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PREFACE

Sixteen years ago the United t{ations Conference on the Htman Environmnt (Stockholm 5-15 June

l9t2) adopted the Action Plen for the Hrman Envirornpnt, including the General Principles for

Assessapnt and Contr^ol of tlarine p"iftti""' In the light of the -results 
of the Stoclholm

conference, the united ttations c"""""1- issemrv oecio]J to establ ish the united lhtions

Envirormnt progrrnE (txrEp) to "serv€ as a focal point roienvirorncntal action and cr-ordinetion

rithin the united lfations systar. lGenerar Asser.ry resolution 2997(xxvtt) of 15 lhceirber l9r2]'

The organizations oi tt" UiiteA lations systen rere invited "to adopt the r:asures th't my be

required to undertake concerted and co+rdinated progrerms rith -regerd 
to international

envirornpntal problenrs', and the 'intergoverrmnt'l a-nC rion-gOvernmntal organizations that have

an interest in the field of the enviro-mnt'rere atso inviied'to lend their full support arrd

collaboration to the tnited llations lith a vian to actrieving the largest possible degree of

co_operation and co-ordination". suur.qir"nirv, irt*- co""rning council of tllEP chose 'qcelni' rs one

of the priority areas in $ich it rouid fo.u, efforts to iulfill its cetalytic and co+rdinating

rol e.

Ihe Regional Seas Pr"ogranrr ras initjated by llllEP in 1974' Since then the Governing Council of

II{EP has repeate<tly endorsed a regional approech to the control of marine pollution and the

manags*nt of maririe and coasta'l nesources and has requested the devclofrnnt of regional action

pl ans.

The Regional seas Progrm et Present includes ten regions-v and has over 120 coestel states

participeting in it. t-t is conceived as an action+"ient]eO pr€grilm having concern not only for

the consequences but also for the c'uses of envirornpntal degradatiOn and enodtprsslng a

corprehensive approach to ccnoating envirnormnt:l problenr through the menagamnt of nrine and

coastal areas. Each regional action pi." it fonm-iated accordini 19 the needs of the region as

perceived by the Goverrmnts concerned. It is designed to link essesgtpnt of the quality of the

marine envirurnent and the causes oi-it, detcriorltion- riti ectivities for the manegen:nt and

developrnnt of the marine end coastal envircnnnt' Ihe action plans prqmte the perallel

develotrnent of resionat tesal agreem;;;J;i"ition-orie;iJ;'ts";*' rctivities?/'

rhe idea for a regional south pacific Envirornnnt ianag€nEnt Prograrm cm fron the so{th Prcific

Cmnrission (SpC) in l9l{. Gonsultations betreen SpC anO UfiP l;, in 1915, to the sugflpstion of

organizing a South Pacific Gonference on the Hman Environrpnt' The sorth Pacific Eureau for

EconqnicCo+peration(sPEC)andtheEconqnicandsociatCqrnissionforAsiaendthePecific
(ESC p) soon joined SFG's initiative and tftlEP supported the develoFpnt of rdut becar: knorn as

the South pecific Rcaional Envirormnt p.og."t* tiingpt as part of its Regional Seas Progrm:'

-t -

lhditerranean, Kurait Action Plan Region, llest and Central Africa' tlider Clrib'been' Eest

Asian Seas, South-East Pacific, South pacific, Red Sea and Gulf of lden' Eestern Africr and

South Asian Seas.

uilEp: Achiey6Ents and pltnned developnt of tllEP's Regional seas Progrrrm and corpenble

progriilnps sponsored by other bodies. tlllEP Regionrl Seas Reports and studies tlo' l' tLEP'

1982.

t/

2/
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An Action Plan for the South Pacific Regional Environrcnt Progrur: (SPREP) ras adopted at the
Gonference on Hrnrn Enyirorrent in the South Pacific at Rarotonga, S-ll llarch 1982, and rrs
endorsed seven rpnths later at th€ South Pacific Conference and South Pacific forunil.

Ihis docurcnt has been prepared by lh. P. Gangaiyr and tlessrs. J.E. Brodie rtd R.J. tbrrison
(lnstitute of llatural Resources, University of the South Pacific, SuYl, Fiiil rs r contribution to
the South Prcific Regional Envircmpnt Progrilrr. Tlre sponsors of the study rculd like to erPness

their gratitude to the authors and the University of the South Pacific-

Y SFC/SP€C/ESGIF4ilEP: lction Plan for mrnaging the naturrl rerources ard envirornnnt in the
South Paclfic Rcgion. ttEP Regional Seas Rcports and Studies b. 29, tllEP, 19f,1.
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EXECUIIYE SIIIIARY

In 1983 the Fiji pine cormission and British Petroleun south-tlest paliric in a joint renture

dccidcd to construct a nood processing plant et Drasa, llestern Yiti LeYu' to deal Iith thc

substential pine rcod being produced in nearby trcas- The major rater systen in the rea is the

Yitogo River and it ras thireforc dccided in l9&4 to carry oui a baseline study of this rivcr attd

the rssociated environrunt to provide data for the assessnent of the inpact of the comtruction

and operation of thc proccssing plant. 
-irr. 

,,nin objcctivc ras to establish baclgrognd lerels for

those enviromrntal paran:ters rhich rppcared to bc mst vulncrable to thc effccts of thc plant

operation. Ihese included the generel rrter quality of the river and the associated cstuatl' thc

heavy mtal status of scOinrnts end strct t ii sh lror the trca and th€ cxtcnt of bactcri al

contaninetion of the rater rnd shellfish (Gafrerirn tmidnl-

Heter sarplcs rcm collected at tn rmnthly intcrrels fron Septarocr 1984 to July 1985 fro
five sites for general ratcr quality invcstigitions. Sedir:nt seples nre collcctcd frur trc
sites end shellfish frun one site ovcr ttre sei pcriod. Fro scptenscr 1905 to Jrnuary l9s ||tcr
sarples EFe coltected rt t1.9 mnthly intcrvels frtn- five sites for hcavy ntal analysis;

sedimnts and shellfish rere collcctcd it tt. sitl ti,lE fron trc sites' All saplas nra rnelyzed

usi ng standart techniques-

0uring the period of the stuqf prior to the construction of the pFoccssing plrnt thc

envirornnnt in the yitogo .ne. urs 
-ilativcty frce frun contanination- tlrter quelity ras

generally good. rhe values for heaYy mtals in uottr sc{imnt end shellfish *ne lr' often bclq

thc dctection linits available, ineicrting r virtually potlution-fpec situatioo' Goliforr

contents of shcllfish reru all rithin thc tSEPA standerds set for edible ntcrirl'

This contaninrtion-free situation n y change once the processing plrnt becor:s opamtionel

because uastes such as stonn rrter run-off and overflm, raste oil, trcatcd dorstic SCUegC'

burnt ash and residurl uood treatmnt chEnice'ls conteining ioric elemnts such rs coPper' chruin

and arsenic rill pose probleirr of handliry erd disposal' ll*vcr' rith clrcful considerrtion of

the proposals presented in this rePort tfre-tifely cffects of thc ilrpact of thc develof:nt on thc

vitogp area enYirompnt can be kept to e ninimm'
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l. IxTRoorJcrtotl

tbvelopnnt actiyities in countries such as Fiji depend largely on the erploitation of naturel

resogrces rtrich tend to be nprc vulnerable in trcpical regions than elswhere. EYery effort m'lst

be mde to preserve the nrturel resources for sustained developrnnt. Excessive demnds on limited

rcsourres till result in significent deterioration of the ecological syst€nB upon rhich life
dcpends. Indications of such misuse usuelly slrcr up es soil €r.osion, lack of xater or its
quitity, deforestetion, depletion of ecologicelly ilportant life form and other adverse netural
phcnoruna. Ihe inplicetions of such effects on the quality of the envirormnt sttolld c.use even

;Dre soncern if the erea to be developed has been relatively free of environrnntal problers as in
the cese of the Vitogo River end essocieted bay area in tlestern Yiti Levu, Fiji, rtrere a sarnill
and chipnill is to be constructed to process the pine tinber cultiYated in the adjacent forests-

Ihe vitogo River enters the ser near lautoka, the second largest city in Fiji. Until the last
dccade ell industrial develogrnnt in this area has been confined to rithin a f* kilorntres radius

of the city. Th€ lrea under study, yhich falls outside the city boundaries, has not been

inf luenccd by .ny mjor envircmpntal changes rrising frun industrirl develogmnt- ln the

surrognding hills a najor pine forest plentation hes been developed over the last tlenty-five
yeys. llrile sg|tE pine harvesting has occumed, little rpod trertmnt has taken placa; the

cffects of harvesting on the environnnt have therefore been considered to be rninirnal. llotever,

th€ construction of the sernill rnd chipnill rnry significently affect rater quality in the vitogo

River and associated coastel rFees. The effects of the rnill on the quality of the environnnt can

bc cvalutted in futurc only on the basis of corparison vith the present state of the envirornnnt.

