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SUM M A R Y 

A major feature of tropi cal Australi a i s  the sharp climat i c  d i st i nct ion 

between the Wet and the Dry, a characteri st i c  climati c  pattern wh i ch imposes 

a d i st i ncti ve hydrologi cal reg i me on running  and stand i ng bodi es of water . 

Dur i n g  the Wet, vast qu anti t i es of water pour down ri vers from the Arnhem 

L and escarpment to i nundate the lowlands of the Alli gator R i vers .  All 

ex i st i ng bod i es of water are flu shed . When the ra ins  cease, the floodwaters 

recede , leav i n g  beh i nd a ser i e s  of b i llabongs f illed w i th  the d i lute water 

of the Wet . Duri n g  the ensu ing  Dry, water levels fall cont i nuou sly as 

more than 2 metres of water evaporates, w i th no replen i shment from ra i n .  

Some b i llabongs  rece ive groundwater i nflows ; a few near the escarpment are 

spr i ng-fed, perhaps to flow throughout the Dry . 

Chem i c al changes occur as  water levels drop. Solutes become concentrated 

as water evaporates, w i nd and buffalo resuspend f i ne sed i ments, and spr i n g  

or groundwater i nflows may i nfluence t h e  chemical compos i t i on. The magn i tude 

and d i rect i on of change var i es from b illabong to b i llabong, depend i ng on 

morphometry, pos i t i on, sed iment type, and so on . In December, the flood

waters come aga in, replaci ng th i s  i n d i v i du ali ty w i t h  the un i form standards 

of one b i g  lak e .  

Then , t h e  water i s  d i lute ( K25<20�Scm-l ), near neutral, and dominated 

by sod i um b i carbonate . Nutri ent levels are at the i r  lowest but, on a world 

scale . total phosphoru s levels are h i gh and the b i llabongs would be regarded 

as meso-eutroph i c  to hypereutroph i c .  N:P ratios  are low , and i n  terms of 

i norgan i c  n i trogen the b illabongs  are ultra-oli gotroph i c. The s heer volume 

of water, from i ntense ra infall and rap i d  runoff,.ensures that b i llabongs 

over a w i de area of the Magela, Nourlan g i e  and Coopers Creek catchments 

enter the Dry wi th th i s  COmmon water chemi stry. Th i s  un i formi ty i s  s hort

l i ved, and by the end of the Dry three mai n  groups  of b i llabongs can be 

d i st ingu i shed by the n ature and extent of chemi cal change they h ave under-

gone .  



• 03 

v 

Least  changed are the channel b i llabongs of the three creek systems . 

They are s t i ll d i lute, have suffered scant change i n  pH, and the i r  i oni c 

and nutri ent ch aracter i s  st i l l  that of the Wet . That they h ave changed 

so li t t l e  c an be attri buted, i n  large measure, to the character i s t i c ally 

l ow surface area to volume rat ios  of channel b i llabon gs . Under these 

condi t i ons, the effects of evaporati on are at a mi n i mum . Impli c i t  i n  th i s  

; i s the assumpt i on that any i nflowing  groundwater i s  also unchanged from 

Wet season chemi stry .  

I n  all other b i llabongs a number of changes take place . All become 

turb i d . Promi nent amongst the changes i n  i on i c  character i s  the dec i ded 

move to sod i um chlor i de dominance. Usu ally, th i s  i s  accompan i ed by marked 

i ncreases i n  conduct i v i ty as the waters concentrate, and a decli ne i n  pH 

as the Dry progresses . Two �roups c an be recogn i zed . In one. the flood-(pW-$ Co,.,. r.Lo�t J 
pla i n  b �llabong� the change to sod i um chlori de domi n ance i s  accompan i ed 

by s i gn i f i c ant enr i chment by sulphate from groundwater inflows . In the 

other, cont a i n i ng most  backflow b i llabongs(PluS Kulukuluku and Le i chhard�J 
sulphate plays l i ttle part . In both groups, nutri ent concentrations i n

crease rapi dly dur i n g  the Dry. earl ier on the floodpla in  than i n  t he back

flow b i llabongs. In the former, i norgan i c  n i trogen const i tutes a much 

h i gher proport i on of total n i trogen than in the latter . E xcept i n  flood

plai n  b i l labong7 N : P  rat i os are low and limi tat i on of product i on by 

n i trogen, not phosphorus, i s  suspected .  Phosphoru s  levels now i n d i cate 

hypereutrophy, wh i l e  i norgan i c  n i trogen levels i nd i cate a range from 

meso-eutroph i c  to hypereutroph i c. 

Throughout the Dry nutrient cycles c an be envi saged a s  a c l o sed, en

dorhoe i c  system, wi th external i nputs from b i ot i c  and, perhaps, groundwater 

sources, w i th evaporati ve concentrati on, and wi th i nternal loading  from re

s uspended sed iments . In marked contrast to temperate lakes, there is no 

output other than b i ot i c  mi grat i on .  

