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i. Introduction
Thse pwposse of the IMR investigation of the new Treasure
Isiand sewerage scheme was to assess the following conditions as

"

2t down  in the letter of the Central Hoard of Health (Appendix
1) to Harrigon and Grierson Consultants Ltd of the 15 October
— e

i3 that an appropriate test be carried out for a period of
‘twelve months by the Developers to determine any adverse
affects from the discharge of the raw sewage after
maeceration. The test to be carried out at an interval of
Lo (23 wesiis
1i) that there should be no discoloration of sea waters
ii¥! thast the bacterial standard of the sea, swimming and
| snorkelling area to contorm with the WHD standards '
iv) that there are no physical or visible pollutions or nuisance
V) thaf there s=should ba .nD’ discharge 04' grease with the
CDﬁtEﬂtEu ;
vi} that there are no destruction of marine ecosystems and biota
Studies examining the effects of sewage effluent on
receiving waters'close to outfall sites have proliferated greatly
in recent times. Large numbers of these have been-carried out in
temperate waters lookimg for evidence of eutrophication or
ecological change [e.g. Turner (1943), Bellan (1970), HcIﬁtyre
andg Johnson (1974) 1. ’

fis noted by Russo (1980) sewage outfalls  present special
problems in investigation both in the field survey techniques
usig and in data interpretation. This is even more true when

coral

oncerned due to our lack of knowledge of natural

on resfs to small elevations in nutrient
concentrations. 0f particular wuse in Fiji are the extensive
studies carried out in Hawaii over the last 20 years and

published in the ' Water Resources Research Centre of the
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versity of Hawaii Technical Report series I[e.g. Cox et al

6;;, Russo (1980, Yaung =t. al. (12747) 1.

in response  to Central Board of Health cbnditions tﬁe
Sti£utg submitted a monitoring proposal (Appendix 2) which
ggested that the tweive month wmonitoring period run from
avember - 1784 until November 1985. Unfortunately after the first
vgeline samnpling in  Movember 1984 Cyclones Eric and Nigel
grely damaged the Treasure Island resort and the resort was
ubsegquently closed antil July 1985. Thus the sampling period

iss postponaed to include August 1985 until guly 1984.

The initial wmonitoring proposal envisaged seven monitoring
:gmple collectionzs withh IMNR staff responsible for the First two
ngd - thereafter Treasure Island Management and INR alternating
ses Appandix 2). However in the event the Treasure Island

ahagem&nt had difficulty in organizing sample collection and INR

.

ey Samples were collected and assessments made on the following
:ates 14 HNovember 1984; 12 April 1985; 17 August 1985; 18
‘Geptember 19895; 21 October 1985; 4 February 19863 23 April 1984;
7 July 1984. '

~
.

2, Location, Sampling Sites, Analytical Farameters

Treasure Island (Elevuka) is a small sand cay situated 10 km
 ;0{¥ Vuda . Foint in Nadi @ Bay (Fngre 15. The resort has
- approximately 60 bures and can thus accommodate almost 200 guests

although the normal number present at  any one time 1is
s considerably less than this. | Up until 1985 the sewerage syétem
relied on a septic transpiration system but this gave.
cansiderable problems including ije:tionable odours, flies and
the possibility of excess algal growth in the shallow oftfshore
areas. The new Syste& collects the sewage centrally, macerates

it and discharges it through a 1 km long pipe into deep water (40
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@) bayond the reef on the eastern side of the island (Figure 2),

at the =nd of the pipe is a multiple arm diffuser.

Saven water sampling sites were chosen and these are shown
by their number in Figure Z. Site 1 was situated at the
discharge point. One sample was collected at the surface C1(a)]
and one at 15 metres depth [1(b)l. Site 2 was hglfway between
the Site 1 and the reef edge. A surface sample [2(a)]l and one’
from 12 m depth [2(b)] were collected. Site 3 was where the pipe
intersected the reef edge. 0Only surface samples were collected
from sites 3 to 7. Site 4, 35, 6 and 7 were spaced around the
edge ot the island in one metre depth water. 68ite 4-was in front
of Vila 9, Site S where the pipe leaves the beach, Site 6 in
front of VYila 85 and Site 7 in front of the diving egquipment hire
hut. - - Visual inspections for water discoloration and grease were
made all around the istand, 1in the area around the discharge
point and between there and the island. Biota sSurveys were

conducted on a marked transect on the reef hetween Sites 3 and 5.