(bviously, this necassitetes the copletion of e baseline study. The Institute of llatura'l

Rcsogrces (lllR), tith fimnciel support fron SPREP, ras rble to carry out the beseline study' the

objectives of the studY being:

- to generete beseline date on the quality of the Vitogo River estuery ard adjacent coastel

bay erea; and

- to rsscss the potentiel i4ect of the mod chipuill on the quality of the studied erea and

pr.ovide e progosal for ritigtion of effects.

This ruport is r record of tlre findings of the bescline study. This intrcductor? section is
follorcd by e description of the physicel characteristics of the study erea. fhc section 'l$thod
of lnvestigation. records deteils on locetion of srrplirtg sites, s4les collected, regularity of
sa;pling rnd enelyses pcrforr:d. Rcsults erd discussion of envirornpntel quality investigations

follor. Under rpotential hprct of Senritl and chipnill tlevelorent* the potential irpact of the

dcvelogrnnt on the envirornunt rnd possibte nitigative rnasures are projected. scnn concluding

rsnrrks ere mde in the last section.

2. o€scRlPrtofl 0F ARE

fhc aeographicel setting of the lrea under consideretion rith respect to Lautoka city is shorn

in Figgre L The locetion of the processing ccnpler, ebout 14 km north+ast of Lautoka, is elso

indictted. 5m physicel characteristics of interest rrc outlined belor.

2. I Iooooreohy

fhc area is of variable terrain, fr"cn e coastrl plain to gently rolling hill country e fer
kilm:tres in the interior to mdcrrtely steep dissected land along the foothills of the hunt
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Evans Range. Elevation ranges fron 40 m above sea level (asl ) near Drasa to about 5tl0 m as'l in
the vicinity of the lololo Forest lookout. The elevation of the mill site is approxinately 6O n
asl. The site is on the northern side of a gently sloping ridge, falling tovards the north-rest,
on the coastal plain. Eetreen I and 4 kilmtres yest of the site is the coastal plain rhich
extends to the south-vest past Lautoka.

2.2 ceoloEy

The geologl of the Lautoka area is described in detail by Bartholqmr (19591. The rocts
underlying the higher elevation areas are mainly of volcanic origin, deriving frm basaltic and

andesitic volcanic activity during the Plio-Pleistocene period. The rocks include augite-olivine
basalt flws, tuffs, volcanic brecias and associated sedimnts. The sedimnts of the coastal
plain apparently carprise about l0 m of clayey aluviut.

2.3 Soi ls

The soils in this area form a corplex of Oxisols, Ultisols and Inceptisols vith minor areas of
Entisols, Alfisols and lbllisols (Tnyford and l{right, 1965; Leslie et al., 1985).

0xisols: these are typical soils of the highly reathered and highly degraded dr1 zone arcas of
Fiji. They have been fonred in materials that have been intensively rpathered chenically and
frequently have oxidic mineralogr. They generally have red colours, deep profiles, high porosity,
reak structures and are erosion prone. They tend to be moderately acidic (ptl 5-6) and la in Ga,

llg, K and P.

Ultisols (usually Oxic subgroup): have better structures than Orisols rith clay accurulation
in subsoil horizons. The mineralogr tends to be kaolinitic and oxidic. They generally have red
or red-brorn colours, are npderately to strongly acidic (pll 1.5-5) and are fonrcd fron neathering
products of basalts and andesites. 11 a fer areas soils having simi'lar norphological features but
having high base status (Alfisols) have been identified.

In sqrr highly degraded areas erosion has remved mst of the soil profile leaving a thin
surface layer on top of in situ rcathered rock. These soils freguently are strongly acidic (ptl
4-5) and are classified as Entisols or Inceptisols.

There are limited areas of shallor, dark, soils found particularly on steeper slopes ard
fonred frcrn upl i fted sedimnts. They are strongly structured due to the presence of
rpntrprillonites yhich stabilize soil aggregates. These shallou dark soils (knorn locally as

nigrescentsl have a high ptl (pH 6-7.3) and are relatively rich in phosphate, bases and organic
matter. These soils are classified as Inceptisols or ltollisols.

2.4 Cl imate

The island of Yiti Levu is divided climatically into trrc zones, the north-nest (project areal
region having a marked dry season fron llay to tloverber and the south-east region having a hunid
climate uith a nore evenly distributed rainfall. Surface vind directions and speed in the mgion
exhibit a marked diurnal variation (Sharma, 1982). During the day, nesterly to north+sterly
rind flov (sea breeze) usually prevails rhile south-resterlies usually predminate at night.
South-easterlies tend to be augmnted by a dornhill rind drift frqn the east, i.e. a night-tim
land breeze. The ayerage annual teflperature of the area under study is 26 oC and the average
annual rainfall is 2.5 m at Lololo vhich is the closest ronitoring station to the study area [Fiji
lleteorological Service information supplied to Carthron Technical Group (1984)1.
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2.5 Veqetation

Itlost of the steeper slopes of the region are under pine (Pinus caribaea var. hondurensis)

cultivation as shoun in Figure l. The pines vere established on badly degraded -talasiga'

grasslands. Talasiga vegetation, consisting of the introduced mission grass (Pennisetun
polystachyon), Karuka fern (Pteridiun esculentm), Qato or bracken fern (0icranopteris linearis)
and Nokonoko (Casuarina equisetifolial, can still be found in places. Remrants of indigenous
hardrrcod forest occur tithin the pine p'lantations. The native reed (fliscanthus floridulus) and

the guava (Psidiun gua-iava) are cqnpn in such areas. The flat coastal area and the rolling
countryside have been utilized for intensive sugarcane cultivation. The lorer reaches of the

Vitogo River and the Vitogo Bay have rich stands of mangroves.

?.6 llater resources

The major rivers draining the catctncnts of the study itrea are the Vitogo and the Teidanr.
The catctmnt areas of these trp rivers are marked in Figure 2. The Yitogo River is of particular
interest in this study because Hater requiremnts of the mill are to be net by draring rater
(position marked in Figure 2) at a rate of 0.015 l#/sec frsn this source. The catclmnt area of
the Vitogo River extends rell into the foothi'lls of llount Evans Range. The major tributaries are

Yilakolerasautoko Creek, Savubasaga Creek and the headvaters of the river itself. The Teidaru

Riyer is also of interest because it drains the area around the mill. These trp rivers constitute
a major proportion of the fresh yater input into Vitogo Bay. Other fresh rater inputs to Vitogo
Bay are shovn in Figure 3.

3. iETHOO OF I}IVESTIGATIOI

The Institute of llatural Resources yas invotved in studies of the general quality of the vater
at the proposed intake site even before this conprehensive baseline study vas initiated. The data

obtained frsn that study is given in Table l. As part of the present study a preliminaqt tour of
the project area ras made in July 1984 to determine accessibility to potential silpling sites,
availability of appropriate sarple types that rculd indicate vater quality and the precautionary

flEasures that rould need to be taken for sanple preservation. 0,etails of the location of the

sarpling sites, dates of sanpling, types of sanples collected and the analyses perfonned are

outlined in this section.