The clas s i f i c at i on i nto 3 groups on the bas i s  of maj or i on chemi stry 
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and on the basis of nutrients is congruent, and coincides, with few 

exceptions, with the traditional division on geographical, morphological 

and hydrological criteria into channel, backflow and floodplain billabongs. 



1 .  INTRODUCT I ON 

I t  is a l most  an art i c l e  of fa ith that water an a l yses be carri ed out , 

though i t  i s  not a l ways c l ear why they are done nor what they reve a l . How-

ever , i t  i s  the sum of the phys i ca l  and chem i c a l  cond i t i ons  that deter-

mi nes the type of waterbody, and probab l y  wh i ch organ i sms l i ve i n  it . I t  

i s  i nconce i v ab l e  that a broad 1 i mno 1 o g i c a 1  i nves t i gat i on of a n  unstu d i ed 

reg i on shou ld  i gnore water chemi stry any more than any other "base-l i ne" 

i nformat i on ( Fox et al. 1 977 ) .  

Even i n  the most  d i l u te natural  waters a l l maj or i on s  are u s u a l l y  

present i n  quant i t i es exceed i n g  the requ i rements o f  the b i ota ( Moss 1 980 ) , 

and they have l i tt l e  effect on produc t i v i ty .  However , that the i on i c  

character of na tura l waters has  b i o l og i ca l  s i gn i f i cance , i n  determi n i ng the 

d i str i but i on of organ i sms , i s  apparent from the pos sess i on by mos t ,  i f  not 

a l l of them ,  of i on i c  regu l at i on mech an i sms ( Bayl y  and W i l l i ams 1973 ) .  

Further , the tox i c i ty of heavy meta l s  and other pol l u t ants  to n a t i ve b i ota  

depends heav i ly on the  chem i c a l  n ature of  the water i nto wh i ch they are 

d i sch arged . The nutr i ent  e l ements , notabl y  phosphorus and n i trogen , are 

usua l l y  present i n  quan t i t i es i n suff i c i ent  to sat i sfy b i o t i c  demand and ,  

a s  l im i t i n g  nutri ents , the i r  supp l y  regu l ates the product i v i ty of both aquat i c  

an d terrestr i a l  ecosystems . A k now l edge of nutr i ent  l eve l s  and cyc l es i s  

essent i a l t o  an understan d i n g  of the dynami cs  o f  the freshwater env i ronment .  

At the pra gmat i c  l evel , chemi ca l  ana l ys i s  under l i es the protect i on of water 

qu a l i ty i n  pub l i c  supp l i es ,  and i nt imate understan d i n g  of nutr i ent  chemi stry 

i s  the key to proper resource management ,  and the avo i d ance or abatement 

of the i l l s  of eutroph i c at i on . 

W i th the stark c l imat i c  contrast  and d i s t i nct i ve  hydro l og i c a l  reg ime 

of the Al l i g ator R i vers Reg i on ,  cons i derab l e  phys i ca l  and chemi ca l  change 

must  atten d  the season s .  Th i s  study set out to ch aracteri ze the pattern of 

seasonal ch ange in the chemi c a l  n ature of the b i l l abongs  of the Mage1 a ,  

Nour1an g i e  a n d  Coopers Creek Catchments , the Dry season refuges o f  a l arge 

aquat i c  b i ota . 
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Deta i l s  of c l i mate , geography,  and hydrol ogy, together w i th descr i pt i ons 

of the b i l l abongs , wh i ch have appeared el sewhere ( Hart and McGreggor 1980; 

Wa lker,  Waterhouse & Tyl er 1 982) are summari sed i n  F i gure 1 .1 and Tab l e  1 . 1 .  
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Tab l e  1 - 1 :  A c l ass if i cat i on of b i l l abongs i n  t h e  three c atchments  
of the Al l i gator R i vers Reg i on ( after W a l ker , Waterhou se 
and Tyl er 1 982 ) .  

B i  1 1  abong 
C l as s i f i c at i on 

Channe l 

/Esc arpment rockpool 
/Backf l ow 

Catc hment 

Mage l a  

Nour l an g i e  
Coopers 

Mage l a  
Baroal ba/ 
Magel a 

B i l l abong 
N ame 

Mudg i nberr i 
Buffa l o  
Noar l anga 
N i mb awah 

*' 
Murgane l l a  Rd . 
Bowerb i rd 
Goanna 

II /F l oodp l a i n  Mage l a  I s l and 

Backf l ow 

F l oodp l a i n  

Nourl ang i e  

Mage l a  

Nour l ang i e  

Magel a 

Nourl ang i e  
fast Al l i gator 

Ku luku l uk u  

Georgetown 
Coonj imba 
Gu l ungu l 
Corndor l 
Umbungbung 

Ja Ja 
M i n e  Val l ey 
Leichhardt 
J ab i l uk a  
Nankeen 
J i ng a l l a  
Red L i ly 

No� WlclAlld£J ;,... W�I W(A��OV1�e tJrr.J l'1iJJ.r ( f�g)). 
hOC.t:Jt-etl Q.� jIJr1c.i--",o.) of Gopen Cfee� o..r"lJ .� r-oCl'J_ 

'Cc Mo r;Ja. riC Uf ..... I mu IJ (t F'!,.e...v.'-'!. Oenpe.Ll..t.. 901A ... f 8.. He r-ea Hij r 

(..o.llf'J � I"" ,..>, 1 M lA r� c:t n'l � • 
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2 .  MATER I ALS  AND METHODS 

U9 3. 