The water guality parameters measured at each site are
summarized in Table 1.
SITE PARAMETERS
1 Total coliform (TC) , faecal . coliform (FC),
Turbidity (Secchi Disc?
2 Total coliform,; faecal colitorm, Turbidity
4 Totel coliform, fascal coliiform, nitrate (MOs7),
ammonia (NH=), orthophosphate (FO.=7)
4 Total coliform, faecal coliform, nitrate, ammonia,
orthophosphate
5 Total coliform, faecal coliform, nitrate, ammonia,

orthophosphate

& Total coliform, faecal coliform, nitrate, ammonia,
orthophosphate
7 Total goliformy, faecal coliform, nitrate, ammonia,

orthophosphate



(3) Surface

Vila 55

i /te)

(4) « OVila 9

Snorkel

Hire Hut < A7)

FIGURE 2.

Outfall
(1)

> (2) 2a - surface
2b -~ 12m deep

SAMPLING SITES ‘s



the reet transect standard methods were used to

‘health of the reet . These inclused measurements of

diversity and cover, surveys of other invertebrates
and algae and counts of +fish types. A number of dye release
gxpEriments were alsu carried out to estimate the extent and

direction of the sewage plume after release.

3. Methods

For tatal coliform, faecal coliforms, nitrate, ammonia and
i,Drtthhasphate American Fublic Health Association standard
v msthods were used (AFHA, 1980). Turbidity (clarity) was measured
] with a Becchi disc. For coliform tests samples were collected in
f:sterile bottles, glass for surface samhlés and metal for the deep
ﬁisaﬁbies. The deep samples were collected using SCUEA equipment
{badd depth measured using a Etandaﬁd diving depth gauge. All
ibsampiea were chilled to 4°C and analysed within 24 hours of
 collection. |

Biota surveys were daone using the methods of Dahl (UNEF,
f,1984) using SCUBA eguipment and divers trained in identification
. of tawonomic groups. Some use was also - made of the methods

~develdgpad by the Australian Great Barrier Reef Marine Park

cOAuthority and UNESCO (GERMFA, 19783 Stoddsard % Johannes, 1978).

Fhotographs of coral heads along the chosen transect near

the pipeline are includead.

The rezults of water guality tests are summarized in Table
2. The coliform counts are given as single +figures without
confidence ranges but these can be estimated. The limits of
detection of the methods used were 10 yg/1 for nitrate, 20 ug/1

for ammonia and 18 wg/l for orthophosphates
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The results of the biota surveys are summarized in Tables 3,
o 5. Fhatagraphs showing coral heads along the survey transect

are shown in Figures 2, 4, 5 and b.

3. Discussion
5.1 Bacterial levels. In general these were uniformly low
aind  in  JFact -the only =signitficant elevated level

occuryred at site £ in April, 1985 i.e. before the new
plant was in use. In all cases the levels meet
intaernational standards for swimming beaches e.g. US
Faederal Watzr Follution Control Administration "The

Faecal Co

ot

iform contentlmf ﬁrimary contact recreational
waters ehall not exceegd a log’ mean of 200/100 ml nor
shall more than 10% of total samples during any 30 day
period exosed 4007100 mi." . There are very few other
rasults from Fijian coastal waters %dr comparison but =&
for lsolated measurements have been mads by IMR  at the
Suva Folnt beach {(i.e. near Beach Road). These have
sroasionalily shown fzecsl coliform levels of greater

than Z00 per 100 ml.

L
]

Nutrient leveis. o ény real predictions of long termn
effects of nutrients on the re2t the data set i1s very
limited in numbers of samples, geagréphic area and time
épan. Fiowever y, these limitations could not be overcome
without a complete study of the.Nadi Eay area continued
over a number Df years and this of course was not
possible for the present project. The other difficulty
faced in interpreting the nutrient data is the almost
camplete lack of similar data from any ather coastal
area in Fiji. Thus we are 4fDFCEd to use data from,
othei, hopefully similar, tropical areas af the worild.
I particular comparizon with the Kaneohe Bay area of
O0'ahu in the ctate of Hawaii was made. In Kaneohe Bay

extensive studiss have been made (Cox et al., 12&6%9;



TABLE

3

CORAL REEF MONITORING DATA SHEET

Circle number 1 2 ‘ . '
Location on reef See Fig. 2 See Fig. 2
Water depth 1-3 m 6~8 m

Sediment ypple . .

Livehard coral ..........
Soft corals and sponges ...

[3:1; 1«

R S R S TR SR E)

\—5%=1

31-50% =3

S115% 4

76—100%=5 |

Dead standing coral .