3. I Samle col lection

The type of s4le that is usually collected in investigations into ster quality is the

actual rater itself. Houeyer, yhen looking at rater quality frqn the point of viel of pol'lution

one often needs to masure parmters that, in later, are present in extrarcly lor concentrations,

such that detection is scnetims inpossible rith the facilities available. The higher

concentrations that occur in bioacctm,rlating organisnr and sedimnts rith rhich the rater in

question is in contact can be used as a partial solution to this problem. Sedimnts and shellfish
can be very appropriate indicators of rater quality because polluting agents such as heavy netals

tend to concentrate in such sarples and are therefore rore easily detectable. Sesides, studies on

heavy netals in shellfish are useful in thennelves because they indicate the quality of shellfish
rhich are usually heavily harvested for hrman consulption. t{ith these considerations in mind it
ras decided that rater, sedimnt and shellfish sarples trculd be collected frm various sites
rithin the study area (Figure 4) for general uater quality, heavy mtal and coliform status

determination, The mst c(mmn species of shellfish found in the area ras Gafraritm ttnidut, 
_a

food source for the local villagers. l{ater yas sarpled birnnthly at five sites (marked I to 5 in
Figure 4) along the Vitogo Riyer frqn Septenter 1984 to July 1985 for general rater quality
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Figure 3. Freshsater inputs into Vitogo 8ay
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Table l. General rater quality results for nater drau-off

Point on the Vitogo River'

lleasurencnt

pH

Turbidi ty
Colour
Alkalinity (rq cacQ/l)
Total Fe 1ng/l)
gissolved Es (ng/l)
fotal ltn 16p/ll
Dissolved ;1 (rPll)
61 (rngll )

S04 (ttell )

Total dissolved solids
Suspended solids (nP/l)
6s (mgll )

ne (rqll )

P (nBll)
K (nrgll )

6.9s
170

35
26

4.2
4.2
<).1
4.'l
1.2

r9.5
(mg/l) 80

107

5.0
1.8

10.8
0.86

9.20 7.71 9.m
14306
25455
53 37 52

0.84 0.77 0.22
0.15 0.07 0.5
0.60 0.50 4.1

4.1 <0.1 <).I
12.0 8.0 6.1
6.8 3.5 4.0

r20 140 70

1.5 3.3 3.2
r3.9 12.0 9.'l
3.5 3.4 4.1
8.7 7. 1 5.0
0.80 1.0 2.0

7.m 7.m
l8 32

15 45

33 23

0.73 2.0
0.23 0.50

4.1 0.10
<0.1 4.1
6.2 6.0
1.4 1.2

55 58

m26
5.6 6.0
4.3 2.4
4.9 3.3
1.8 1.2

6.30 ?-10
106
25 15

I 3tl
0.32 0.37
0.ltl 0.09

o.l 4.1
4.1 4.1
5.8 5.2
ll.0 3.0
4680
2.5 0.4
1.5 1.5
0.9 0.9
3.8 3.8
0.70 0.?0

thejointventurecfipanysuchthatnprethan24hours
elapsed betyeen collection and the initiation of analyses. ll'o special preservation

techniques uere enployed. Hence pH, turbidity, suspended solids, dissolved Fe and tln data

have lotr confidence limits-

determination. guring the sane period $ sedimnt sanples rere taken frcrn site 5 (Vitogo River

bed), g frmr site 6 (vitogo shellfish bed), and 3 frqn site 9 (Teidanr shellfish bed). l{ater

sarples uere collected frcrn septenter 1985 to Januar? 1986 for heauy mtal analyses only, fran

sites I to 3 along the vitogo River and sites 7 and I along the Teidanr River- shellfish rere

collected frqn sites 6 and g fran l{ay lgg5 to January 1986 for colifonn and heavy mtal analyses'

A surmary of this information is given in Table 2'

3.2 Analvtical Procedures

The sanples collected uere brought back to the Institute of Natural Resources Analytical

Services Laboratory nhere all analyses vere carried out. Analytical procedures are outlined'

Analyses of rater serPles

Conductivity uas reasured on a conductivity rcter standardized against a standard salt solution'

pH was reasured uith a glass electrode standardized against buffers of pH 4, 7 and 9'

Salinity uas teasured using a salinity mter standardized against a salinity standard'

Turbidity ,1as rrasured in a nephelqreter against suspended silica standards and is expressed as

nepheloretric turbidi ty uni ts (ltTU) -

Alkalinity ras masured by titrating an aliquot of the sanple vith standard HCI to the

phenolphthalein end point for carbonate alkalinity and the mixed brcnpcresol green-rmthy'l red end

noint for bicarbonate alkalinity (APHA-Att{A-hlPCF' l98l)'
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Table 2. Srmnary of infonnation on sarpling aM analysis

Bimnthly
saql ing

Snple types
col lected

Collection sites Analysis perfomcd

July 1984 (Preliminary tour - no sarpling)

Septenber 1984

through
July 1905

Septenber 1985

through
January 1985

lloverter l98tl
thrcugh
January 1985

rhy 1985

through
January 1986

l, 2, 3,
7, 8

lSter

Uater

Ito5 General rater quality - conductivity,
pH, turbidity, sal inity, alkalinity,
Ca, llg, l{a, X, Fe, lln, CI , 5i02,
S04, t{Q. llH3, Tl{, TP, P04,
faecal and total colifomrs*

Heavy mtals (As, Cd, Cr, Cu, Fe, Hg,

lln, Pb,5e, Zn)

Sedimnt 5,6,9 Heavy mtals

Shel I fi sh 619 Heavy mtals, coliforms

t Colifonrs only on Septenter l98tl through llarch 1985 s4les.

Calcirm, oagnesim, sodirm and potassitm rere masured after suitable dilution by flarn atmic
absorption spectrophotantry (FA S).

Chloride ras npasured using a chloride ion selective electrode.

Sulphate ras rnasured using a turtidimtric barim sulphate mthod.

Sitica (dissolved) yas masured by a colorimtric procedure by formation of the reduced beta
si I icmlybdate cotplex.

Dissolved iron and mrngenese vere masured after fi'ltration of a sarple rhich had been

acidified inrmdiately upon collection. The filtration, through a 0.47 un membrane, xas caryleted
under vacuun and ircn and manganese determined by FMS on the filtrate.

fotal iron qnd mrnganese rcre determined on another al iquot of the acidif ied saple. An

aliquot of 3 oni of concentrated perchloric acid:as added to IOO c# of the sanpte and the
nirture heated and evaporated until fures of perchloric acid nere evolved. The digest ras diluted
to l(D orl anC iron and mrnganese detennined by FMS.

fotal Kjeldahl nitrogen yas rmasured by Kjeldahl digestion using su'lphuric acid, potassirm
sulphate and a selenir,m catalyst follored by stem distillation of the rnronia and determination
by the indophenol blue colorimtric mthod (see nmnia mthod folloring).

Total phosphorus yas masured by the orthophosphate mthod after digestion of the rater sanple
rith perchloric acid to fums.
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Armnia uas fiEasured using the indophenol blue coloriretric rcthod (APHA-AI*IA-I{PCF, l98l ) '

litrate uas masured by the cadnim reduction colurrr procedure and subsequent coloriretric
rcasuremnt using sulphanilamide and l-napthylethylenediarnine dihydrochloride to produce a red-

azo cqrpound (APHA-AIfiA-i{PCF, l98l ).

Sarples for heavy mtal analysis rere acidified upon sanpling to a pH of less than 2 vith

nitric acid. The nrrcury salrple was further preserved rith addition of potassiun dichranate'

Cadnim, chrmiun, "opp"i, 
lead and zinc vere masured by corplexing the mtals uith anrnniun

pyrolidine dithiocarbarnate (APoC), extracting the curplexed form into an organic solvent (|'IIBX)

and determined using FMs. Arsenic and selenirm rere determined by the hydride genera[ion

technique and mrcury by the cold vapour technique using a Perkin Elner ftercury/Hydride Systen

(tlflS-10) linked to an atsnic absorption spectrophotcneter'

Faecal and total col i forms |rere determi ned us i ng

(APHA-AI#A-IPCF, l98l ) .

the mentrane fi l tration rethod

Analysis of sedimnts 
"

Sedinpnt salples uere air dried and aggregates broken doun to <2 rrn in dianeter. For total

heavy mtal content, a 0.5 g sarple ras digesteO corp'letely ui th a mixture of perchloric,

hydrofluoric and hydrochloric acids and made up to volutp vith deionized uater. For veak acid

ertractable heavy retals, a 0.5 g sarple was left to stand overnight t{ith a 251 solution of acetic

acid, centriiuged and the supernatant used for determination. Heavy mta'ls such as cadniun'

chruniun, copper, iron, manganese, lead and zinc rere masured using flale and graphite furnace

atcrnic absorption spectrophoturetry. Arsenic, seleniun and mrcury vere determined as for uater

sanples (see above).

