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TownsvillekThuringo’wa  Water ‘ A u t h o r i t y :

Case studies of severe eutrophicati’on  problems throughout Aus’tra-
1 i:a (AEC  R e p o r t No. 19,1987) c l e a r l y imp1  icate blue-green
algae.Proliferati,on  o f these algae in water can cause nuisance
odours, toxins i n the water, f i sR kills(Putnam  a n d
Hai,n,l980),alterations  t o the planktonic community (Murphy et
a1.19761, &d m o r e  r e c e n t l y  m o b i l i s a t i o n  o f  t o x i c  m e t a l i o n s  i n
i nstiore waters of  the  Great  Barr ier  Reef  Lagoon(GBRL) ( J o n e s  e t
al, 1982; Jones et al.l986;Jones,1986;Jones,l987a,b;Jones a’nd
Thomas, i r, press).CJverseas t he increased occurqence o f
phytoplan’ktonic blooms  in Hong Kong has reached a l a r m i n g
proport i on5 recently,such that the Etivironmental P r o t e c t i o n
‘Departmet, t i s conv i riced that p o l l u t i o n  i s the cause,and
l e g i s l a t i o n to improve water qua1  ity is underway.Extensive red :
t ides of plankton ir1  ‘the Seto,Inland  Sea in Japan are attributed
to’ sewage input (Okaichi,  1987).

My interes t  in  n u t r i e n t  i n p u t s in Cleveland Bay stems from my
ear l ier PhD stud i es i n v o l v i n g  t h e  e f f e c t s  o f  Itirh&esmiUm
b l o o m s  .on toxic metal ions in the bay and my p r e s e n t ,  p o s i t i o n
with ,t.he  Townsvi 1 le City Counci 1. blooms of this blue-green a l g a e
,are s o  p r o l i f i c  i n  c e r t a i n  r e g i o n s  o f  t h e  reef,artd e f fec t  inshore
water5 f o r m a n y months that in my view a p o t e n t i a l l y s e r i o u s
,envi,ronmental  t h r e a t  e x i s t s  f r o m  t h e  i n t e r a c t i o n  o f  t h e s e b l o o m s
and pollutant input (Jones, 1987b)  .This potential t h r e a t  i s
inextricably 1 inked with organ i c rn,at ter exud i ng from i n s h o r e
Lrithctdesmiucu  f  ilaments.This  o r g a n i c  m a t t e r  b i n d s  t h e  e l e m e n t
i ran extremely efficently(Jones  a n d  Thomas,l988a,b).The extent
of. these blooms in the GBRL is slohly  being reali’sed (Kuchler  ‘and
Arnold,i986)  ;Of  t h i r t y o n e  r e t r o s p e c t i v e  Landsat images taken
dur  i ng Nove1nbe.r and December 1980-84 a n d 1972, thirteen ‘had  :
captured rn,ass  i ve surf ace blooms.This represented a temporal
occurrence of 4 1 . 9 3 %  o f the t o t a l sample.Spatial ly eat  h
bloom(with  o n e  e x c e p t i o n  c o v e r e d  m o r e  t h a n  5 %  o f  t h e  3 4 , 2 2 5  s q . k m
o f ‘area’ skmpled  (171 lsq. km) . Four processes are high1 ighted,which
in conjunc,tion  withLri&iQdes.uQ-um  blooms could cau5e s e r i o u s
environmental dareage  to the reef (Jones, 1987b)  .These are; ”

(1)  Inpbt  o f  sedi.mertt  f r o m  t h e  erosian o f  s o i l  o r  sandmin<ng.Such  ,‘,
processes, i ri CO~ljUtICtiori with LricL~PeEimi~m ,blooms a r e
potential ly capable of mobi  1 ising  metal ions.

(2) ,The interaction of sewage and IriLhQdesmium  bl’ooms will
mobi  1 ise metal ions.

(3)  T h e e f f e c t s  o f dredg i ng and Lrichc&~~i.~m b l o o m s  i”
p o t e n t i a l l y  c a p a b l e  o f  m o b i l i s i n g  m e t a l  i o n s .

(4) T’he,  inpu’t  ,of r n e t a l  w a s t e s  i n t o ,  t h e  G B R L  c o u l d  h a v g  f a r  g:reater :,
i m p a c t  i n  t h o s e  r e g i o n s  wherel~irhndesmi~m  b l o o m s  o c c u r .

,,  ”
, I ,

‘C,
,,,

.,
/,,’

,‘.