Crustose corallines

= 2

branching ........ ;} g X 3 X 2

staghorn .. .. x X 2 X 2

MasSIVe .+ v ovunn.. 22 1 x X 3 X X 3

Hard encrusting . ..... %’ X 2 X 2

corals tabulate/flat . .... . X "2

erect foliose 5? X 2 X 2
cup-shaped .......<L..

~ mushroom ........ D 4"“‘)‘(‘“ , 1 X 1

L5 LU RaT BT RS B R DIIRRT, 3

Softcoral  massive ......... 3.} x 2 X 2

and 5?32205 fans ?nd whips ... ‘\V X - 2
thick turf ......., ssu,

long filaments ... & b x 1 X 1

large browns ..... $ .

Plants halimeda ........ A, X 1

- other fleshy ........ g £ ox 1 X 1
sea grass T M

Other starfish

Urching .............

Synaptids ..... Ceereenee. *&/
Other holothurians ....... . &P
Acanthaster ..... e . N




TABLE 4

CORAL REEF MONITORING DATA SHEET

J . Brodie B

: l-" Recorder

Circle number 1
Location on reef See Fig. 2 See Fig. 2 :
Water depth 1-3 m 6-8 m

JBa A 2ot
FISH COUNTS (100 metre line) B2
YR, LAV 3 L PR S S LA & A
Predators . ... o
Butterfly fish ....ooveen... <H ... . 11

=0 1-5%=1 6~30%=2 31-50%=3 51-75%=4 76-~100%=5

0 0
: sand c.oevennnn.. e 1 3
Sediment  rypple ... e 1 0
blocks ............... , 5 3
leehardcoral .....
Soft corals and sponges ....... eeenn 3 1
Dead standing coral ......c000eiinns 3 2
Crustose corallines ........ ceserenee 1 1
Mnne plants ..o ] 0 ,‘ )
| s st e —— S—— - —
QSlzecoder fist = 1 e Or A = 2 irS02N = 3 §
PRES | DOM | SIZE § PRES DOM SIZE PRES DOM SIZE
branching ........ :&“ . X 3 X 2 ‘ :
staghorn ........ . X 2 X 2
massive .. ....... 20 X X 3 X X 3
Mard encrusting . ..... m X 2 X 2
corals tabulate/flat .. ... . X 2
erect foliose .. ... .9Y.. X 2 X 2
cup-shaped ....... ..
- __mushroom ' 1 X
Softcoral massive ......... S7..} x | 2 X
and sponges fans and whips '\)’) - .
thnckturf B
long filaments & X 1 X 1
large browns . .. 3&‘
Plants halimeda ........ y X 1
other fleshy ........ g' . X 1 X 1
Seagrass .......... M

R
COUNTS OF ANIMALS
T T

‘Mushroom coral ...... ... &%, 1 0
Glant clams ..... e . Q 0
Synaptids...............?.e&/..‘. 1 0
Other holothurians «......... <, . 2 1
Acanthaster ............... R 0 Q
Other starfish vvvvvvinnnn... %’ - 4 2
Urching .. vvvvvvnvnnenenss e, . 8 8
Trochus . .ovvvidinneinnns. a. . 1 0

VISIBLE POLLUTION (spemfy/count) Bldg Materlal Bldg . Material : B
VNN e B 3 N S A T R R R R L AS  S San )Pt 8 gl e

OTHER NOTES

meymi‘ﬂ‘)k'i‘}{ﬂ TN 10, A S S O A R T T B A R S A
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rt
ol

Site

TABLE 5 — Coral Types

Forites lutea
Forites rus
Dipigastra heliogpara
Tubipara musica
Millipora latifolia
Millipora platyphyllia
Turbinaria sp.
Acrapora (hebes 7)
Momtipora sp.
Forcilopora damacornls
4 Acropora sp.
Focilopora sp.

2 Galaxia sp.

Forites lutea

S Acropara sp.
Focilopora damacornis

Seriatopora hystrix

Fsamacora sp.