Analysis of shellfish

The flesh frm approximately tuenty shellfish frcn each site uas hcnngenized to give a

corposite s61ple. n'iuUsaple 
-uas 

diglsted rith nitric acid and heavy mtals in the digest

determined by the techniques described above. Colifonn counts in the sanple were determined by

the rultiple tube technique. lloisture content of the sanple uas flpasured by determining noisture

Iost on drying a subsanple at 105 oc to a constant ueight'

4. RESUTTS All0 0ISCISSISI

4.1 General vater qualitY

The results of the analyses carried out on the sanples collected fran the Vitogo River for

indication of general nater quality are given in Tables 3 to 8. Sme characteristics of the river

drayn frm visual observations made during sanpling trips, interpretation of data assectled over

the duration of the project and frsn discussions rith other interested parties (e-g. hydrologists)

are outlined belou.

Yitogo River fla

The Hydrology Section of the llini stry of t*crks has carried out occasional di scharge

masursrrcnts since .|969, 
and rnre regularty iince August 1977. Fortunately, the f lorr trEasurelYEnts

have been taken at a site rhich coincides uith one of the uater sanp'ling sites of this study (site

Z in Figure 4) and is scnp 1.5 km upstream frun the proposed intake site for the mill xater supply'

The analyses are based on spot gauging and extrapolated on the basis of rainfall patterns' the

data is given in Table 9. A point rnrih noting is that such flol rates are not representative of

the entire river. Visual observations indicate great variability in flou rate in different

sections of the river.
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Table 3. Results of sarples collected on 12-13 septenber 1984

tleasuremnt

Gonductivity (tt6/cn)
pH

Iurbidi ty
Salinity (ppt)
Alkalinity (mg caG%/l)

'ca (rall)
Iotal Fe 1ng/l )

0issolved 6s (rE/l)
Total ltn (q/l)
0issolved 6n 1q/l)
g1 1np/l)
sio2 (tqll)
soa (nU/ | )
119 (rng/l )
51nrg/l)
I (nB/l)
lq (nEll)
llH3 (pell )

ril (ntgll )
rP (pell)
Poa (pell )

0.184
7.50
5.4
0

52.3
10.8
0.2

<0.2
<0. I
<0.1

t.8
48.2
2.2
t.9
5.8
1.2
0.21

tl5
2.20

t52
466

0.102
8.60
8.0
0

50.3
8.7
0.4

<0.2
<0. I
<0.1
2.1

53. s
3.5
2.5
7.5
t.5
0.05

<20

r.68
241
748

20.8
7.s5

I1.0
16.2
1l .l

0.6
<0.2
<0. I
<0. I

28.9

-

o.ou
37

l.9r
il5
355

29.6
7.63
8.4

23.2
91.4

0.5
<0.2
<o.l
<0.1

21.4

o.oo
33

2.30
t50
tl60

42.3
7 .88

10.4
34.6

t08

0.6
<0.?
<0.1
<0.1

4-8

-
0.04

<20

2.61
212
550

Table 4. Results of s4les collected on 6-7 ltovenSer 1984

fieasureflEnt

Gonductivity (tt6/cn)
ptl

Iurbidi ty
salinity (ppt)
Alkal ini ty (nrs CaCo3/l)
Ca (np/l)
Total Fe 1mg/l)
Dissolved 6" 1q/l)
Iotat itn 1q/l)
0issolved xn 1mg/l)
61 1q/l)
si02 (nBll )

so4 (tm/l)
119 (mg/l )

X6 (3rg/I )

1 1ng/l )

tCI3 (ttC/l)
t{Q (psll)
1il (mg/l)
IP (Fsll)
F04 (psll)

0.083
8.05
5

0
r10.4

9.2
<0.2
<0.2
<0. I
<0.1
0.4

30.8
<l
0.25
6.3
t.3
0.3 |
5

0.31

It3
502

0.089
9.10

t8
0

42.9
8-l
0.5
0.3

<0.1
<0. I
0.5

43.0
5

0.29
6.6
1.8
0.02
1

4.39
226
793

25.9
1.52

l0
20

85. I

<o.2
<0.2
<0. I
<0. I

20-0

-

0.04
l8
3. tlo

144

446

28.3
7.54
I

22.1
88. I

0-5
<0.2
0.2

<0. I

17.l

o.o,
8

0.93
280

858

40. r
1.73
9

32.5
106.6

0.5
<0.2

0.2
<0.1

8.0

i.,,
6

0.31

312

956
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sarples collected on lrl-15 January 1985

lleasurenent

Conductivity (r6/ctn)

ptl

Iurbidi ty
Salinity (ppt)
AlkalinitY (ng CaCq/l)
s6 hg/l)
Total Fe (fltg/l )

0issolved 6g (r€/l)
Total ltn (rgll)
0issolved fn (lrg/'l)
g1 1rg/l)
si02 (ru/l I
SOa (re/l )

Itg (tttg/l )
116 hg/ll
I 1mg/l )

mg (ngll)
Ittta (pgll )

1x (nB/l)
TP (pgll)
Poa (ps/l)

0.059
6.7
6
0

28.2
5.1
0.6

<0.2
4.1
4.1
0.8

23

<l
1.2
3.6
0.73
0.5

45
8.3

30
92

0.087
8.7

20

0

12.1
?.6
0.7
0.tl

4.1
4.1

3.1
37.0
<l

2.4
5.0
1.2
0.24

25

s.3
120

25

t?.17
1.2

l0
9.0

59.9

0.4
<0.2
4.1
4.1

28.0

-

0.03
32

ll.l
30
6l

41.90
1.5
8

3l.l
I 13.3

0.5
0.2

<).1
4.1

tl.8

-

4.01
32

s.8
30
9?

tl? .20
t.9
I

38.0
I l5.l

9.4
0.3

<l.l
<t.l

2.1

-

0.01

32
9.2

20
3l

Table 6. Results of seles collected on 2?-28 llarch 1985

tleasuretmnt

ConductivitY (r6/cm)

pH

Turbidi tY
salinity (ppt)
Alkal initY (mg CaCO3/l )

g. 1rq/l )

Total Fe (nE/t )

0issolved 69 (rE/l)
Total lln (38/l)
Oissolved in (mg/l)

61 ltrg/l)
Si02 (m/l)
SOa (mg/l)
Fg (ntg/l )

X6 ltrg/l )

I (mgll)
ttQ (w/l)
tth (psll)
1x (mg/l)
TP (ps/l )

ffia (Psll)

0.059
5.9
I
0

73.4
5.6

<).2
4.?
<).1
<).1
4.8

28
<l

1.2
2.1
0.77
0.ll

l0
4.2

320
102

0.071
5.8

12

0

21.0
5.8
t.z
1.0

4.1
<0.1
5.2

?3

<l
1.9
2.1
0.99
0.19

q2

3.1
85.2

139

0.07t1
6.5

24
0

25.6
4.8
r.2
1.2

<0.1
<).1

l8

i.t
2.1
0.98
o.12

116

2.9
55.2

t84

l. ltl0
6.9

tl8

0.8
2s.2
l0

1.8
1.5

<),1
<0.1

l7

i.o
59

1.1
0.52

103

3.0
I30
215

12. ll
6.8

l0
9.1

r18.4

0.4
<l.2
<r.l
<l.l

l6

t

0.06
12

2.2
85.?
92
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Table ?. Results of sanples collected on 28-29 llay 1985

Itleasurerent
I

Si te

Conductivity (mS/cm) 0.083
7.0
I

0
39

8.7
<0.2
4-2
<).1
<0. I
3-4

29

3

0.8
6.5
1.0
0.12

62
7.5

450

98

0.096
7.5

'10

0

50

9^6
0.2

<0.2
<0. I
<0. I

1.9
4I

1

l.l
6.8
1.3
0.31

48
3.8

250

r96

t.48
5.6

20

5.7
58

6l
0.3

<0.2
<0. I
<0. l

34

425_

a.o''
68

2.9
200

195

21.0
6.7

20

21. I
83

<).2
<).2
<0.1
<0. I

l8

'ul

o. ru
140

3.2
165

25

37.9
7.1

l0
30.7

r00

0.2
4.2
<0.1
<0.1

9

'T

9.3
108

2.O
l5
25

pH

Turbidi ty
Salinity (ppt)
Alkalinity (mg CaCQ/l)
g1 (rrBl I )
Iotal Fe (nrgll )
0i ssol ved 6s (rrEl I )
Tota'l lln (tng/ I )
Dissolved 6s (ttgll)
s1 (mgll)
Si0, (rng/l )

Soa (ttgll )

Hg (rBl I )

lla (rgll )

x 1q/l)
Xr% (ngll )

r{\ (psll)
1H hrg/l )

TP (ygll )

Poa (psl I )

Table 8. Results of sanples collected on 29-30 July 1985

lleasurerent Si te

Conductivity (tt6/cn)
pH

Turbidi ty
Salinity (ppt)
Alkalinity (mg cacQ/l)
Ca (rgll )

Iotal Fe (nrg/l )

0i ssol ved pg (ltg/ I )

Total iln (nB/l)
Dissolved tln (mg/I)
s1 lrrp/l )

sio2 (rt/l )

504 (rngl I )
ng (ng/l )

s" 1ng/ I )
1 1mg/l )

tl03 (nUll )

tltb (psll )

1x (mg/l)
TP (ysll )

P04 (1sl I )

0.069
1.1
2

0

r6.8
4.2
4.2
0.1

<).I
3.4

20

5

3.8
3.1
4.0
0.50

100

3.6
70

92

0.099
6.9
2

0

18.2
0.4
0.3
0.1
0.1
3.2

35

3

4.6
4.8
1.4
0.3 |

26

2.1
85

153

17.4
7.2
1

':''

0.7
0.5
0.3
0.2

4920
24

t11

o. t''
28

3.1
70

92

25.1
1.3
4

':.'