For rou t i ne chemi c a l  ch aracter i zat i on ,  surface water s amp l es were taken 

at approx i mate ly month l y  i nterva l s  at a f i xed sampl i ng s i te at , or near , the 

deepest po i nt of each b i l l abong . Pre l imi nary i nvest i gat i on s  h ad shown that 

in most b i l l abongs there was scant chem i cal  difference between surface and 

deeper waters , so that for a l l i ntents and purposes , a s i n g l e  samp l e  from 

the surface wou l d  s uff i ce. Th i s was to be expected from preva i l i ng  s trat i 

f i cat i on beh av i our (Wal ker ,  Waterhouse & Tyl er 1 982 ) . Samp l es for major i on 

an a lyses were col l ected ,  stored and transported i n  pre-washed po l yethy l ene 

bott l es .  Dur i ng 1 978 an alyses were c arr i ed out i n  Ade l a ide by Austral i an 

Mi neral Devel opment L aborator i es ( AMDEL ) ,  on unf i l tered s amp l es , and i n  

subsequent years by the Botany Department ,  Un i vers i ty o f  Tasman i a ,  on fi l tered 

s amp l es . For i nterl aboratory compar i sons some b i c arbonate ana l yses duri ng  

1 979 and ear l y  1 980 , a l ong w i th c at i on ana l yses dur i ng February/March 1 98 1 , 

were dupl i c ated , w i th determi nati on s  made at both the Un i vers i ty of Tasman i a  

and the Jabi ru l aboratory of the Off i ce of the Superv i s i ng Sci ent i s t .  

Samp l es d i s t i ned for nutri ent ana l ys i s  were p art i t i oned i mmed i ate l y  i nto 

s i x  sub-samp l es i n  sea l abl e ,  s ter i l ized ,  pol yethyl ene bags  ( trade-name 

"Wh i rl -pak s" ) and immedi atel y  p l aced on i ce unt i l  return to the Jabi ru 

l aboratory , when they were deep-frozen . The ana l yses were c arr i ed out by 

the Nutri ent Ana l ys i s  Laboratory of the Botany Department ,  Un i vers i ty of 

Western Austra l i a .  An i ndex of a l l the chem ica l  parameters measured , and IJ rJ e hM .. t1.se 
the methods emp l oyed i n  Jab i ru ,  Hobart and Perth , appears i n  T ab l e  2 . 1 .  , 

In the tab l es of resu l ts ( Append i x  I) major i on an a l yses are reported 

as  mgl - l I on ic orders of dom i n ance are determ i ned from rel at i ve i on i c  

proport i ons  ( �eq%) , where each i on i s  expressed a s  a percentage of the total  

m i croequ i va l ents of c at i ons and an i ons  respect i ve l y .  Graph i ca l  representa

t i on i s  by means of ternary d i agrams ( adapted from Hem 1 970 ) , wh i ch present 

the rel at i ve i on i c  proport i ons . In the d i agrams each corner of an equ i 

l ateral  tr i ang l e represents 1 00% of a g i ven i on .  Actu a l  percentages of any 
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i on i n  a s amp l e  are measured a l ong  � perpend i cu l ar from the oppos i te 

s i de ( F i g .  2. 1-1 ) . S i nce potass i um i s  present i n  most  natural waters i n  

very l ow rel at i ve and abso l ute amounts , i t  i s  frequent l y  i gnored i n  ternary 

di agrams . Here i t  i s  comb i ned w i th the domi nant monova l ent cation ,  sod i um .  

Carbon ate ;s  usua l l y  represented i n  comb ination wi th b i c arbonate i n  ternary 

di agrams , as i n  an a l ternati ve graph i cal  procedure, the Maucha di agram 

(Maucha 1 93?) . S i nce pH va l ues of the bi l l abongs were a l ways l ess  than 8 . 3 ,  

carbonates wou l d  not be present , as d ictated by pH-dependent equ i l i br i um 

react i ons. Two conven i ent  reference pOi nts are seawater proporti on s ,  and 

those of Worl d  Average Freshwater ( Bayly  and Wi l l i ams 1 973 ) . The ternary 

di agram s imp l i f i es di scu s s i on of chemical  events , and chemi ca l  behavi our of 

a b i l l abong dur i n g  a season can be spoken of , te l eo l ogi c a l l y ,  i n  terms of 

the movement of a pOi nt , the i on i c  proportions  of that b i l l abong ,  about 

the d i agram . 