Farites cylindrica
Goniopora sp.
Turbinaria reniformis
Mycedium elephantatus
ficragpora {(granulasa 7)

Acropora (delicatula 7)

Identified

11,
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Young et. al., 197&) of sewage inputs and their effects
on the Bay ecosystem including the extensive coral
reets. The principal studies were carried out in
1967/68 and 1975 and a large data set of nutrient
values are available. In general the following
comments can be made on the Treasure Island results
compared to those +rom Kkaneohe Bay. Orthophosphate
levels in the early discharge period (August - (October,
1985) were relatively high, although not as high as
normally found in Kaneohe Bay but declined considerably
in 1984. Nitrate and ammonia levels were uniformly low
throughout the sampling period, often far lower than
those found in Kaneohe Bay. Both the bacterial and
nutrient data support the conclusions of the dye
release experiments and wvisual diving evidence i.e.
that wide dispersion of the sewage plume occurs before

the plume reaches near surface waters.

Water Clarity. Water clarity remained good at sites 1
and 2 with no increase in turbidity a+ter the discharge

commenced.

Grease and Solids. Visual inspection of the
circumference of the island during each sampling period

showed niz evidence of grease balls or sewage solids.

Dye Release Experiment. Dn the two occasions when dye
was released throwgh the maceration plant (18 August,
i?85% arng 21 UOctober, 1285 when the system was
pumping) the dye did not form a visible patch at the
surtace within two hours of release. The dye . appeared
to have moved out horizontally from the pipe end and to
have spread aover such a large area that eventually on

reaching surfacs waters was so diluted as to be not

visible.
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5.6 Reef Baseline. The results in Tables 3, 4 & 5 gre
-essentially baseline results for future reference. The
sites have been marked with steel pegs and could be
resurveyed for possible long term reef deterioration.

6. Conclusion

From the results of the monitoring of the Treasure Island
sewerage system there appears to be no threat to public health or
immediate threat to the island fringing reets from the discharge.
The more subtle long term effects of increased nutrient levels on
the reef system cannct be predicted +from the results but will

require long term inspection by the resort operators.
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APPENDIX I 15

THE MINISTRY OF HEALTH 5 SCCIAL (UELFARE
ODVERNMEMPCTUILD INGS DT .

Yi5033 suva, FiJl F—‘i‘g’:’.- Inairance Bldg/.’. ner. wo. o M0, 12/1473
P.0. Box 30 Suva.

oate 75 Octoben 798

Measns thinsiison & Galerson Consuldtants [imited
6 Goodenough Sirneed
SUVA.

Dear Sia

TREASURE ISLAND RESORT
NISPOSAL OF SEWERAGE

Youn letten JOF/vb/3709 of 26th Septemben 1984 s acknowledged with
appaeciaiion.

Subaequent Lo Hon. Ma. 0.8, Costello the owners ol the Developments and
Na. Jim Finlay the Consuliing &ngineen's representation in the meeling
ol Cenitral Boand of Health at the Ministry'as Conference room on
Seplemben 198%,1he Board neviewed ils eardien decision on the subject
and had decided 2o allow the proposal of macerated raw sewage diacharge
Lrom the Treasurne Jsland Resont 2o sea. The decision was taken in view
of the assunance of the nepresentation and its lettern JOF/vb/379 of 26th
Septemben 1984 of which both had advocated that (1) no problems will
arise and (b) a tlal period be invoke with a view to carry-out Lesd:

in ondei 2o ascertain the suitability of the proposal.

The Board in granting peamisasion to discharge macerated raw sewage 2o
gea imposes the following conditionas:

(1) that this 14 a provisional approval for a period of twelve (12)
monthu.
(2) . that an appropriate esl be carnied out fon a peaiod of dve

montha by the Developers Lo deteamine any adverse effecis fLaom
Lhe discharge of the raw sewage aften maceration. The Lest Lo
be caraied out al an nleavald of two (2] weekas.

(3] 1hat the discharge points 2o be located at the distance of one
(1) Km trom the Jaland and also Lo be sufficient distance from
the neef.

(4) that there should be no discoloration of 4ea watens.

(5) the bacterial standand of the sea, swimming and snorkding

area Lo confoam with Lthe W. /.0, standards.

COVT =. .21/
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(6] thatl thene ane no physical on visible pollutions or nuisance,
(7] that Uere should be no discharge of grease with the contents.
(3) thud thene are no distruclion of Marine ecosystems and biola.
() that test to be cannied out are Lo be deteamined by the Ministay

of Nealth and Social Weltare on its Conaullantas.

(10) Qat 1he Developens are to pay wdd cost periuiiing Lo Uwe Zedd

and relaled mattlenas.

The meeling aeallinm that the Board's Lletien MD.17/18/7 of 25th July

1984 would become applicable should the conditions of approvel have not
been complied wilh in enyway and in uneqluLvocal. Leams neganded the
proposal peamidaion as an {sodaled case and is zestricted to the Treasure

Jadand ondy.