0.5
0.4
0.1
0.1

2600
20

-
0.07

34

2.3
45

6l

49.9
7.6

l0
r]''

0.8
0.2
0.2
0.1

5. tl

-

3.1
32

2.5
25

6l
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Table 9. Flor data for the Yitogo Riveri

Florl estimate
(#/sec)

lban annual mininr.n
S-year ninirrrn
30-year nininr'm
lverage lor flol (lgttil drought period)

Average annual Peak flor

0.23
0.17
0.ll
0.18

lm

t-0"t" rtoo ryarotogy Section of ltinistry of lbrts'

SelitttY .d turttdt$

It is obvious frcnt the salinity mesureinnts recorded in Tables 3 to 8 that the salt nedge is

loceted betreen sites 2 and 3 in Figure rl. tbre detailed masurenrnts mrde by Stonefish co' Ltd'

(19831 have shorn th.t the salt nedge does mt rerch the proposed intake site for the mill :ater'

Ihc deta given in reble I demnstrates the absence of any tidal effect -at this site' ln

appelranoe, thc river yater above the influence of salinity iespecially at site l) is generally

clearcr than tlre gr.eenish$roln coloured vater in the loler reaches of the river stirred up by

tidel mvErrnt an<l rind. tt rould app€ar fnnr the data obtained that prior to lhrch 1985 there

ras e build<rp of turbidity at site 2. This ras due to sevene infestation of the site rith rater

neds ytrich restricted riYer flol and clearing of turbidity' Ihe tr,o cyclones in llarch 1985

accorpanied by torrential munts or raiiriil dislodged this accuw.rlation frqn site 2 and carried

it further domstreNn. Ihe effect of this and increased silt Ioading due to high levels of

rainfall can be seen in subsequent turbidity rcasuremnts. rhe river in appearance has virtually

no silt load during the predminantly ory conoitions that prevail thro0gh mst of the year'

Glrricel c*itiqt

Ihe xater carried in rivers consists of contributions frm several sources' one of these is

the subsurfece rater and groundrater yhich re+nters the surface riYer ratcr and the other is the

direct surface run+ff fraction vhich enters the drainage systen during and sq)n after

precipitation periods. In the case of the Yitogo River the contribution franr the sea uater to a

certein point needs also to be considered. Ihe 
-relative 

inputs fran each of these sources aM the

concentration of dissolved species in each determine the chemical corposition of the rater rt the

different sites along the vitogo River. The rater of site l, rhich is totally remved frun any

possible salt Hater influence and has its colposition affected by surface and subsurface

contributions only, is taken for discussion. The corposition of each of these xaters is looked at

before their affect on the river rater is considered. The surface run+ff rculd normrlly have

only a short contrct rith soil and vegetation, and hence the ccrposition of species dissolved in

it rmuld not change drmatically frm that in rainrater' There is a leck of data on rainfall

corposition for the area under study. Subsurface vaters on the other hand tend to contain mre

dissolved nnterial because of their nore intimrte and longer contact vith organic material' loil
and rock particles. Often there is a direct relationship betveen the cqrposition of subsurface

rater and its host rock. For the Yitogo area shich has a substratun of volcanic origin (see

Geology Scction), subsurface rater characteristic of basaltic and andesitic host rocks xould be

erpected. Once again there is a shortage of chernical curposition data on subsurface xaters in the

area under study. I1"ta reported by Gairels and ltacKenzie (1968) for the spring vaters of Sierra

llevada, considered as being characteristic of igneous rock areas, is used in this study for

discussion pqrposes. The similarity in the Garrels and ltacKenzie data and the data frstt the

Yitogo River (Teble l0) should be noted'
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Table 10. Chenical ccrposition data for site I on the Vitogo River and the
spring raters of Sierra llevada (Garrels and llacKenzie, 1968)

lleasuremnt Vi toqo River Sierra
Sept.84 llov, 84 Jan. 85 lhr. 85 lhy 85 July 85 l{evada

rater

ptl
q6 (rEll )
Cl (trg/l )
Si0, (ng/l)
soa (ltq/l)
ig (,tqll)
fla (ry/l)
x (q/l)
l|Q (tng/l)
Cac% (tng/l I

1.6
10.8
1.8

8.2
2.2
1.9
5.8
1.2
o.2l

52.3

8.1
9.2
0.4

30.8
<l
0.25
5.3
I.3
0.31

/m./t

6.1
5.1
0.8

23.0
<l

1.2
3.5
0.73
0.50

?8.2

5.9
5.6
4.8

2g

<l
1.2
2.1
0.77
0.1I

23.1

7.0
8.7
3.4

29

3

0.8
5.6
1.0
0.12

39.0

1.7 6.8
16.8 10.4
3.4 1.06

20 ?4.6
5 2.38
3.8 I .70
3.'r 5.95
4.0 1.57
0.50 0.28
- 54.6

As already pointed out the ccnposition of the vater in rivers is dependent upon relative
contributions frqn surface and subsurface sources. Ouring periods of lor rainfall, the direct
run+ff is small and the river rater is predoninantly of subsurface origin nhich has reached
solid-solution equilibritm. In this instance the solute concentration in the river is relatively
independent of river flu. 0n the other hand, if direct run-off is larger than the flq that has
penetrated into the subsurface, then the solute concentrations in the subsurface uater are diluted
by the direct run-off. Thus the solute concentrations in the river yater rpuld be inversely
related to flq. Superirposed are the influences of pol'lution and raste disposal rhich in the
case of Vitogo are considered to be insignificant. Fertilizer run-off frqn agricultural land may
affect caposition of river rater dornstrean. Table l0 gives the concentration of certain
dissolved sPecies at site I at different tims of the year and illustrates quite clearly the
effect discussed. A dilution and hence a decrease in the concentration of rost parannters under
consideration is noted during the rainy rpnths (tlovenber to rhy). In the lorer reaches of the
river the effect of sea rater on the cmposition of the river rater becms increasingly obvious
as evidenced by massive increases in conductivity, salinity and ionic corposition.

4.2 Status of heavv mtals in the studv area

Although at suitable concentrations sm heavy mtals are essential for enzymic activity, they
also form an ilportant grcup of enzynE inhibitors rhen natural concentrations are exceeded.
Itetals such as A9, Hg, Cd, Cu and Pb are particularly toxic and usually inhibit enzlnEs by forming
mrcaptides rith sulphydril groups rhich are responsible for catalytic activity. ConsequenHy,
mst heavy lrtals, rhether essentia'l or not, are potentially toxic to living organism and their
status in the envirornrnt needs to be carefully mnitored.

lfcaYy ntels in raters

The concentration of heavy nrtals (As, Cd, Cr, Cu, Hg, Pb, Se, Zn) in the Vitogo River and the
.adjacent Teidaru River trere found to be less than their respective detection limits for the period'of this study. Table ll gives the results obtained together sith the ayerage concentration of
these mtals in river and ocean yaters.
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Table ll. lleavy mtal content in tha Yitogo and leidmr Rivers frmt
septenter 1985 to Januaqr 1985 and average river and ocean

values given by Riley and Chester (1971)

Consti tuent
Vitogp and leidanr

(usll )