For the examinat i on of the sha l l ow, groundwater tab l e  around Jab i 1 uk a  

b i l l abon g ,  boreho l es were sunk by hand-operated auger t o  1 . 5-2 metre depth . 

They were then cased w i th perforated 60 mm p l as t i c  p i p i n g, wrapped i n  3 

l ayers of 1 mm nyl on monofi l ament mesh , with  a th i n  screen of b l ue meta l  

sh ie ld ing  the cas i n g  from the  s i des  of  the borehol e  ( Fi g .  2 . 2 ) . The hei ght 

of each cased borehol e  rel at i ve to the zero l evel  on the gaugeboard at 

Gaugi ng  Stat i on 82 1 0 1 7  was then determined by theodo l i te. 
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F ig. 2. 1 - 1 Ternary diagrams for displaying cation i c  and anionic 

proportions. WAFW = World Average Freshwater (after 

Livinqstone 1 963), SW = Seawater . 
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... 
• 3. RESULTS - MAJOR IONS AND 'GLOBAL' PROPERTIES 

3.1 Preamb l e  

• A number of authors have cons idered the n atura l  events which determine 

• 

• 

• 

• 

• 

• 

· ... 

• 

the chemica l  nature of running and st anding bodies of freshwater ( Curry 

1972; Truesda l e  1974; Gorham 1961; Rodhe 1949). 

Gorham (1961) cons idered that f ive pr incipa l  environmenta l factors -

c l imate, geol ogy, topography, biota and t ime - interact to determine ionic 

composition and concentration of in l and waters. G ibbs (1970) proposed 

that the factors inf luenc i ng wor l d  water chemistry cou l d  be reduced to 

three mechan isms. First, ion s are supp l ied from the atmosphere in the 

form of dry precip itat ion, or rain . G ibbs (1970) termed th is type of water 

a 'precipitat ion dominance end member', dominated by sod ium ch l oride. 

Second, contact with so lub l e  rocks l eads to accret ion of mineral  substances 

such that tota l  ion ic concentrat ions increase and a lka line earth b icarbon -

ates become djminant. This  process l eads to the ' rock dominance end 

member' . The third process operates on l y  in arid regions where evaporat i on 

l eads to h igh ion ic concentrat ions and a preferent ia l  s a l t ing-out of d iva l ent 

cat ions and carbonates l eaving a hypersa l ine water dominated by sodium / 
ch l or ide, the 'evaporat i01crysta l lizat ion end melnber'. 

Except in arid parts of the wor l d, where evaporation/crysta l lizat ion 
QS 

p rocess take p l ace, the ionic n ature of surface waters w i l l  depend primari ly  f\ 
on the extent to wh ich rock contact mod i f ies  the chemica l  composit ion of 

r a i nwater. In the absence of any l itho l og ica l  modificat ion, water chem i stry 

is ak in to d i lute seawater, and this  is a common experience in mar i time 

areas where surface waters are iso l ated from rock contact by peats ( Gorham 

and C r�31( 1960; Tyl er 1974), or where rocks are s i l iceous and inert, or 

when runoff is rap id, minimis ing rock contact. 

The effects of rock contact, in modifying the chemica l  n ature of sur

f ace water, are c l ear l y  ev ident in l i mestone or do l omite areas. Waters then 
.. .. �\.....l .. c:lt- \. --4 .. � ...... s\.... ....... � .f'lc.... k�c..h. � ("...(.,....c. -40 I"��� UoL. pf � � 

s..,.el... 4C, pH --...l .. loU ...... " ..... ..! �_�e+ ...... '�j ,-.\ Dl'f�� 4e sp .. e,k eh. ..... c�J....c wL.. .... . , 



assume the compos it ion of the so-cal led  "World Average Freshwater", the 

mean compos i t i on of the wor ld ' s  r i vers or l akes ( Conway 1942; Liv i ng stone 

1 963, Ro��1 949 ). The compos i t i on of the 'prec i p itation dom inance end 

member ' (seawater ) and that of the 'rock domi n ance end member ' (Wor l d  

Average Freshwater ) 'are taken as conven i ent reference po i n ts on Ternary 

d i a grams, aga i n st wh i ch the compos it ion of n atura l in l an d  waters can be 

compared. 
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3.2 Inter l aboratory compar i sons • 

There was good a greement between cat i on determ inat i ons  made in  the 

Hobart and Jab i ru l aborator i es (Tab l e  3.2-1 ). The max imum d i screpancy was 

of the order of 15% of the h i gher v a l ue. The i nterl aboratory compar i son 

was made w ith s amp les co l l ected dur i n g  February/March 1981, on very d i lute 

waters w ith conducti v it ie s  l ower than 30�Scm- l . At such l ow i on ic  concen

trat i ons  percentage ana l ys i s  error wou l d  be expected to be max imal. I n  

genera l  the agreement between the two l aborator i es· ana lyses was better for 

the monova l ent than the d i va lent cati ons. Hobart ana lyses  a l ways i nd icated 

l ower concentrat i on s  for a l l cat i on s, p art icu l ar l y  ca lc ium. An Un ited 

