and impacted watguality to reef exposure has been useful in
identifying the reefs at risk from contaminants (Devlin et al., 2005; Maughan et al., 2008).

This work led to a Reef Exposure model, where é&xposure criterion would factor
parameters such as the proximity ohd reef to the source of the contaminant, the

likelihood and frequency of exposure of the reef to river plumes, and the amount of
contaminant within the plumes at a range of distan¢btaughan et al., 2008)The model

provides a relatively simple way of mbining contaminant load estimates, river flow and
28|



























































































































































































































































































































