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D A Mor r i s on and R K Solly 

A. I NTRODUCTI ON 

Thi s is a p r e l imi na ry r eport of a l ong t e rm envi r onmental study 

of Laucala Bay and Suva Harbour . It i s presen t ed as a background pape r 

t o the d i s cus s i on of Biogas as a pot en t i a l energy r esource . I n this 

~]	 contex t , t he pr es ent a t i on and d i s cussion i s not comprehens i ve to t he 

gene r al ti t le. ~bst o f t he resu l t s ref e r to the period Septembe r 1977 

to J anuary 1978, wi th comparative figures being ava i l able from 1976 

and 1975 . 

B. I'vlETHOD 

]	 Wat er s cmlple s we r e c ol l ec t ed from a l a rge numbe r of si t es i n 

Laucala Bay and Suva Ha rbour . In general , sampl es were col l e c t ed twi c e 

week l y a t up t o twe l ve poin t s at anyone t ime . Envi ronmenta l pa r-ameters 

r-.'	 which changed r-api dly on r emoval f r om the bu l k wat e r were anal ysed 

imned i a t e l y , other par ame t e r s wi thin twelve hours . The methods used 

a r e those outl i ned in "St anda rd Me thods for t he Examina t i on of Wate r and 

Wa s te Water" . (American Public Health As socia t i on ) and I 'A Pr actical 

Handbook of Seawat er Ana l ysis (J .DOH . St r i ckl and and T . R. Parsons , 

1972 ) . 

'The range of values i s pcesente d in Tabl es I -IV . I n mos t cas e s 

the dat a r epr es en t s a r ange of t i dal condit i ons . Wi thi n t he s ampling 

pe c i od , the variati on of wea t he r condi tions a s s oci a t ed wi th samp l e s 

f r om any one s i t e i s l imi t ed . The r ange of value s pres en t ed in t he 

] Tab l e s are r-epresenta t i ve on l y of condi t i ons over the s ampl ing pe r i od 
-

and no t the maximum cange pos sib l e . 

- ] 
C . DI SCUSS ION 

~ ] The maj or impact of r esidenti al deve l opment upon na tur a l wa t e r 

sys t ems is t h r ough t he i nc r eased s ediment and nut r i ent i mput . The 

] 
i nc rea s ed sediment l oading ari s es f rom r emova l of vege t a t ion c ove r i ng 
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and d i s turbance of t he t op so i l . In gene ral , i t is very seve re i n t he 

initia l development stage , dec r easing a s t he l and i s r e - compacted . The 

J 

] effec t of s ediment i s to physically cover biol ogic a l organisms and t o 

change the phys ical na tur e of t he stra t a . FLU't her s t r e s s i s p l a c ed on 

biological communit ies by t he va r i ati on of light pene t rat i on due t o 

i ncreas ed s ed imentat i on . Certain types of s ediments can als o c ause 

gros s changes of chemi cal s peci es i n the wat er sys t em. Sul phur c ontaining 

miner a l s edime nt s gene r a lly l ead to inc r ea s ed acidity i n na tura l wa ter 

sys t ems. 

J 

\vi t h i n t he ve ry l imited s tudy of suspended sedime nts in Lauc a l a Bay 

and Suva Harbour , the maj or imput would appea r t o be a s sociat ed wi t il. 

fl ood c ondi t i ons of t he ma j or river s . I nc r ea s ed sed i me nt conc en t r a t ion 

f r om r es i dential deve lopment does not a ppear to be s i gnificant . 

