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ABSTRACT: Most estuaries receive a high heavy-metal input from industries. This is reflected in 
the relatively high levels found in numerous estuarine organisms and in sediments. Many indi- 
cators have been suggested for facilitating the detection of heavy-metal pollution, but the problems 
in using these indicators to evaluate the metal loading of estuaries are considerable. Variations in 
species composition, and conditions at different sites, differences in season of sampling, and age of 
organism, as well as different metal levels in different parts of the organism, make the interpreta- 
tion of results difficult. The levels reported here, similar to those in other unpolluted estuaries, have 
been used to suggest a baseline concentration for heavy metals in estuaries. The concept of a 
baseline is fundamental to the formation of a "Biological Quality Index" and "Pollution Load 
Index," and a formula for such an index is suggested and tested at a preliminary level against 
published data for an English and a European estuary. 

INTRODUCTION 

Inferences d rawn from the results of  pol lut ion studies in any env i ronment  presup-  

pose both a k n o w l e d g e  of the original ,  unpol lu ted  state of that  env i ronment  and 

k n o w l e d g e  of the extent  of the natural  background  changes  that  would  have  occurred in 

the absence  of the pol lut ion in quest ion.  Such a lack of base l ine  information has 

h a m p e r e d  studies of pol lut ion in many  British and European  estuaries.  

The Irish Republ ic  is in a re la t ive ly  fortunate posi t ion in this respect  in that, hav ing  

both a low popula t ion  (< 4 million) and low leve l  of industrial isat ion,  many  Irish 

estuar ies  remain,  for the most  part, free from large-sca le  pollution.  

The  information p resen ted  in this paper  der ives  from a study by the Irish Estuaries 

Research Programme,  an in terdisc ipl inary  t eam employed  to inves t iga te  the pol lut ion 

status of estuaries  a long  the east  coast of Ireland, the major  ones of which  are shown in 

Figure  1. 

SOME PROBLEMS IN MEASURING HEAVY METALS IN ESTUARIES 

T h e  w a t e r  c o l u m n  

A number  of problems become  immedia te ly  apparen t  in a t tempt ing  to measure  

heavy-meta l  levels  in the water  column. Firstly, meta l  concentrat ions are normal ly  very  
low (ppb) and thus difficult to measure  accurate ly  wi thout  sophis t icated e q u i p m e n t  or 
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Fig. 1. Map of Eire showing major east coast estuaries 

the  use  of o rganic  solvents  to concent ra te  them from la rge  vo lumes  of water .  Secondly,  
me ta l  leve ls  in this  phase  are  transi tory,  va ry ing  wi th  the leve l  of f resh-wate r  inflow, 
t ida l  state,  longshore  drift and  w a t e r  and  s e d i m e n t  chemistry,  as we l l  as o ther  factors, 
such as w a t e r - s e d i m e n t  mix ing  as a consequence  of wave  act ion dur ing  storms and  
gales .  

Consequent ly ,  to der ive  mean ing fu l  informat ion  from the wa te r  co lumn f requent  
s a m p l i n g  th roughout  the  t ida l  cycle  and  th roughout  the yea r  is necessary .  The combina-  
t ion of the  r equ i r ed  s a m p l i n g  f requency  and  p rob lems  of ana lys is  m a k e  such inves t iga-  
t ions expens ive  in  bo th  chemica l s  and  t ime,  and  in our  inves t iga t ions  were  cons ide red  to 
be  uneconomica l .  