States Env i ronmenta l  Protect i on A gency standard, of much h i gher total  i on ic  

strength, was used as  a further check on  ana lyt ical  accuracy. Exce l lent 

a greement, w i th i n  3% of the reported v a lue for a l l 4 cat i ons, was obtai ned 

by both l aborator i es ( T ab l e  3.2-2 ).  Th i s  compari son suggests that the 

Hobart method for ca lc ium may g i ve a s l i ght underest imate. Ana lyt ica l  d if

ferences of the magn itude i nd icated by the i nter l aboratory comp ar i sons are 

tri v i a l ,  and i nconsequent i a l i n  the i nterpretat i on of b i l l abong water 

chemi stry. 

Of the an i ons  rout i ne l y  determi ned, on ly  b i carbonate ana lyses were 

subject to i nter l aboratory comparison s. Anal yses i n  Jab i ru were made on 

unf i l tered, refr i gerated s amp l es soon after co l l ect i on from the b i l l abongs, 

whereas the de l ay unti l ana lys i s  of f i ltered s amp l es i n  Hobart cou l d  be 

severa l  months. B icarbon ate ana l yses began i n  Jab i ru i n  Ju ly  1979 and 

cont i nued unt i l ear ly  June 1980, when equi pment fa i l ure and i ncreased work

l oad forced a premature ha lt. 

Probab l y  because of adjustments w ith i n  the carbonate-b icarbonate

carbon ic ac i d  equ i l ibr ium system dur i n g  trans i t  and storage, the Hobart 

v a lues for b i carbonate usua l l y d iffered from those determ i ned at Jab i ru. 

Rarely, Hobart v a lues were s l i ghtly h i gher than those from Jab i ru. Genera l l y, 

the Hobart resu lts were underest imates by about 20% (Table 3.2-3 ).  
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Table 3.2-1 Compar i son of an alyses of f iltered water s amples carried out 

by B. Noller, OSS Jab i ru and by Botany Dept., Un i vers ity of 
Ta sman i a. Results are i n  mg1-1• 

Sample S i te Date N a  K Mg  Ca  
OSS  Tas. OSS Tas. OSS Tas. OSS Tas. 

Umbungbung 21/1/81 1.81 1.80 0.66 0.52 1.40 1. 18 1.26 1. 14 

Bowerb i rd 27/1/81 1. 08 1. 00 0.11 0.20 0.28 0.23 0.10 O. 11 
Nankeen 9/2/81 1.33 1. 25 0. 35 0.32 0.66 0.59 0.45 0.49 
Le i chhardt 9/2/81 1.39 1. 18 0.48 0.48 0.67 0.56 0. 48 0.48 
Ja Ja 9/2/81 1.22 1. 18 0.38 0.32 0.62 0.51 0.44 0.37 