J 
The maj or long term impa c t of r esidential development is from 

i nc r eased nut r i ent imput f rom the dispos al of ht.rrnan s ewage . In a s t ab l e 

J 
ec ol ogic a l sys t em, the mutual i nteraction betwe en t he ac t i vi t i es o:f 

producer and consume r organisms , be twee n phot osynthesis and r e spi r a t i on , 

will ensure t he conc ent r a tion of oxygen and nutri ents in t he water 

r ema i n s const ant . Produc t i vity in a natur a l wat e r system i s p r i mari ly 

dependent upon that of the a l ga l mi c r o - or ganisms. The r equi r eme nts f or ~J 

] 

growth a re a supply of ca r bon, nitrogen and phos phorus in t he app r op r i a t e 

ratio of 106 + 16 + 1 and ene r gy . I n surfac e waters , ene rgy i s rarely 

a lirniting f actor , s o t hat a sma l l Lnc rea s e i n nutrient i mput r e su l-ts 

in an incr ease i n phot os ynt he t i c p roduc t i on . Th i s i n t urn is f o l l owed 

by an i nc r ease i n heter otrophic r espir ati on whi ch r e turns the or gani c 

cel l mater i a l t o carbon d ioxide . \Yhi l e t he over all chemica l ba l ance
] of the wa t e r system i s maint ained , t he to t a l p roduct i v i ty wi l l i nc rease 

w1d the r ela t i ve abundw1c e of s pe c ies wi l l va ry . 

] Large i ncrea s e s in nutr i ent conc entr ations wi l l r esu l t i n a l a rge 

increase i n phot os ynthet i c produc t ion . In theo ry , the resu l tant l a rge 

] inc r eas e in heterotr ophi c resp i ration will maintain t he chemi c a l bal ance 

i n the wate r system. Howeve r , t he grea t l y i nc r eased pr oduc t i vi ty wi l l 

J introduce changes in r e lat i ve s pe c i e s abundanc e . A much more s igni f icant 

f actor i s tha t t he h i ghly produc t i ve s ys t em is uns t a b l e . Smal l physical 

va ria t i ons reduce t he vi ability of t he high c oncent r a tion of a l ga l 

b i omas s . Subs equent mi c r ob i a l degradat i on of t h i s b i omass i ntrodu ces 
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gros s chemi cal changes i n the wat er system . The most significant i s the 

a lmos t total r emova l of dis s o l ved oxygen r equi r ed f or t he survival of 

h i gher organisms . The s e o r gani s ms cannot respond t o r ap i d f l uc tua t i ons 

and dis appea r f r om t he s ystem. Th e eco logy is domi nated by alga l 

"b l ooms " and organi sms which survive t he subs equent anaerob i c c ond i t i ons . 

Concent rat i ons of dissolved n itrogen and phosphorus measured i n 

this s tudy a r e 10 - 1000 f old less t han t hose dete rmined in eu t roph i c 

lw<es in t he United States . Eut r oph i c condi t ions are unl i kely to deve l op 

in the ou t her area s of Laucala Bay or Suva Ha r bou r in the immediate 

futur e . It may be no t ed tha t optimum di s s o l ved n i t rogen concen t r ations 

fo r the g r owth of s elected alga spe c i e s have been mea s u r ed as 1- 2 mi c ro­

mol es per l i t r e . I n mos t of Laucala Bay and Suva Harbour , di ssolved 

ni t rate and phos phate are limiting factors t o primary p r oduc tion and 

increas ed sewage input wi l l increase p rima ry producti on. 

The other r ole of natural wate r systems f or the d i s pos al of human 

sewage i s t o r educe t he concen tration of pa thogeni c bacteria to 

i nsignifi cant leve ls . Determi nat ion of pat hogenic ba c t e r i a r equi r e s 

s pecial i zed medi c a l microb i ologic a l l aboratory . Ba c t eria of the 

Bacillus col i group are normal inhabi t ant s of the intestinal t r a c t of 

warm- bl ooded animal s . Unde r normal conditions t hey do not multiply 

out s i de of t he ani mal body . The p r e s ence of such bac t e r i a i n wat e r 

may ac cordingly be c ons i de r ed ev i dence t ha t t he water has been 

pol l uted wi ,t h t he intes tina l d i scharge of a hi gh e r animal . The numbe r 

of such bac t e r i a p r es ent is a f air i ndex of the degree of this pollu t ion . 