T h e  s e d i m e n t  

A n u m b e r  of factors, m a n y  u n k n o w n  or unquan t i f i ab le ,  affect the  d is t r ibu t ion  of 
meta l s  b e t w e e n  the  s ed imen t  and  the wa te r  column.  The total  me ta l  content  of sedi-  
ments  often fails  to ref lect  its ava i l ab i l i t y  to the  aqueous  phase  and  consequen t ly  to 
much  of the  es tua r ine  biota.  It is the  e x c h a n g e a b l e  me ta l  fract ion ra ther  than  the total  
which  f requent ly  needs  to be  k n o w n  for the  eva lua t ion  of ava i lab i l i ty .  
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The amount  of e x c h a n g e a b l e  me ta l  he ld  in the  s ed imen t  is affected by  m a n y  factors. 
These  inc lude :  (a) Part ic le  size - in  gene ra l  the  f iner  the  s ed imen t  the  g rea te r  the  
b i n d i n g  capaci ty .  (b) Levels  of pa r t i cu la te  and  d i sso lved  organic  m a t t e r -  this  m a y  occur  
na tura l ly  or be  in t roduced  as s e w a g e  by  man;  and  its p resence  and quan t i ty  wi l l  
d i f ferent ia l ly  inf luence  the  b i n d i n g  of meta l s  wi th in  the  sediments .  Thus Murray  & 
M e i n k e  (1974} demons t r a t ed  r e d u c e d  adsorp t ion  for cobal t  and  c a dmium and  i nc r ea sed  
adsorp t ion  of zinc in the  p re sence  of organic  matter .  In genera l ,  as the  concent ra t ion  of 
organic  ma te r i a l  in  the  s ed imen t  dec reases  towards  the mouth  of an es tuary  so also does 
the  concent ra t ion  of metals .  Such a t rend  has  b e e n  c lear ly  demons t r a t ed  in the  Liffey 
es tuary  d i scha rg ing  into Dubl in  Bay. (c) p H  - changes  in pH, e i ther  local ly  wi th in  the  
s e d i m e n t  or in  the  wa te r  co lumn where  fresh wa te r  (pH 6-8) comes  into contact  wi th  
s eawa te r  (pH 8) wi l l  d i f ferent ia l ly  affect absorp t ion  of h e a v y  meta l s  by  sediments .  (d) 
Sa l in i ty  - the  effect of sa l in i ty  in te r re la tes  wi th  that  of pH in the  de t e rmina t ion  of me ta l  
so lubi l i ty  (Murray & Meinke ,  1974). (e) Redox - the  d is t r ibut ion  of meta ls  b e t w e e n  the 
s ed imen t  and  wa te r  co lumn is different  unde r  anoxic  and  oxyge na t e d  condi t ions,  
e spec ia l ly  in  the  p resence  of su lphide .  Thus copper ,  zinc, i ron and  mercury  form 
inso lub le  su lph ides  wh ich  w o u l d  t end  to be  b o u n d  in the  sediments ,  and  wh ich  might  be  
r e l e a s e d  into the  wa te r  co lumn upon  oxygenat ion .  

De Groot et al. (1976} and  Duursma (1976) have  comprehens ive ly  r e v i e w e d  the 
factors affect ing the  b ind ing  of h e a v y  meta l s  wi th in  sediments .  Never the less ,  if one 
recognizes  the  l imitat ions,  m e a s u r e m e n t  of h e a v y - m e t a l  content  in  es tuar ine  sed iments  
p rov ides  an  approx ima te  ind ica t ion  of the  po l lu t ion  status of the  estuary.  