M i ne Valley 9/2/81 1.40 1.29 0.43 0.32 0.61 0.52 0. 45 0. 36 

Goanna 12/2/81 1.41 1.31 0.61 0.48 0.62 0.51 0.72 0.47 

Gu1un gul 17/2/81 1.66 1. 15 0.60 0.36 0.48 0.46 0.32 0.40 

GS009 18/2/81 1. 15 0.98 O. 16 0.20 0.45 0.40 0.29 0.22 

Corndorl 18/2/81 1.39 1.37 0.55 0.44 0.63 0.47 0.65 0.47 

Corndor1 18/2/81 1.29 1.29 0.51 0.36 0.68 0.50 0.67 0.49 

Nimbawah 19/2/81 2.83 2.74 0.54 0.48 1.47 1. 31 1.24 0.92 

Murgane1la 19/2/81 2.71 2.56 0.70 0.60 1.33 1.13 1.59 1.36 

Umbungbung 20/2/81 1. 59 1.46 0.21 0.20 1.05 0.83 0.97 0. 73 

Noarlanga 20/2/81 1. 61* 0.94 0.66* 0.12 0.59 0.52 0.44 0.36 

Jin galla 24/2/81 1.84 1.68 0.36 0.32 0. 71 0.62 0.57 0.56 

Kuluku1uku 24/2/81 1.24 0.97 0.28 0.32 0.62 0.53 0. 53 0. 41 

Goanna 16/3/81 2.08 2.03 0.57 0.56 0 .66 0.58 0.77 0.53 

Gulungul 17/3/81 1.50 1.45 0.29 0.28 0.61 0.50 0. 45 0.37 

Jabi1uka 18/3/81 0.70 0.75 0.32 0.32 0.42 0.32 0.30 0.22 

M i d-Magela 18/3/81 1.83 1.84 0.65 0.64 0.40 0. 38 0.26 0.22 Flood Pla i n  

Le i chhardt 18/3/81 1.01 1.09 0.65 0.60 0.49 0.39 0.45 0.31 

M i ne Valley 18/3/81 0.74 0. 77 0.27 0.28 0.40 0.31 0.28 0.27 

Nankeen 18/3/81 0.72 0. 72 0.33 0. 32 0.41 0.31 0. 31 0.27 

Murganella 18/3/81 2.25 2.17 0.66 0.60 0.91 0.73 0.91 0.77 

Nimbawah 18/3/81 2.33 2.21 0.44 0.36 1.00 0.89 0. 78 0.64 

Noarlanga 20/2/81 1.06 1.03 0.26 0.24 0.63 0.56 0.49 0.46 

Georgetown 23/3/81 1. 65 1.56 0.44 0.40 1. 71 1.49 0.72 0.62 

* These values appear unduly h i gh consider i n g  that there was good agree-
ment for the d i valent  cat i ons i n  th i s  s ample and  that there was good 
agreement  for all cations for a s ample taken 4 d ays later at downstream 
Kulukuluku. 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

Tab l e  3.2-2 

• 

• 

• Ion 

N a  
• 

K 

Ca  

• 
Mg 

• 

• 

• 

• 

• 

ll: 

Comparison of ana lyses of United States Env i ronmenta l  

Protection Agency (EPA) M i nera l  Reference # 1 ( No. 871 ) 
carried out by B. No l l er, OSS Jabiru and by Botany 

Department, Univers ity of Tasmania. 

Ana lys i s, mg l-1 % D i s crepancy from EPA va lue 

OSS Tas. EPA OSS Tas. 

8. 50 8.46 8.7.0 +4 +3 

1 .57 1.64 1.60 -2 +3 

9.02 8. 70 9. 00 0 -3 

2.30 2.06 2.10 +10 -2 



1 9 • 

Tab l e  3.2-3 Compar ison of bicarbonate ana lyses ( �eq l-1) carried on the • 

same samp l es by Jabiru and Hobart l aboratories. 

• 
Season 

B i llabong 
M id-Wet M id-Dry Late-Dry 

Jab i ru Hobart Jab i ru Hobart Jab i ru Hobart 
• 

Bowerb i rd 123 66 160 102 152 93 

Georgetown 20 1 1 52 196 1 88 79 46 

Gu l ungu 1  98 98 280 232 49 0 • 

Goanna 1 12 106 336 248 395 356 

Mudg i nberr i  90 70 132 126 130 124 

Isl and 79 94 300 1 10  7 1  67 • 

Ja Ja 66 66 0 106 28 

M i ne Va l l ey 88 60 3 10  1 54 75 53 

Le i chhardt 74 74 320 247 293 82 • 

Jab i l uka 73 62 2 10  133 68 56 

N ankeen 76 80 149 138 139 70 

Noar1 anga 74 62 240 160 190 • 

Umbungbung 1 10 90 344 332 842 88 

Ku 1 uku1 uku 103 100 1 82 2 19  180 

Red L i l y  628 688 1130 1 080 2407 2336 • 

• 

• 

• 
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Occasiona l ly, Hobart va l ues were as  l ow as  30% of Jabiru res u l ts and on a 

few occasions bicarbonate concen trations fel l to zero between Jabiru and 

Hobart. This inadequacy of bicarbon ate ana lyses ; s  no serious handicap for, 

though the magnitude of bicarbonate may not be correct, it is c l ear {Fig . 

3.2-1} that it does not substantia l l y  a l ter perception of season a l  events 

in anionic behaviour. Significant l y, the serious underestimates of bi-

carbonate occurred at times near maximum ionic concentration when bicarbon-

ate, determined at Jabiru, constituted on ly sma l l p roportion s of tota l 

anionic concentration. 

The anoma lies in bicarbonate ana lysis are not s urprising considering 

the di l u te n ature of most bil l abon g waters. Not on l y  are the abso l ute 

concentrations  of bicarbonate l ow but, consequent ly, so is the buffering 

capacity of the carbonate-bicarbonate-carbonic acid system. The l atter 

is evident from the difficul ty which attends measurement of pH in these 

waters. 

Under these circumstances, bicarbonate is a l abi l e  ion and such caprice 

is to be expected. In contrast, the strong ly  buffered, bic arbonate waters 

of Red Li l y  bi l l abong (Tab l e  3.2-3 )  s uffered litt l e  or no change during 

s torage. 