Youns Laithfully.
//

fth«,- 3y u..t_»u.u-.(

e l/u/lL }(), ) Of //C/ILT//

C‘ CO
tion fa. O0.08. Costelldo

Jsdand in the Sun (Fifdl Q/wup

P.0. Box 36%
LAUTORA,

The Secaetany
Lauloka Rurad Locald Authoaily

The Dinecton ;
Town & Country Planning

A von,

pe tn

LRDL
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APPBENDIX 2
PROPOSAT, FOR MONTTORING  SEWAGE DTSPOSAL,

AT TREASURE TSLAND

In response to the request of Mr Jim Finlay of Harrison & Grierson ,
Ltd. and in accordance with discussions between Mr Finlay, Mr Hasrat
Ali of the Ministry of Health and Social Welfare and Mr Jon Brodie
of U;c .Tnstiﬁute of Natural Resources (INR): USP on 18 October, 1984
INR proposcs the following monitoring scheme for the new Treasure
Island: sewerage system. The moniéor‘ing scheme aims to satisfy the
conditions laid down by the Central Board of Health in .tﬁeir' letter

of 15 Gctober to Harrison & Grierson.

1. Samping Frequency and Responsibility:

Sampling will occur every two weeks for the first three months
ol operation, the f'ir's‘t sampling period being before discharge
cmim‘:néés. There will be thus seven sampling pér'iods in the
Tirst three months. INR wili be responsible for the first two
sampling periods, the Treasure Island Management (TIM) for the
. third and alternatively after that. Thus responsibility wiil

be as follows:

Sampling Period ﬁesponsibi],j.ty
' - INR | .
2 | INR . ( : -
3 . TIM « 7o~ a(:).&a..-« %@ﬁ,‘ﬁ,
* | . INR ‘
° : TIM ¢
° INR L
? TIM 2

During the Tirst sampling period underwater photographs of the
<li:4c:h:‘n"_c{e.s.i.t:o. and sgrr‘ounding arcas will be recorded. Thesc

can provide a baseline  record in future assessments. Safnpling
frequency and responsibility for the remaining months of the

trial period will be reviewed in consultation with the Céntral
jonrd of Health and Harrison & Grierson alter the initial three

months of monitoring.
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TREASURE, ISLAND SEWERAGE SCHEME MONITORING

ORGANIZATTIONAL ARRANGEMENTS ' ;

1.

The Tirst sampling period will require two days and INR will
supply an underwater photographer but will not chaﬁge a fee

Tor his services (except for film, developing and printing

césts, scuba. air reFills}'etc.). Thus éransportvand accommodation

costs for two pecople will be mefsby TIM.

IFor sampling pcriods 2, 4, 6 one person for one day will be
neccessary.  TIM will provide transport. (Suva - Treasure’ Island -
Suva) and use of a small boat to work from. It would ease
transport problems if Scuba tanks could be provided at Treasure
Island if these are available.

For_sampling:beriods 3,'5, 7 the samples must be collected by
TIM and 'delivered to the INR laboratory on the same dhy.

* Seamples should normally be analysed with six hours of collection

but up to 24 hours can be tolerated.: Details of sampling

methods will be provided during the first sampling period.

COSTING

This will depend somewhat on the number of samples collected and

number of parameters measuréd but the following gives an approximate

"breakdown.
Sample Period 1 : = Consultant Time $320.00
: _ ‘Photographic costs $ 80.00
: 8 Total coliform samples $ 80.00
8 Faecal coliform samples $ 80.00
5 Nutrient samples $ 60.00
Mcals (if not supplied) $100.00
Report: preparation $ 10.00
$730.00
Sample Period 2 ' Consultant time . " $160.00
: : 8 Total coliform samples . $ 80.00
8 Faeccal coliform samples $ 80.00
5 Nutrient samples $ 60.00
Meals ' $ 12.00
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Sample Period 3 @ 8 lFaecal colitorm samples $ 80.00
Sample Period 4 Consultant time o $160.00
8 Faecal coliform samples $ 80.00
5 Nutrient samples $ 60.00
Meals ' ‘ : $ 12.00

¢
: v $312.00

The ranéining sample . periods will be as for periods:3 and 4. * Over
three months fhe cost will be approximately $2,000 plus transport

and accommocdation costs.

.(Ehréﬁ;”fb

o Brodie .
INSTITUTE OF NATURAL RESOURCES
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MARKED TRANSECT