T h e  f a u n a  

The use of ben th ic  fauna  as indica tors  of h e a v y - m e t a l  con tamina t ion  is we l l  es tab-  
l i shed  (Bryan, 1968, 1971, 1973). Spec ies  commonly  used  inc lude  tittorina sp., Patella 
sp., Mytilus edulis, Scrobicularia plana, Macoma sp., Nucella sp., and  Nereis sp. Al l  
these  o rgan isms  m a y  concent ra te  h e a v y  meta l s  up  to severa l  t housand  t imes  the  
concent ra t ion  in  the  wa te r  co lumn (see Bryan & Hummers tone ,  1977). Therefore,  provi-  
ded  sufficient  ma te r i a l  can  be  col lected,  h e a v y - m e t a l  concentra t ions  can be  eas i ly  and  
accura te ly  es tabl i shed .  In some ben th ic  molluscs,  however ,  seasona l  var ia t ions  in me ta l  
content  have  b e e n  e s t ab l i shed  (Bryan, 1973). The  ver t ica l  locat ion of such organisms  on 
the  shore has  also b e e n  shown to in f luence  m e a s u r e d  me ta l  concent ra t ions  (Nielsen,  
1974; Phil l ips,  1976). In most  species ,  different  me ta l s  a re  d i f ferent ia l ly  concent ra ted;  
var ia t ions  are  d e p e n d e n t  upon  the size of the  o rgan ism (Boyden, 1977) or the  species.  
The me thod  of f eed ing  is also impor tan t  (Pentreath,  1973; Schu lz -Ba ldes ,  1974; Phil l ips ,  
1976). Thus me ta l  leve ls  in Thais lapillus (a carnivore  f eed ing  on Balanus balanoides), 
Littorina littorea (a herb ivore  f eed ing  on Pucus), and  Mytilus edulis (a fi l ter feeder,  
f eed ing  on phy top l ank ton  and  par t i cu la te  matter)  wi l l  a l l  differ from each  other, and  
from the a lgae ,  in wh ich  the bu lk  of the  me ta l  l oad ing  is a b s o r b e d  d i rec t ly  from solut ion 
(see Phil l ips,  1979). Presence  of meta l s  in the  gut  also creates  diff icul t ies  and  necess i -  
ta tes  up  to th ree  days  incuba t ion  in  me ta l - f r ee  sea -wa te r  to a l low evacua t ion  of gut  
contents  before  ext rac t ion  can  proceed .  Phi l l ips  (1979) has  sugges t ed  that  to ob ta in  an  
accura te  r ep resen ta t ion  of me ta l  leve ls  in  par t i cu la r  areas,  the use  of severa l  ind ica tor  
o rgan i sms  is des i rab le .  In in te rcompar i sons  of severa l  es tuar ies ,  only  a few common 
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Table 1. Preliminary base levels for heavy metals in Fucus sp. and Mytilus edulis for east coast of 
f i re .  Mid-sections of algae were washed in distilled water, and Mytilus edulis (shell lengths 
52-57 mm) collected mid-shore in mid-winter, was incubated in clean sea-water for 72 h prior to 
analysis. Both Fucus and Mytilus were dried at 80 ~ to constant weight  and the metals were 
extracted using hot concentrated HNO3, and metal  levels were determined by atomic absorption 
spectroscopy. All results are expressed on a dry weight  basis. Values given are means with standard 

deviations (s.d.). Figures in brackets indicate the number of samples analysed 

Element Fucus sp. Mytilus edulis 
fig g-1 s.d. /~g g-1 s.d. 

Cd 0.5 0.2 (13) 0.6 0.4 (7) 
Co 0.7 0.2 (13) N.D. 
Cr 0.4 0.1 (12) 0.3 0.2 (7) 
Cu 3.8 0.4 (24) 7.0 0.5 (8) 
Fe 53.0 17.3 (17) 231.0 54.0 (7) 
Mn 45.0 9.0 (19) 8.0 2.1 (7) 
Ni 1.2 0.4 (15) 1.0 0.2 (7) 
Pb 1.3 0.7 (20) 10.0 2.2 (7) 
Zn 73.7 7.3 (24) 68.0 9.1 (8) 

s p e c i e s  a re  o f ten  p r e s e n t  in  su f f i c ien t  n u m b e r s  to p r o v i d e  a c c u r a t e  m e a s u r e m e n t s  of 

m e t a l  l eve l s ,  a n d  it  is c o m m o n  p r a c t i c e  to res t r ic t  co l l e c t i on  to such  spec i e s  ( G o l d b e r g  et  

al., 1978). 

D e s p i t e  such  l imi ta t ions ,  t h e  e s t u a r i n e  f a u n a  p r o v i d e s  a v a l u a b l e  i n d i c a t o r  for m e t a l  

po l lu t ion .  B a s e l i n e  v a l u e s  for s e v e r a l  m e t a l s  in  Myti lus  edulis h a v e  b e e n  e s t a b l i s h e d  for 

t he  eas t  coas t  of I r e l a n d  (Tab le  1) a n d  w e r e  d e r i v e d  s i m p l y  by  r a n k i n g  s a m p l e s  in  o rde r  

of m e t a l  c o n t e n t  a n d  t a k i n g  t h e  m e a n  of t he  l o w e r  25 0/o of t he  s amp le s .  

T h e  f l o r a  

Ben th i c  i n t e r t i da l  a l g a e ,  p a r t i c u l a r l y  t he  l a r g e r  spec i e s  such  as Pucus sp. a n d  

Porphyra sp., a re  p o s s i b l y  t he  m o s t  c o n v e n i e n t  o r g a n i s m s  in  w h i c h  to m e a s u r e  h e a v y -  

m e t a l  l eve l s .  T h e y  a re  s ta t ionary ,  e x t r e m e l y  c o m m o n ,  c a n  be  ea s i l y  r e c o g n i z e d ,  occur  