As almos t al l dise as e vec t or s whi c h a r e c ommonly t ransmitt ed through 

wat er supplies (such as choler a and typhoi d ) a r e d ischar ged f r om the 

i n t es t i ne s of inf ected pe r s ons, t he p resenc e of c o l i form bac ter i a is 

used un iversal l y a s a measure of t he potent i al pr esence of pa t hogen i c 

bactepia . 

Gener ally accepted heal t h standards f or dri nk i ng water a re a 

coli f orm dete rmina t i on of less t han one pe r 100 mI . The t est however i s 

a sta tistical one and an al t e rnate pres ent a t i on is t hat l es s than 10% 

of 10 ml s amples shou l d y i eld a positive t es t f or c o l i f orm ba c t e r i a . 

Wher eas i t may be argued t hat some col i f orm ba c t e r i a may not be of 

feca l orgi nal , t he pr esen t standard is readi ly ach i eved in a soundl y 

operat ed modern wa t er supply syst em. 
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whereas coliform s tandards for drinking wat e r are gene ral l y a ccepted, 

t hos e for water a s s oc iated wi t h s he l l f i sh i ng , swi mming , food produc t i on , 

and i r riga t i on a re not . The u s e of coliform bacteria as a water quality 

criter i a i n these cases i s ope n to deba t e . The United St a t e s Publ ic 

Health Se rvi c e Manual of Recommended Pracit ce f or She l l f i sh defines 

approved wate r s as those hav i ng an ave r age coliform most probable numbe r 

of l es s than 70 per 100 mI . Pr oh i b i t ed wa t e r s are those having coliform 

!V1P1"v1 greater than 700 per 100 m.l , 

Most i llne s s connec t ed with swimming i s polluted waters are associ a ted 

wi t h eye , ear , nose and thr oat ai lments. The use of coliform ba c t e r ia 

as a quali ty criteria i s t hus furthe r ope n t o que s t i on . However , va r ious 

au t horities i n the United St a tes ha ve r ecommended average val ues not t o 

exceed 1000 pe r 100 ml, with values above 1000 per 100 ml i ndicating t he 

wat e r is unsuit ab l e f o r bat hing purposes . Similarly , mean val ues f or 

col i f orm bac t e r i a of l e s s t han 5000 per 100 ml a r e r ecommended for wat e r 

us ed in irr i ga t i on , a lthough i nd i v i dua l values may exceed t h i s Ijmit . 

From Tab les I and II it may be s een that mos t wa t ers of Laucalq. Bay 

and Suva Harbour meet r ecommended coliform recreation standards . Howeve r , 

onshor-e area s generally i n vic i n ity of t he entry of r i ve r s and c r eeks 

are no t within the s tandar ds accepted by s ome author i t ies . 

CONCLUSI ON 

Res i dent i a l deve l opment doe s not appea r to be c ont r i but i ng a s i gni ­

f i cant pol l ut i on f act or to oute r waters of Laucala Bay and Suva Harbour . 

All natura l water courses survey ed as par t of t h is study show s i gni f i cant 

mic r ob i ol ogical and nutrient contamina t i on , p robab l y f rom septic t ank 

run-of f . The r esu l t s of" t his s tudy wi l l sugge s t t ha t t otal s eptic tank 

run- of f is a more s ignifi cant f actor as a cont ribut i on t o tot a l mic r o­

b iol ogical and nutr i ent po l l u tion t han the c oncentrat ed s ewage dis char ge 

po i nts . I t may be no t ed tha t coli f o rm bact eria and nut r i ent conc en t r a t i ons 

a r e as great above t he Ra i waqa s ewage outlet on t he Vatuwaqa Ri ve r as 

thos e downs t r eam at t he Fle tche r Road Br i dge , whe r eas ave r age values i n 

Nubuka l ou Creek we r e i n excess of both of the s e poin t s . 
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 TABLE I 