-154-

Al though 1 i t.t  le rprrJr,k  has been carr ied o u t  o n  t h e  charactrrisation
of this mar i tie hUrnUS  We are able to say;

(1) The bu 1 k of the mar i ne humus is produced f ram 1Lirhndarm.i~~
inshore. The process seems  to be predominantly a t-1 INSHORE

PHENOMENON.

(2) The marine  humics frorn JrirhQPesuiu  are more soluble than
t h e i r t e r r e s t r i a l c o u n t e r p a r t s  i n t r o d u c e d  into t h e  s e a  in -the
monsoonal season,and  pers ist  i n  coastal  waters at  Townsvi l le  f o r
many months(Jones et a1.1982).

(3)  The  mar ine  humus  exudittq  from the f i laments exhibits high  UV
absorption and f luorescence,  and chelates iron in s e a w a t e r  t o
l e v e l s  o f 5%,an  ‘enrichment factor of 45 million over seawater
iron l e v e l s .  I t  i s be1 ieved that t h i s f a c t has considerable
environmental s iqni f  icance in those regions of  Austral ia where
t h i s a lgae accumulates,and in regions of  Austral ia where this
algae has accumulated in the past (McConchie,  1987).

14) Althouqh this rharihe humus causes marked enrichment in the
toxic meta l  ions cadmium,nickel ,and lead,it  also mobil ises these
toxic ions to more avai l ible f o rms  to marine l i fe .This material
i s t h e r e f o r e  capab le  o f  interferinq  with the natural scavenging
process that removes metal ions in the sea.

(51  This marine humus is taken up by the branching coral &CLQQQk~

fnLm9sa i n  t h e  laboratory,prior  t o  spawninq.Unexposedfi,&Q~m~~~
did not spawn.

---

Al thouqh what I have described af fects  trace and tox ic
metal i on5 -1 bel ieve this  p r o c e s s  wi l l a lso a f f e c t nutrients
which are a d s o r b e d  t o co1  loidal part ic les and suspended
sediments.An interestinq p a p e r ,  which i l lustrate5 how effective
organic material ca.n  be i-n c.atising  serious environmental problems
espec ia l ly eutrdphicat  idn i s the work o f
al (. 1976). ‘During

M u r p h y  e t
an invest iqat ion i n the B a y  o f Quinte,a

eutrophic bay,on ,the northern shore of Lake Ontario it was found
that during ‘blue-qreen algal blooms of&&aetliaandScm&ews
other algae c&-l  be completely suppressed.These  workers concluded
t h a t  t h e  abi l i ty  of  b lue-green a lgae t o  s u p p r e s s  o t h e r  a lgae can
ue d e t e r m i n e d  b y  t h e availiblllty o f  1ron.Iron  deprlVatlOn
induced the production of hydroxamate chelators,which-  were the
agents suppressinq  other algae.These  authors concluded that the
avai l ibi l ity of  iron may be an important factor in determininq
the stabi 1 i ty and composition of acquatic  ecosystems.A diagram
depict ing how excess P increases the nitrogen budget of natural
w a t e r s  f r o m  t h e  activit ies  of  b lue-qreen algae is  shown in Fig 1.
This c lear ly demonstrates h o w  i m p o r t a n t  i t  i s t o  c o n t r o l  P
ernrn i 5s i ons to our env  i ronmen t (Water Pol lut ion Control
Federation, 1983).



I n  a s s e s s ing  man -made  P i npu t s  t o  C l e v e l and  Bay  i t  i s  i m p o r t a n t  t o
,real ise that natural i n-pu  t s a l so occur.Natural  i n p u t s  i n c l u d e ;
mangroves; anox  i c

Jiirbsdasmidm
yed  imen  t-s, f reshwatei. ‘r,unof.f  ,groundwater  intrdsions,

blooms,su’spendefl sedimerfts.Man-made  iriputs  ,include
$ewag& d i sc’harge, agr’icu 1 tural., r u n o f f ,  s t o r mwatei. ruJ4of  f , animal

h u s b a n d r y (eg.acquaculture), t o u r i s t  d,bvelopment. I n  m y ’ w o r k  i n
Cleveland Bay I will be c o n c e n t r a t i n g  o n ’ thr?e  areas. (1)  Sewage,,
Dischar,ge. (2,)Freshwater  Runo f f  I (311Lirbndgsmium  inpu t  a n d  t r y i n g
t o  a s s e s 5  t h e  s i g n i f i c a n c e  o f  e a c h .