Averaoe values (uq/l)
River xater Ocean later

As

cd
Cr
Cu

HS

Pb

Se

Zn

<l
<2

<10
<2

<l
<20

<l
<l

I
0.03
I
5

0.07
3.0
o.2

l0

2.3
0.05
0.5
3

0.05
0.cl
0.45
5

For so1g of the heevy mtels (Cd, Cr, ]lg, Pb and Se) it las mt possible vith the Fesounses

avrileble to detect prccisely ne.r th. .yer.g€ concentrations fotnd in unpollutad rtttru.
ll6113ver, perhaps lore inportent then the iEasurwnt of the actual qullity is thc distinction
betreen th€ di ffcrent physico+hcnicel forr thet itry be present bccause di fferent
physico+hemical foms usuelly prrticiprte in diffcncnt rays in thc biogcoclEilical cyclcr rnd

heavy mtels generalty tend to be toru toxic in ionized fonrs then in carplcred fonrs. Tltt.l,S

ltational Acrdsw of Sciences (1973) sct guidelincs for hazar{ous tevels of inoryanic fonr of
heavy mtals in coastal raters. lllth th€ exception of tlg, rhich could mt be detcct d et the

leyel reported by llAS, the hazar{ous levcls for As, Cd, Cr, Cu, Pb, end Zn ffc considerebly higher

than those obtained in this study. Ihis finding is mt unexpectcd sincc the Yitogo end Tcidan
Rivers are virtually potlution-frec es fer m hcevy mtrl contltination is conccrncd-

ibrry rtrls in ndirils

The concentration of heevy mtels in scdirnnts depends on neturel end mmade PFoo?sscs

includiry pollutant discherXes, thc geochenicel envirorn:nt, r.t?r discherles end rrter end

sedinpnt cheracteristics. Although heevy rtrls re transported frn the ir 3o{rce to th€

sedimnts both in solution and suspcrded mtter. e high proportion is usuelly trensported bound to
suspended mtter. The pnocess of sedir:ntrtion is repid in estuaries becesse es I rivcr cnters ln
estlary, its rete of flw is reduced end suspended sedimnts ere dcposited. Also cheneps in

selinity and p1 es freshtater nires rith sea ret r cruse precipitetion of mtels end flocculetion

of colloidal cley perticles. lbevy ntrls ene rcmved flu solution by co+mcipit tion or

absotation.

lleayy r:tels in sedinrnts my bc diffcrrentieted into tro cetegories eccor{ing to thcir sooree:

I ittrogenic and anthropogenic, or mrc sirply, geochernical end nrfinde' respectively' Ihc

enthrtpogenic frection drich indicrtes thc crtcnt of pollution nry be obt incd by dctcmining

naturrl background leyels and subtractiq fron cristing values. Scvarrt mthods nry bc utilizcd
for establ ishittg background leycls:

(a) rverrg€ shale curposition es e global strnderd;
(b) fossil lake end river sedin:nts as a strndard for th€ effects of neturrl fectors 

'M
mchanism as rell as rcAional influences;

(c) recent deposits in reletively unpolluted erces; end

(d) short, dated sedimntary cor€s rtrich provide a historical record of the events thet heve

occurttd in the ratershed of e perticular river-
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In the sedimnts under consideration in this study the anthropogenic fraction is considered to

be negligible since the area is relatively unpolluted. Ihe results reported in Table l2 provide

an estimate of the natural background levels frmr tloventer 1984 to January 1986- The heavy mtal
contents of the sedirents are dsninated by iron and manganese and to a lesser ertent by copper and

zinc. There does not appear to be any significant pattern in the results obtained over the

sarpling period. Culparison of data obtained rith data available frsn other sources giYes

relatively good agreenent, particularly for cadnitm, chrcnium, mrcurJ, lead and zinc (Table l3l.
Horever, itre mineralogical and sedimntological ccrposition of sedimnts should be an inportant

consideration in cryarison studies. llatural sedimnts are mixtures of sands, clays and organic

constituents and since each conponent has its orn particular physico-chemical characteristics' the

interaction and concentration of heavy nptals in natural sedimnts depend upon the ccnposition of

the sedimnts. This consideration may explain the elevated levels of copper, ircn and manganese

in the Vitogo and Teidam sedimnts.

oiscussion of the distribution of heavy mtals in the different conponents of sedimnts raises

the question on the various fonm in vhich the heavy mtals are present and their
bioavailability. Heavy mtals may be present in mineral crystal lattices, as precipitates or

absorted and adsorbed onto various organic and inorganic substrates. rhe fraction in cqtstal
Iattices of minerals is not bioavailable. For determination of those fractions relevant for
geochemical and biological processes various leaching procedures tnay be utilized. In this study

the reak (acetic) acid extractable fraction Has determined. This procedurc nEasunes the

bioavailable fraction thought to be associated nith carDonates, hydruus iron and manganese orides

and organic mlecules. Results are reported in Table 14 vhich shqr that up to 5OI (Cr and ttn) of

the total mtal content can be present in potentially bioavailable fonm.

Table lZ. Total heavy mtal content of sedimnt sarples under study frmr tloventer 1984 to
January 1986 (ng/kg except for Fe vhich is expressed in 1)

Si te Date of
Sarpl i ng

ZnSePbllnHgFeCuCrcdAs

5

Vi togo
Ri ver
bed

lhv.&4
Jan .85
llar.85
lhy 85

Jul.85

8.4
2.1
1.4
1.9
3.t

1.7
1.5
1.5
1.6
1-2

35

t2
88

38

42

130

96

99
l/n
150

640
l5m
1400

870

570

9.3 <0.2
13 4.2
l5 4.2
9.5 4.2
9.0 4.2

l0 <).2 85

8.4 4.2 l/b
I0 <).2 150

9.3 0.2 54

7.8 4.2 78

6

Vi togo
shel I fi sh
area

llov.84
Jan.85
llar.85
llay 85

Jul.85
Sep.85
llov.85
Jan.86

4.2
l4
9.3
2.2
7.8
2.9

l0
8.9

95

97

ll0
100
t't0
92

9l
82

4.2
€.2
o.2
a.2
4.2
<).2
<0.2
4.2

l5m
1900
930

2m
l6(n
1800

l6m
t0m

1.7 73

2.r 96

r.5 35
l.l lm
1.7 19

2.2 17

2.1 9l
1.3 ''9

l5
l7
ll
l9
l5
l6
t6
l3

9.7 <).2 150

8.6 <).2 lln
9.3 <).2 120

6.8 €.2 2A
8.0 4.2 160

1.2 4.2 160

7.1 4.2 150

7.tt 4.2 ll0

9
Teidamr 5ep.85
shellfish llov.85
area Jan.86

L8
tz
l3

1.7
2.9
2.5

95

69

5l

ll
8. tt

7.3

l3m
940
7m

78

59

73

a.2
4.2
a.2

?.5 <o-2 lq)
8.5 4.2 88

9.0 4.2 60
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Table 13. Corparison rith other sources of heavy mtal content of sedimnts

intheYitogoarea(mg/kgexceptforFeyhichisexpressedasl)

VTTM TEIOAru
Site 9

shel I fi sh

drea

PURARIA

Ri ver
sedimnt

Recentb
unpol luted
aquatic
sedimnts

Site 5

Riuer bed

Site 5

Shel lfish
trea

As

cd
Cr
Cu

Fe

Hg

ltn
Pb

Se

Zn

l.tl4.tl
1.2-1.7
35-88
96-150

9.O-15
<).2
570-l5m
7.8-10
<).2
stl-150

2.2-14
t.l-2.?
36-100
82-l l0
lt-19

<0.2
930-220
6.8-9.7
<0.2
I l0-220

I.8-13
| .1 -2.9
5r-95
59-78

7.3-l I
<0.2
7m-1300
,.5-9.0
<D.2

60-100

<!.1

44

0.m
639
ll

85

0. lo-1.50
20-190
20-90

1.24.1
0. l5-1.50
lcx)-1800
t0-100

50-250

a) Petr (1980)

b) Forstner and llittmann (1979)

Table I{. l|eak acid extractable fraction of heavy mtals of sedimnts in Yitogp area

(a) (nB/kS for all mtals except Fe chich is expressed as l)
(b)(toftotalheavymtalcontentthatisrcakacidextractable)

Fe t{n Pb Zn
>

t"l tul t"t (b) (a) (b) (a) (b)Site thte of As

Srrpl i n9 (a) (b)
Cd Cr Cu

(a) (b) (a) (b) (a) (b)