Fucus vesiculosus 
Fucus spira[is 
Fucus serratus 

Fig. 2. Cu concentration in Fuc~s vesic~losis, P. spiralis and F. sorratus collected from approxi- 
mately the same position on the shore at Arldow (Eire) 
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wi th in  w e l l - d e f i n e d  zones  on the  shore, and  concent ra te  meta l s  by  a factor of up  to 104 
(Preston et  al., 1972), wi th  me ta l  load ings  normal ly  d i rec t ly  p ropor t iona l  to the  concen-  
t ra t ion of so lub le  me ta l  in  the  s ea -wa te r  (see Phil l ips,  1979). Unl ike  the  macrofauna,  
there  appea r s  to be  no di f ference in me ta l  content  wi th  the size of Fucus (unpub l i shed  
data)  and  F. spiralis, F. vesiculosus and  F. serratus w h e n  col lec ted  from a pp rox ima te ly  
the  same pos i t ion  on the shore show no s igni f icant  d i f ferences  in  the i r  me ta l  leve ls  (Fig. 
2). However ,  me ta l  leve ls  in  different  par ts  of the a lga l  tha l lus  do vary  (Fig. 3). Thus 
leve ls  in the  reproduc t ive  ves ic les  and  s t ipe are  a pp rox ima te ly  50 ~ lower  than  in the  
r e m a i n d e r  of the  frond, but  wi th in  the  b u l k  of the  a lga l  tha l lus  no di f ferences  in me ta l  
concent ra t ions  are  de t ec t ab le  (cf. Bryan, 1971}. Similar ly ,  seasona l  changes  m e a s u r e d  
over  a two-year  pe r iod  do not va ry  by  more  than  app rox ima te ly  25 %. 

In our inves t iga t ions ,  the  most  m a r k e d  changes  in meta l  content  occurred in 
o rgan i sms  spa t ia l ly  sepa ra ted ,  e i ther  ver t ica l ly  or horizontal ly ,  in a g r e e m e n t  wi th  resul ts  
of p rev ious  inves t iga t ions  (Bryan & Hummers tone ,  1973; Fuge  & James ,  1973). F igure  4 
shows copper  leve ls  in  Porphyra umbilicalis  and  Enteromorpha sp. co l lec ted  from thei r  
h ighes t  and  lowes t  pos i t ions  on a rocky shore in the Avoca  es tuary  at Arklow.  Signif icant  
d i f ferences  are  apparent .  

Similar ly ,  F igure  5 shows copper  levels  in Porphyra at s i tes  a long  the shore. The 
copper  leve ls  can be  seen  to fal l  d r ama t i ca l l y  over  a d is tance  of only  app rox ima te ly  250 
m. Base- l ine  me ta l  concent ra t ions  have  b e e n  de r ived  for the common in te r t ida l  a l g a e  in 
the  same  w a y  as for the  macrofauna ,  and  those  for Fucus sp. a long  the eas t  coast  of 
I r e l and  are  shown in Tab le  1. 

I n d i c e s  for  p o l l u t i o n  a s s e s s m e n t  

The Irish Es tuar ine  Research  Group  has  dev i sed  two ind ices  which  descr ibe  the  
qua l i ty  of an  es tuary  in terms eas i ly  under s tood  by  the  non-spec ia l i s t  and  which  can  be  
used  to compare  the  po l lu t ion  status of different  es tuar ies .  The first of these,  the  
Biologica l  Qua l i ty  Index  (BQI) is a s imple  index  b a s e d  upon  the  re la t ive  a reas  of the  
es tuary  covered  by  "normal ,"  oppor tunis t ic  and  abiot ic  regions .  "Normal"  a reas  are  
cha rac te r i zed  by  h igh  spec ies  diversi ty ,  oppor tunis t ic  zones are  occup ied  b y  a c c e p t e d  
po l lu t ion  ind ica tor  spec ies  (e.g. Capitella capitata), and  abiot ic  zones,  normal ly  charac-  
t e r i zed  by  b lack ,  anae rob ic  mud,  a re  a reas  suppor t ing  only microbiota .  An  arb i t ra ry  
va lue  of 10 is a s s igned  to an  unpo l lu t ed  estuary,  and  p e r c e n t a g e  a reas  occup ied  by  
oppor tunis t ic  and  abiot ic  zones  are  subs t rac ted .  In this scheme,  abiot ic  zones are  g iven  a 
w e i g h t i n g  factor of 10 in recogni t ion  of the i r  ser ious  state of deter iora t ion.  