Trea tmen  t o f Townsv i 11 e and Thur  i rigowa’  s waste water takes
p l a c e at  t h e  Mt St  John  a n d  Boh l e  s e w a g e  trearnent  p lants  to the’
WQS  t o f  the  city,At  p r e s en t  on l y  25% o f  ou r  t o t a l  was t ewa t e r  i s
treated  a t these plants.,The rerna  i n i ng wastewater (75%) i s
discharged untreated into Cleveland Bay at Sandf ly  Creek.

The Bohle p l a n t  i s  q u i t e  s m a l l  t r e a t i n g  e f f l u e n t f r o m  a
p o p u l a t i o n  o f about 1C~OO people and some i n d u s t r i e s  i n t t i e

area. Treatment of w a s t e w a t e r  a t ‘Mt.  St John is by primary
sedirnentation,secondary  t r ea tmen t  by  b i o l o g i c a l  filters,sediment-
ation,sludge  d i g e s t i o n  a n d  f i n a l l y  e f f l uen t  discharge.The  e f f l uen t

fr,om  t h e  p l a n t  i s  d i s c h a r g e d  b y  g r a v i t y  t o  a perrnanen t channel
cf ,the  western b o u n d a r y  o f the Town Common,which is connected
directlly  t o  a  tributa,ry  o f  t h e Boh l e  River.These plapts h a v e  a

1 i ce’nce to discharge e f f l u e n t  o f a  20:30 qua1ityti.e.  20  BOD,
30  suspended solids) .Overall  85-90% of the BOD and 90%.  ,’ o f  t h e
suspended sol ids are removed.At  Magnetic Island sewage treatment
i.s b y  a n  e x t e n d e d  ae ra t i on  p l an t  a t Nel ly Bay .  In  Thuri.ngowa  Ci ty
sewage wi 11 s o o n  b e  t r e a t e d  a t C o t-1  d o n by an extended aeration
plant and wi 11 process e f f l u e n t  f r om 10 ,000  peop l e .

H i s t o r i c a l l y raw sewage ha5 been d i s c h a r g e d  i n t o Cleveland
Eay si rice 1940,primarily  at the mouth of the Ross Estuary.This
o u t l e t  w a s  c l o s e d  i n  1986.Frorn  December  1963  raw  e f f l u en t  s t a r t ed
to be d i 5charged  f ram Sarrdf ly  Creek.In  a few months the Cleveland
Bay Puv  if ication  Plant (CBPP)  wi 11 be commissioned to t r e a t raw
sewage’ f rum the Western Suburb5 Scheme.  This sewage scheme was
cons t rut  tqd from the  m id  1950 ’ s  tp t h e  r n i d  1976’s,and s e r v i c e s
m a i n l y  r e s i d e n t i a l  suburbs.This  e f f l u e n t ,  w i l l  be ,  used ,  by Co1  int&
Ho 1 d i nqs;. Pty  L t d  f o r  i r r i g a t i o n  a n d  p a s t u r e  improvement.Effluent  ;
from tr,fl Eastern Suburbs Scheme wi 11 not be treated f o r some
years since more development is needed at the CBPP(McInt,yr? and
Assoc i a t e s ,  1987 ) .
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The overal 1 treatment proces5 a t t h e  CBPP  i s  i d e n t i f i e d  a s
the PASSAD  P r o c e s s .  The process incorporates e s s e n t i a l l y two
separate and i ndependant  treatment  operations as f ol lows.

PAS-  Pr imary Activated Sludge,lbaded  with raw sewage in the high
to very h i g h  b i o l o g i c a l  l o a d i n g  range,to p r o d u c e  a n e f f l uen t
s u i t a b l e f o r outf al 1 discharge and a waste sludge requirinq
f u r t h e r  t r e a t m e n t .

SAD-Secondary Anaerobic Digestion including pre-thickening and
p o s t  dewaterinq,to  s t a b i l i s e  t h e  w a s t e  act ivated  s ludge  f r om the
P A S  process,with  f i n a l  l a n d  disposal  o n  site.At  p r e s e n t  t r e a t m e n t
wil l o n l y  i n v o l v e  t h e  p r o v i s i o n  of  PAS fac i l i t ies  for  f lows  f rom
the Western Suburbs, and ef f luent qua1  i ty will be 50/60
quality.When t h i s plant is in operation the e f f l uen t
c h a r a c t e r i s t i c s wi l l change with the v o l a t i l e f a t t y a c i d
f r a c t i o n  i n c r e a s i n g .