5 llov.&{
Vitogp Jan.85
Rivcr lhr.85
b€d rhY.85

Jul.85

<0. I <l
<0. I <l
<0. I <l
<).t <l
<0.1 <l

<o.2 <l
<0.2 <1

<0.2 <7

<0.2 <7

<o.z <7

l5
5

6
l8
t5

250 39 <2 <m
260 l7 4 <20

390 28 4 <m

380 u 4 <20

l4o 25 4 <&

l8 50 13 l0
ltl 19 18 19

fr301313
ft?94230
l1 33 40 21

0.31 3

o.22 2

0.33 2

0.52 5

0.20 2

t3
7.5
8.9
9.5

t2

|lov. 84

6 Jan.85
vi togo ltrr.85
shel l- thY 85

fish Jul.85
area SeP.85

lbv.85
Jan.85

<).1 <l
<0. | <l
<0. | <l
<0. I <l
<0.1 <l
<0. I <l
<0. | <l
<0.1 <l

<0.2
<o.2
<0.2
<0.2
<0.2
<o.2
<0.2
<0.2

r5 0.30
l4 0.21
t6 0.32
r5 0.28
l5 0.33
r5 0.35
I 0.25
t2 0.33

8.1 5

1.1 4

8.9 |
9.8 5

9.5 5

1.9 5

8.1 5
9.0 I

450 30 <2 <20

370 19 4 <20

280 30 <2 <20

440 20 4 <20

190 31 4 40
490 21 <2 <20

480 30 4 <m
460 46 Q <20

<t 30 4l l4
<t 25 26 14

<7 ll 3l l7
<1 l0 l0 l5
<t 24 30 l8
<t 23 30 14

<1Z83ll
<t ?5 32 l0

2

2

3

I
2

2

2

3

9

Tcidaru SeP-85

shell- llov.85
fish Jan.86
area

<0. | <l {.2
<0. I <l <0.2
<0.1 <l <0.2

3 660 5l 4 <20

5 310 39 <2 <20

6 470 51 4 <20

<? 21 22 13 17

<t l8 ?6 15 21

<r 20 39 15 22

0.38
0.41
0.45

l3
9.4
9.6

t3
ll
l4
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lhrry :tels in shollfish

The total heavy mtal content of the shellfish satples
in lable 15. tlata for other biralve slples obtained by

the Yitogo data in lable 16 for cutparison.

frcn ttry 1985 to January 1985 is given
various other rcrkers is included rith

Teble 15. He.yy mtals in shellfish in the Yitogo area frcn lhy 1985 to January 1986

(nS/kS ret reight)

ZnSePbfnHgFeGuGrcdAs

Yi togo

0.50
0.58
0.58
0.58
0.55

0.21
0.08
0.08
0.05
0.o3

0.51
0.39
0.59
0.34
0.39

0.04
0.03
0.03
0.03
0.01

rhy 85

Jul.85
Sep.85
llov.85
Jan.85

2.1 570
2.6 ltm
3.0 670
2.1 510
l.t 8!t0

22 0.l8
l8 0.13
l t 0.17
9.0 0.12

I I 0.12

0.tltl 8.7
0.15 8.0
0.44 l0
0.15 7.3
0.15 6.0

Teidmt
Sep.85
llov.85
Jan.86

1.5
1.5
1.6

o.l5
0.05
0.04

0.78
o.27
0.50

0.04
0.03
0.02

l5
5.0
5.6

0.15
0.09
0.14

2.s t90
2.0 120

1.5 550

o.29 9.0
0.28 7.3
0.33 8.5

Table 16. lbavy mtels in sheltfish (mg/kg)

Grfrarirm tmidm

VIT(nO TETMN'

llet rt. Dry r1.t t{et Yt. OrY rt.t

Itvti lus edul is

il.z.a AusTRb

ory It.t

Chana

iostqna
(Baseline data)

AUSTRc

Dry vt.t

Anadara
qramsa

PI{ILIPPI}IESd
t|et Yt.

As

cd
Cr
Cu

Fe

HS

Hn

Pb

Se

Zn

0.504.68
0.03-.21
.31-.59
1.7-3.0
570-ttm
.0r-.fi
9.0-22
. l2-. l8
.l5-.4tf
6.0-10

2.5-3.4
. l5-1. I
r -7.3.0
8.5-15
2900-7m0
.0s-.20
tts-l l0
.50-.90
.t5-2.2
30-50

1.6
.04-.16
.21-.18
1.5-2.5
rl20-790
.02-.04
5.6-15
.o9-. t5
.28-.33
7 . 3-9.0

8.0
0.ru.30
1.4-3.9
7.5-13
2lo-{m
. l0-.20
28-t5
.45-. ?5

t.4-1.7
37-15

0.3-1.5

t.7-t8
8.3-49
.2-.5

0. t{.0

3.8-26

1.54.8

3.3-12.3
2.5-501

4.2.33.3
0.6-38.9

ttJ66

6.2-38.9

3.54.8

.006-.083

<).35-<t.01

1r .8-3 19

l-5
l6-t8
8-t3
560-1020

I l-19
,-18

,2-104

t ory rt. = u€t yt. r 5 (average of 8Ol rmisture in saples)
a) llielsen and tlathan (19f5)
b) Fabris et at (19t8)
c) BurdonJones rnd Denton ( 1984)

d) Hungspreugs ( 1985)
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For corparison purposes the data for Anadara qranosa frm the Philippines rould appear to be nnst

appropriate because ttris stretlfish, like the Gafrariun tunidun, lives buried in the sedimnts as

distinct fron, for ex4le, ry!j-!-U.!. edulis Yhich is anchored on top of sedimntary deposits' The

primary source of heavy *t"fi--fo. c"fa."i- trnridun and Anadara qranosa rmuld therefore appear to be

the rater just above itre secimnts in yhich they are present. Their siphons are projected throtgh

the sedimnt into the open rater as they fi'lter feed and this rater is in mch closer contact rith
the sedimnt than in the case of mlssels and oysters.

The level of heavy mtals in the Gafrariun tunidm is considerably lorer, ercept for Fe and lln'

than the levels in lfre other speci"r in.LuceO in fauti tO. It should be noted lro*ver that scnn of

thc species used for cwarison arise out of npderately polluted areas, €.9. the tivtilus edulis frcn
port bnillip Bay in Australia and the Anadara qranosa fran the Philippines. Ircn and nangane3e ane

trro exceptions to the trend noted aboYe-

of these mtals in the Gafrariun tunidm could be the result of the high iron and

the rater ard sedimnts in ttre study area (see Tables 3 to I and'lGavy lletals inElevated levels
mrnganese status of
Sedimnts' section.

4.3 Col iform contanination

In coastal yaters rith seuage discharges there is usually a good correlation betreen the degree

of pollution dsmnstrated by animal and plant indicators and by microorganisYs of faecal origin' Th€

faecal and total coliform counts in the rater sarples frqn the Yitogo River are given in Table 17'

Table l?. Colifonn leve1s in the vitogo River (organisnrs/1g0 oril

Faeca'l col i fonm Total coliforms

Vitogo River
sanples

sept.
1984

l{ov.
1984

llar.
1985

Sept.
198/i

llov. llar.
l98tf 1985

Site I
Site 2

Site 3

Site 4
Site 5

0
0
0
0

l3

lm
0
0
0

30

0
0

150
0

50

8m
ll0
2lo
2m
l0

1m
60
40

lm
70

0
lm

70

2m
l0

The maxim,n counts obtained for faecal and total coliform over the rmnitoring period nre

ZOO and 800 o"garri#ttm o,p, respectively. Faecal colifonn organisnn may be considered

indicators of ."."ni l."iit poitution by rirm blooded animals. tn general faecal coliform

bacteria do not cause hman disease (although sorE strains of E' coli are inplicated in

gasteroenteritis) but are indicators of the possible pnesence of hunan seuag€ and thus hman

pathogenic organivm yhich are excreted in faeces, e.g. Vibrio cholera, Shiqel'la sps' Saltmnellq

and Hepatitis A virus. Since the survival tirn of faecal colifonm once outside the gut and

present in rater bodies and in shellfish is different than for the pathogenic bacteria and

viruses, they are scneyhat uncertain indicators but no better indicator has yet been developed'

rblf (1972) reports that the usol Ccrnrittee on tlater Qual-ity criteria recmnds the average count

of faecal colifonm not to exceed 2fi)o organism/loo ctp. For vaters for recreational pulaoses

other than primary contact (srinming, etc. ), an average of lm/l@ otp is recqrncnded and

i*)t*- # 'ir' -,i" guidel ine considered for primary contact purposes- The faecal col iforn

counts in the vitogo River are nell yithin the above limits.
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The total coliform group inc'ludes a great variety of bacteria such as faecal colifonrn,
Enterobacter. Citrobacter and Klebsiella, all having in cannnn the property of being grirFnegatiye
and able to fenrcnt lactose at 35-37 oC rith acid and gas production. Several of the strains in
the group are ridespread in nature and do not necessarily originate in faecal material. Therefore
they are of little value as indicators of faecal pollution. Horever as indicators of certain
types of industrial rastes rith a high content of polycarbohydrates, €.g. in serage discharges
frcn tirrber and paper mills, coliform bacteria counts may be useful.