3.3 Temporal  characteristics* 

Durin g  February, at the hei ght of the Wet, with the c reeks and rivers 

in spate and f loodp l ains inundated by as  much as 2 metres of water, bi l l a

bong  chemistry appeared to resemb l e  c lose ly  that of the major infl ows, as 

represented by Mudginberri for the Mage l a, Noar l anga  for the Nour l angie and 

Nimbawah for Coopers Creek {Fig. 3.3-1}. I n  genera l, the  waters were 

characterised by low conductivities, be low 20�Scn,- l , and pHis of 6.4-7.0, 

with c ationic dominance orders  of N a>Mg>Ca>K and anionic dominance of HC03> 

>C1>S04 {Tab l e 3.3-1}. These sodium bicarbonate waters p l ot in a bunch on 

* 1980 was chosen for consideration of tempora l  characteristics because 
information was most comp l ete for that year. 
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Tab l e  3.3- 1 Some chem ica l  character ist i cs of b i l l abon gs in Febru ary 1980 . 
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the ternary diagrams (fi g. 3.3- 1). somewh at d isp l aced from seawater 

proport ions . As is not unusua l  ( Buckney and Tyl er 1973) an ion i c proportions 

were more d ispersed than correspond i n g  c at ion proport ions. Very s imi l a r 

chemica l  attr i butes for the Mage l a, Nour l ang i e  and Coopers dra i n age bas ins  

were i nd i cated. 

A number of except i ons d id  occur ( T ab l e  3. 3- 1 ), notab ly  the backf l ow 

bi l l abongs Georgetown and Umbungbung, and Red L i l y  and J i n ga l l a. The back

f l ow b i l l abongs rece i ved i nputs  from the i r  own catchments as  wel l  a s  that 

from the ma i n  creek, w i th i nf l ow from the l atter source i ntermi ttent, 

dependent on the vagar i es of the b ackf low cond i t i on ( see Wa l ker, Waterhouse 

& Ty l er 1982). Con sequent ly, these b i l l abongs are l ike l y  to d isp l ay a b l end 

of chem i c a l  character i s t i cs i ntermed i ate between that from the i r  own catch-

ments and that of the ma i n  watercourse. Unfortunate ly, no data on ion ic  

compos i t i on of Georgetown Creek, nor  for the  runoff i nto Umbungbung, i s  

a v a i l abl e. However, the apparent effect of such runoff was to emphas ize the 

dom i n ance of b i carbon ate in both and to promote magnes i um as the domi n ant 

c at i on. 

Red L i l y  i s  un ique among the waterbod i es stud i ed, i n  be i n g  dom i n ated 

by ca l c i um b i c arbonate dur i n g  the Wet. In add i t i on to rece i v i ng f loodwaters 

of unknown compos i t i on from the East A l l i gator R i ver, th is  b i llabong recei ves 

runoff from a number of escarpment out l i er s. 

The prev a il i n g  cond i t ion of the Wet, then, i s  for mos t  b il l abongs to 

be dom i n ated by sod i um b i carbonate. 

By Ju l y, the m id-po i n t  of the Dry, the comparati ve homogene i ty, wh i ch 

h ad characterised Wet season ion i c  character, h ad d i s appeared. Conduct i v i ties 

now ranged from 17 to 145�Scm-l, and pHis v ar i ed between 5 . 8  and 7. 1 ( Tab le  

3.3-2). The  ternary d i agrams for July ( F i g. 3.3-2 ) reveal that  two oppo s i n g 

sh i fts i n  cat ion i c  p roportions h ad occurred s i nce the Wet, one a sh i ft towards 

greater monova l ent  domi n ance, the other towards magnesi um, separat i ng the 

b i l l abongs  i nto two d ist i n ct group i n gs. The channel  b i l l abon gs ( Bowerb i rd, 



Tab l e  3.3-2 

B i l l abon g  

Bowerb i rd 

Georgetown 

Gu l un gu l  

Mudg i n berri 

Is l and 

Ja Ja  

M i ne Va l l ey 

Le ichhardt  

Jab i l uka 

Nankeen 

Umbun gbun g 

Noarl anga  

Ku l uku l uku 

J i n g a l l a  

N i mb awah 

Murgane l l a  

Red L i l y  

Some chem ica l  characterist ics of b i l l abongs in Ju l y  1980 . 

17 

38 

45 

23 

30 

53 

8 1  

1 10 

66 
107 

64 

25 

37 

145 

1 78 

pH 

5.8 

6.2 
7.0 

6. 1 

5.9 

5. 7 

5.9 

6.8 

6.7 

6.6 

6.6 

6.9 

6.5 

6.8 

7. 5 

Cat i on dom i n ance 
orders 

l . a) N a>Mg>Ca>K 

b) N a  = Mg>Ca>K 
c) N a  = Mg = CA>K 

2 . a) N a>Mg>K>Ca 
b) N a>Mg>K = Ca 

3. Mg>Na>Ca>K 

4. M g>Na>K>C a  

Cation 
dom i n ance 

order 

3. 

l a  

2b 

l a  

l a  

2b 

2a  

2a 

2b 

2b 

2b 

3. 

l b  

l a  

l c  

An i on 
domi nance 

order 

l.  

l.  

l. 

l .  

2b 

3. 

2c 

2c 

2a 

2a 

l. 

l.  

1.  