The CBPP has the highest discharge(30  meqalitres/day),followed
by Mt St Johti(lO.5)  and a small discharge from the Bohle Plant
(0.15). Total.
t h e r e f o r e . -  in

d a i l y  d i s c h a r g e  o f wastewater to Cleveland Bay is
e’xcess o f 40 .65  megalitres/day.In  o r d e r  t o 9et

some idea o f  t h e  q u a n t i t i e s  o f  o r t h o p h o s p h a t e discharged i n t o
Cleveland Bay I  have  decided  to  take  the period 1974-86,since
t h i s  s h o w s  a  hicjh  and -low  f r e s h w a t e r  i n p u t  c y c l e .

Total freshwater r u n o f f f o r the Ross River catchment from
1 9 7 4 - 8 6  t o t a l s  1,103,192  meqalitres(QWRC),whilst  sewage  d ischarge
f o r the same period was 178,047 meqalitres.Sewage  discharge was
t h e r e f o r e 1 6 %  o f freshwater discharge during t h i s 12 y.ear
period.From 1981-86  however sewage discharge comprised all of the
d i s c h a r g e  t o  C l e v e l a n d  Bay.This  a l t e r n a t i n g  c y c l e  o f wet/drought
can obviously a f f e c t the marine coa5tal r e g i o n s  t o varying
degrees.

Al though P  d i s c h a r g e  a t Mt  S t  J o h n  i s  h i g h  t h i s discharge
is buffered from the marine environment by the Bohle Estuary a n d
the s u r r o u n d i n g  l a g o o n s  w h i c h  h a r b o u r  p r o l i f i c  b i r d  life.In t h i s
d i s c u s s i o n  I  w i l l  c o n c e n t r a t e  o n inputs at Sandfly Creek s i n c e
f lows are s u b s t a n t i a l l y higher than the other p l a n t s , a n d  n o
bu f fe r i ng takes place.Based on a concentration of 6 mq/l  of
orthophosphate i n raw sewage at Sandf ly Creek total i n p u t  o f
dissolved orthophosphate for the twelve  year  per iod  to ta l s  788 .4

i
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tnetr ic to~~s.Appr~oximatel.~ 110 metr  ic ton5 of dissqlved’
orthophosphate is as t c e t-l de1  ivered to C 1 eve.imand Bziy fr+n
freshwater d i sck:,,-ge.  This i s based on a freshwater concentrat  i oh
o f 100  ug/.i  of d i s s o l v e d orthophosphate.Man-made, input of

.dissoived
f kekhwater

,orthophosphate t h e r e f o r e  e x c e e d s  natu,kai  i npu ts from
discharge ,by: a  factor,of  w e l l  o v e r  7  t i m e s ,  t#hat  o f  ‘i

natural sources,since  we have not considered inputs from d i f f u s e
sources, and the other two piants;Totai P  e m i s s i o n s :  ‘from
wastewater are obviously much higher than’ ttie5e f igures since,
orthophosphqte  i n wastewater is  a b o u t  5 0 %  o f  t h e  total  P levels .
C lear ly w i t h the commissioning of the CBPP P  e m i s s i o n s  w i l l
reduce to Cleveland Bay, and the overal  1 qua1  i ty of wastewater
discharged into the bay will dramatically improve.

In assoc i at ion with Dr Peter Isdale  a n d  Dr Kevan
Bbto(AIMS) I  a m workinq on the above project.This p r o j e c t  i s
suported by the Austral ian Water Resources A d v i s o r y
Council(AWRAC) and AJ’MS  u n d e r  t h e Partnership Programme of
AWRAC. In addition to the valuable runoff  data for the Ross Dam
i-eqion the analysis of the chemical signatures laid down in the
coral matrix should be of  great value as indicators of  I past
event5 in Cleveland Bay,especially  e v e n t s  t h a t  relate to nutrient
input.Core material from Geoffrey Bay is being processed at the
moment for’ P,but other poi lutant element’ analys is a r e
planned.This  core  wi l l  provide kecords going back to 18’14.
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ROLE AtiD  IMPACT OF NUTRlENTS

EXCEU3  P-

)‘I(;LIHE  ,I: D&gram  de’picling  h o w  exceta  phocphoruv  increutier; nitrogen
bu~gul ul neturcrl  wulerv et14 Iroo~cnr;  eutrophicatiun.
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