The shellfish sarples frqn the Vitogo area yere analyzed for total coliform counts and a
marim.m value of 24 organisms per 100 g ras obtained. This is very lor rhen canpared to th€
levels (of the order of 35,000 faecal organisms per 100 gl found in corronly eaten freshyater and
marine bivalves (Il{R, unpublished data) in other parts of Fiji. Standards for shellfish mat in
the US are'less than 230 faecal colifonns per lO g (USEPA, 1976).

5. POTEI{TIAL IIIPACT OF SAI{IILL AIIO CHIPIIILL OEVELOPITEIIT

5. I Proiect description

The project proposal conprises the harvesting of the forest, transportation of the logs to the
industrial site at Orasa, the construction and operation of processing plant and equipnent on the
site to produce sarn tirber, rcodchips, posts and poles, and the transport of product to damstic
markets and to the Lautoka port area for export.

The construction site of the mill in the area under study is shoun in Figure l. tncluded on
the mill site rill be a log debarking and sorting plant, a chipping plant, a samill, steadteated
drying kilns, a tinber preservation plant, a planer mill and a boiler to generate stern for
processing and on site poner generation. An outline of the industrial process is shoyn in Figure
5.

5.2 Imact assessmnt

llrter abstrection fr.on the Yitogo tiver

The vater requirancnts of the mill are to be mt by draring rater frqn the Vitogo River. The
rate at rhich the vater is to be abstracted is 0.015 #/sec. The flov reductions yhich could be
expected in the Yitogo River as a result of this dray-off are shoyn belor.

llean annual minim.m
S-year minim,m
30-year minim,m
Average lor flor

Flor estimate
(m3zsec )

0.230
0. 170

0. 110

0.181

Post-abstraction FloyReduction
flor (rn3lsec) (Il

0.2 t5
0. 155

0.095
0.156

6.5
8.8

t3.6
8.3

Under normrl annual loy-flor conditions the
natural flor and under extrene drought conditions
13.61 of the natural flor. Although this nay
abstraction of any quantity of nater rould have

abstraction represents approximately 6.52 of the
(l in 30 years) it rrculd represent approrimately

not appe.r to be a significant proportion, the
sqrc effect on the river envirompnt. Hol€yer,
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the likely effects are difficult to predict at the present tim. Ihey rculd becm evident once

yatcr ebstraction is started. It is I ikely thet the location of the salt rcdgc could mve

upstrern, thereby upsetting the present situation.

The rater ebstracted rill be used for log spraying, cooling and boiler feed, dilution of

agueous chenicals, steaning tin$er and for potable supplies'

Irtr dirposal - The folloring types need to be considered:

(al rood treatrEnt chemicil - rhe active ingredients in the mirture for the presture trertmnt
p-"ess, 

"sual 
ly referred t! as CCA, are sal ts of copper' chruni rm end arsenic. The

inti-sepstain treatrmnt uses sodirn pentachlorophenate. All these aFe potentirlly toxic

chemicals rfiich pose problens of handling and disposal. unconttllled disposrl or leakege of

these into the envirornpnt rould have serious consequences (see section on status of heavy

mtals in the studY area).

(b) Liquid mstes - Ihese include storm rater run-off and overflws, raste oil end treat:d
omstic saage. rh€ storm yater run-off and overflor could get contaninated vith th€

treatmnt chemicals and penetrate the local envirprmnt creating toric levels of copper,

chrmir,m and arsenic. Haste oil residues frqn the mill if leaked into the environmnt could

also pose problem. prolonged discharge of treated dqrnstic selage nay result in eleveted

levels of nutrients in the surrcunding vater courses and alteration in the relrtive
productivities at the different trophic levels.

(c) Solids - tt is intended that ell residues generated by the carplex lill be burnt to provide

the energy for mill operations. Ihus the only solids requiring disposal rould be the vood ash

derived frm the burning of residues. fhe intention is to dispose of the ash by spreading on

the forest floor. This in itself does not pose a problem as the constituents of the ash (e.9.

Cit, lh, K and Si oxides) are considered beneficial for the soil. The disturbing consideration

is that sam of the nood shavings rill have been through the CGA trcrttEnt pFooess and the ash

rould therefore contain potentially toxic copp€r, chrqnirrn and arsenic residuals rhich may

eventual ly enter the rater courses and create enviromntal problens arising out of heavy

mtal cutanination effects.

(d) Gaseous emissions - Ihe major source of gaseous emissions rnuld be frqn the nood-fired

Uoite* emissions rould include heat, snpke, rater vrpour, carbon dioxide and nitrogen

oxides. The distribution of these emissions in the atmsphere rculd depend on the Prevailing
rind direction (see section.Climate.). The extent of solution of the emissions in rainfell
and entry into the Vitogo and leidanr Rivers is uncertain. Arsenic emissions frsn raste lod
fuel could also be a Problem.

5.3 Prooosal for mitiqation of effects

(a) Stringent control npasures need to b€ exercised in the treattmnt plants to contain all
sgillages and drips. The mnagemnt has taken this point into consideration and an assurance

has been obtained that if there is any build up of chemicat sludge rhich requires renpval and

disposal, it rould be drgrmd and returned to the supplier for reprocessing or neutralizing.

(b) provisions for appropriate drainage of storm xater need to be nade so that contact vith toric
treatmnt chemicals is prevented. Ihis proposal has already been considered and several

concrete drains channelling storm yater into the Naran Yise Creek of the leidml River have

been constructed on the site. It has been confinned that no effluent of any description rrculd

be disposed of into the storm rater system. HoHever, taking into account any unintentional

leakage of treatrmnt chemicals into the system, the tlepartnnnt of Torn and Country Plrnning
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of the Fiji Governmnt, yith advice fron tllR, has mrde it a rcquiremnt that all discharges

into Teidm River or any other later courses shall confonn to the follqing guidelines:

Copper content
Total Ghrsninn content
Chrmirnr (VI) content
Arsenic content

< 1.0 nB/l
< 2.0 ltg/l
< 0.5 q/l
< 0.5 rg/l

It ras also noted that the storm vater drains to the north into the Teidanr River and no

drainage is channelled into the vitogo River frcn- the mill site' In vier of this th€

mrnagamnt tras Ueen.if"a to carmissioi a smrll scale baseline study of the Teidmr River'

This is no underrraY-

(c) To prevent treated nood shavings being burnt,. all chenrical treahtnt should be deferred until

the rcod has been planed. This propoial has been accepted by the manag€mnt rdrich mans that

all shavings that are burnt in the boiler plant rill be free frcn rood treatrpnt chernical

contani nation.

6. C0lctt slotls

AbaselinestudyonthequalityoftheVitogoRiverandassociatedareahasbeenc(IDleted.
It rculd appear frm this report that although the sanrill and chipnill construction is likely to

affect the envircmnt in a nu6er of rays, a lot of enphasis has been placed on rater quelity of

the area. It should be noted, r,uever---ir,"t " uaseline study is primarily. a benctnrart for the

future; it need neither be extensiv" no. all-inclusive. tltrat it should strive for is to masure

the baseline levels of those envirornpntal paraneters that are going to be npst affected by the

develo@nt and are inportant for imact assessrnnt'

Inthecaseofthisstudy,raterqualityrasconsideredtoberostvulnerabletotheplanned
deveroprent. The findings shor that tiris aipect of the envirornpnt is rerativery uncontaninated

at the present tim. fiin sound planning and managemnt of the samill and chipnill corplex' the

developnent need not have a significant itpi.t on [n" environrcnt' The authorities concerned rith

the develotrmnt have been extrmly cooperative and agreed to consider the proPosals mde for

mitigation of likelY effects-

llmyer, the true extent of the irpact of the develornent on the quality of the environrnnt

rill becme apparent once the mill becqms operational. sq|E future mnitoring is required for

quantification of anY inPact-
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