I 
COLI FORM BACTERIA CO UNT 

Most Probab l e Numbe r (MPN) per 100 ml 

LAUCALA BAY LvlPN 
'100 ml 

Outer r eef f ront 0 -1 

Inner r eef front o - 10 

Middle waters o - 100 

Wi t h i n 50 m s hor e 10 - 5000 

50 m Ki noya e f f luent outle t 10 - 1000 

Va tuwaqa River mou t h 1000 - 100 , CX)() 

Vatuwaqa River - above 

Raiwaqa effluent out let 100 , 000 - 1 ,000 , 000 

~ivatu drai nage outlet grea t e r t han 1, 000, 000 
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TABLE II 

COLI FORNI BACTERIA COUNT 

Mos t Pr obable Numbe r ( ~PN) per 100 ml 

SUVA HARBOUR 

100 ml 

Outer r eef f ront 0- 1 

Inne r reef front ° - 30 

Middle wat e r s 10 - 1000 

stinson Parade Land ing 150 - 1000 

50 m s ewage discharge 1000 - 12 ,000 

Nubukalou Creek-mouth 10 ,000 - 100 ,000 

Nubukal ou Creek - Greig Stree t 
f ootbr i dge 10 ,000 - 1 , 000 ,000 

Lami Ri ver - mou t h 1000 - 10 ,000 

Naves i River mouth 100 800 

Tamavua Ri ver - mouth 2, 000 - 12 ,000 



TABLE III 

NUTRIENTS 

NI TRATE, TOTAL ~~ONIA AND PHOSPHATE ( SOLUBLE I NORGANI C) 

- . 
LAUCALA BAY NITRATE TOTAL AM\10NIA PHOSPHATE 

mic romoles pe r lit r e 

Outer' r-eef' front 0 . 05-0 . 1 o - 0. 1 o - 0 . 0 5
 

I nne r r eef front 0 .05-0. 2 o - 0.2 o - 1.0
 

Middle waters 0 . 1 - 0 .3 o - 0 . 5 0 . 0 5 - 0. 2 

With i n 50 m shore 0. 1- 1. 0 0 . 1 - 2. 1 0 . 0 5 - 0 .3 

50 m from Kinoya 
out l e t 

effl uent 
0.2- 5 . 0 0.1 - 0 .9 0 . 1 - 1. 0 

Vatuwaqa River - mout h 1. 0 - 35 .0 6 - 45 0.3 - 3.3 

Vatuwaqa River - above 
efTluent out l e t 

Rai waqa 
40-57 36 - 50 2 . 1 - 3.4 

~Uani vatu dra i nage .ou t l e t 25 700 



TABLE IV 

NUTRI ENTS 

NI TRATE , TOTAL AMMONIA AND PHOSPHATE ( SOLUBLE INORGANI C) 

SWA HARBOUR NITRATE TOTAL AM.YIONIA PHOSPHATE 

micr omole s per litre 

Outer reef front 0. 1 0. 2 o - 0. 1 0 0.5 

I nner r e e f fron t 0.1 - 0. 2 o - 0.2 0 ..,.. 0 . 1 

Middle wa t e r s 0. 1 - 0. 2 0. 1 - 1. 3 0. 0 5 - 0 . 2 

St inson Pa r ade Landing 0.3 - 5 . 0 0. 1 - 1. 2 0 . 0 5 - 0.2 

-
50 m from s ewage discharge 0. 1 - 0. 5 0.3 - 0.9 0. 15 - 0 . 3 

Nubukalou Creek - mou th 8 - 20 5 - 12 1. 7 - 2 . 5 

Nubukalou Cr eek - Grei g St r e e t 
f oo tbr i dge 90 - 150 34 - 85 4 - 11 

Lami River - mouth 0. 1 - 2 . 0 0.6 - 2 . 0 0.1 -0 .4 

Naves i River - mou t h 0 . 2 - 0.7 0. 2 - 0. 7 0 . 1 - 0. 2 

Tama vua Rive r - mouth 0.2 - 0 . 9 0.5 - 1.9 0 .1 - 0.3 
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