Thus BQI -- 10 - b - lOa, w h e r e  a = propor t ion  abiot ic ,  b -- p ropor t ion  
opportunis t ic .  

F igure  6 i l lus t ra tes  the  use  of this  scheme on th ree  hypo the t i ca l  es tuar ies .  On the left 
is a po l lu t ion- f ree  es tua ry  hav ing  a BQI -- 10. In the centre,  10 ~ of the  es tuary  is ab io t ic  
and  20 % oppor tunis t ic  g iv ing  a BQI of 8.8, and  on the r ight  hand  s ide  30 0/0 of the  es tuary  
is ab io t ic  and  20 % opportunis t ic ,  g iv ing  a BQI of 6.8. 

The use of such an  index,  whi l s t  r equ i r ing  the  ab i l i ty  to ident i fy  po l lu t ion  indica tors  
and  ex tens ive  sampl ing ,  neve r the le s s  g ives  a s imple  means  of compar ing  the b io log ica l  
qua l i ty  of one es tuary  wi th  another .  

The  second  i n d e x  p roposed  is the  Pol lut ion Load Index (PLI} o b t a i n e d  by  uni formly  
s a m p l i n g  in te r t ida l  a l g a e  or fauna  wi th in  an  estuary,  measu r ing  thei r  me ta l  contents  and  
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BQI=IO 

abiotic ~ opportunistic 

a=0.1 b=0.2 a=0.3 b=0.2 

BQI =10-0.2 -(10 xO.1) BQI =10-0.2-(10• 

= 8 . 8  = 6.8 

Fig. 6. Application of the Biological Quality Index (BQI) to three hypothetical estuaries 

der iving con tamina t ion  factors by reference to the base l ine  metal  levels quoted in  Table  
i. The contamina t ion  factor (C.F.) for each meta l  equals  concentrat ion of metal  in  
organism/base  va lue  for that metal.  A n u m b e r  of contamina t ion  factors wil l  be der ived 
for different metals  at each site, and  a site pol lut ion index  may then  be calculated by 
tak ing  the five highest  contamina t ion  factors and  der iv ing  the fifth root of the five factors 
mul t ip l ied  together. Such site indices can be treated in  exactly the same way to give a 
zone index, and  thence an  estuary index  from the zone indices.  Therefore, Pol lut ion Load 
Index (PLI) for site = ~ C F  t • CF 2 . . . • CFn, Pollut ion Load Index for zone = ~ 1  • 
site 2 . .  x siren and  Pollut ion Load Index for the estuary = ~/zonel  x zone 2 . .  x zonen, 
where  n equals  the n u m b e r  of contamina t ion  factors, sites a nd  zones respectively. 

The use of such an index  in  s implif ied form is i l lustrated in  Figure 7. The estuary is 
d ivided into three zones of approximately  equal  area. Each zone would  normal ly  consist 
of a n u m b e r  of sites, bu t  in  this example  only one site is g iven  for each zone. Contamina-  
t ion factors for Cu, Pb, Zn and  Ni are used to produce site and  zone indices,  and  these 
indices are then  mul t ip l ied  and  cube rooted to give the Pollut ion Load Index for the 
estuary. Figure 8 i l lustrates such indices  us ing  Fucus sp., calculated for the east coast 
estuaries. This shows clearly that the Avoca estuary at Arklow is by  far the most pol luted 
with regard to heavy metals, whereas  Malah ide  and  Dub l in  are the least polluted. 

From the calculated indices,  a coastal index  of 2.2 has b e e n  derived. This has b e e n  
checked agains t  the data of Preston et al. (1972) who also measured  metal  levels in  Fucus 
sp., a long the east coast of Ireland, albei t  at different sites. A coastal pol lut ion index  of 
1.95 may be der ived from their  data, in  good agreement  with the index  proposed by our 
group. 

Pollution Load Indices have also b e e n  derived us ing  pub l i shed  data for the Bristol 
Channe l  (Fuge & James, 1974), the Looe Estuary, Cornwal l  (Bryan & Hummerstone,  
1977) and a pol lu ted  (Serfjorden) and  unpol lu ted  (Reine in  Lofoten) estuary in  Norway 
(Melhuus et al., 1978). Values of 3.8, 7.4, 29.0 and  3.1, respectively, suggest  that with the 
except ion of the copper pol luted Avoca estuary at Arklow (Fig. 8), the east coast 
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z ne 
Cu PbZn Ni 

4V/5x lx2•  = 2.78 

4v/4X2x3x3 = 2'91 / ~  

/ zone 

S 
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or 
= 1 "41 

Estuary  index = 3v/2.78• 

= 2-25 

]Fig. 7. Application of the Pollution Load Index (PLI) to a hypothetical estuary 
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Fig. 8. Pollution Load Indices for estuaries along the east coast of F.ire, together with the derived 

coastal index and similar index calculated from the data of Preston et al. (1972) 

estuaries of I re land compare favourably in  terms of metal  pollut ion,  with these coast- 
lines. 

It is recognized that different metals  will  have var iable  toxicity levels to es tuar ine  
organisms, which  is, in  part, d ependen t  upon  the chemical  form of the metal  in  solution. 
Trace metal  avai labi l i ty  and  toxicity is often a funct ion of the free meta l  ion, which  in  
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turn  is dependen t  upon  the na ture  of both organic and  inorganic  l igands  in  the m e d i u m  
(see Engel  & Fowler, 1979). Thus the concentrat ion of free cadmium ion in  solut ion has 
b e e n  shown to vary inversely with sal ini ty owing to complexat ion with chloride ions 
(Sunda et al., 1978). It is l ikely that other trace metals  behave  in  the same way so that 
avai labi l i ty  to the es tuar ine  biota may often be dependen t  upon  the salinity of the 
sur rounding  medium.  

In addi t ion to chemical  speciat ion affecting the toxicity of a part icular  metal,  
different metals  have var iable  toxicities to different organisms. Reish (1978) assessed the 
lethal  and  sub- le thal  effects of six metals  on polychaetous annel ids .  In survival  experi- 
ments,  the order of decreasing toxicity was mercury (0.1 to 0.09 mg/1), copper (0.16 to 0.3 

rag/l), chromium (3.12 to 5.0 mg/1), zinc (1.8 to 10.7 mg/1), cadmium (4.2 to 20 mg/1) and  
lead (7.7 to 20 rag/l), and  in  all cases, larval  phases  were more sensi t ive than  the adults. 
The use of data from such bioassays is essent ial  for the es tab l i shment  of mathemat ica l  
weights  based  upon  differential  toxicity of different pollutants,  which could be used to 
improve the Pollut ion Load Index. 

It is recognized that unusua l ly  h igh levels of a s ingle pol lutant  might  result  in  an  
unusua l ly  low index  value  if other pol lutants  in  the system were present  at near  base-  
l ine concentrat ions.  Such a fault might  be  overcome by us ing  a subscript  to the index 
ident i fy ing any  pol lutants  present  in  abnormal ly  h igh concentrat ions.  Thus the index  for 
the Avoca Estuary at Arklow (Fig. 8) would  become 5.6cuzn, ind ica t ing  that copper and  
zinc were the major pol lutants  g iving rise to the relat ively h igh Pollut ion Load Index for 
this estuary. 

The index  as presen ted  provides a simple, comparat ive means  for assessing 
estuar ine quality: a va lue  of zero indicates  perfection, a value of one that only base l ine  
levels of pol lutants  are present,  and  values  above one would  indicate  progressive 
deteriorat ion of es tuar ine quality. Whilst an  index value  cannot  at present  provide 
information on the effects of the combina t ion  of pol lutants  on the estuar ine biota, it can 
provide the publ ic  with some unde r s t and ing  of the qual i ty  of a component  of their 
environment ,  and  it can indicate  trends over t ime and area. In addition, it is envisaged  

that all  informat ion necessary for the construction of a Pollution Load Index would  be 
readi ly  avai lable  to specialists who could analyse  the key components  which together  
give rise to an  index  value, and  thereby provide advice to the administrator  who is then  
better  able  to unde r s t and  the effects of policy decisions on es tuar ine  quality. 

Despite the above-men t ioned  flaws, and  the necessi ty to achieve some improvement  
of the proposed indices,  it is suggested that the use of the Biological Qual i ty  Index and 
the Pollut ion Load Index provide a means  for quant i fy ing  es tuar ine  qual i ty in the 
simplest  way, and  are thus comparable  with similar indices used for assessing air and  
fresh-water qual i ty (Thomas, 1975). 
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