2a 

1. 

An i on dom i n ance 
orders 

1 .  HC03>C l>S04 
2. a) C l>HC03<:04 

b) C l  = HC03>S04 
c) C l >HC03 = S04 

3. C l>S04>HC03 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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Tab le  3.3-3 Some chem i c a l  characterist ics of  bi l l abongs in October/ 
• November 1980. 

Cat ion Anion 
B; 11 abong K25 pH domi nance domi nance 

order order 

• 
Bowerb i rd 18  5.9 3. 1. 

Georgetown 52 5.7 l a  3. 

Gu l ungu l 83 5.9 2b 3. 
• 

Mudg i nberr i 27 6.0 l a  1. 

Is l and 48 5.3 l b  2a 

Ja Ja 165 4 . 3  2a 2b 
• 

M i ne Va l l ey 630 3 . 7  l b  2a 

Le i c hhardt 188 5.4 2a 2a 

Jab i l uka 174 4.1 l b  2a  
• 

N ankeen 255 4.2 l a  2a 

Umbungbung 303 4.3 5. 2a 

Noar l anga 30 6.0 3. 3. 
• 

Ku l uku l uku 70 6.0 l a  3. 

Jinga 11  a 2600 7.4 5 l a  2a 

Nimbawah 70 6.5 l a  1 • 

• 
Murganel l a  86 6.4 l a  l .  

Red Li l y  233 7.1 l c  l .  

• Cat ion domi n ance Anion dom i n ance 
orders orders 

1. a )  N a>Mg>Ca>K 1. HC03>C l >S04 
b )  N a>Mg>Ca  = K 2.a ) C l >S04>HC03 
c )  N a>Mg = C a>K b )  C l  = S04>HC03 • 2.a )  N a>Mg>K>Ca 3. C l>HC03>S04 
b )  Na>Mg = K>C a  

3. Mg>Na>Ca>K 

4. Mg>Na>K>Ca 
• 5. N a>K>Mg>Ca 

• 



10 

27 

Mud ginberri, Isl and,  N oa rl anga and Ku l u ku l uku ) ,  with c onductivities ra n�

ing from 17 t o  37�Scm- l , had  more or l es s  equ imol ecu l ar proportions of N a  

a n d  Mg. By c ontrast,  in the backfl ow and f l oodp l ain b il l abon gs, with a 
-1 c onduct ivity range of 38-145�Scm and,  e s pecia l l y, Goann a ,  the ion ic order 

wa s N a »Mg. As in the Wet,  Red Lil y wa s individu a l istic , bein g  dominated by 

Ca. 

As with the cat i on s ,  changes in anionic prop ort ion s resu l ted in two 

ma jor grou p in gs ( Tab l e  3.3-2; Fig. 3.3- 2) .  However,  whereas for the cation s 

backf l ow an d fl ood p l a in bil l abongs were a l l ied,  and  c h annel  bil l abongs 

separate,  here it is the fl oodp l a in b il l abongs wh ich h a ve become is ol ated 

by a migrat ion t owards  ch l or ide.  

By the l ate Dry ( October/N ovember ) the b il l abongs d is pl ayed a wide 

range of chemic a l  c omposition ( Fig. 3. 3-3) . Conductivities r anged from 18 

t o  2600�Scm-l an d pH v a l ues s panned 3.8 un its (Tab l e  3. 3-3) . With the 

cation s, it is st il l possib l e  t o  rec ognize the t wo grou pings of the mid-Dry, 

backf l ow a n d  fl oodpl a in bil l abongs on the one h and,  and channel  bil l abongs 

on the  oth er.  An ion ic proport ion s are very sc attered but,  in c ontrast to 

the Wet when HC03 was the d omin ant an ion , most b il l abon gs are now Cl 

d ominated. Su l ph ate, a l ways the l ea st anion in the Wet ,  h a s  assumed 

dominan ce over HC03 in severa l b il l abongs by the end of the Dry (Tab l e  

3.3-3 ) ,  

It is a pparent,  then,  that with few exceptions, t h e  height of the Wet 

was charac terised by a common water chemistry,  d omin ated by N a HC03• By 

the l ate Dry , in c ontrast,  an impre ssive array of ion ic c oncentration and 

compos it ion oc curred in the bil l abongs. Despite this heterogeneity the 

bil l abongs c an be grou ped according  t o  their changes in ionic c omp osition 

during  the Dry. Some change very l it t l e.  Mos t bec ome sodium chloride 

d omin ated, and of these, s ome h a ve significant increases in sul phate. Aga in ,  

Red Lil y is un ique. The grou pings resul t in g  from these season a l  changes, 

shown in re l ation t o  the tradit ion a l  c l assif ic at ion ( Tab l e  3.3-4) , f orm the 

1 • 

I I I i 
• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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• 
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TABLE 3.3-4 A chemica l b a s is for c l a ssification of bil l abon gs 

Tradit ion a 1 Ch emica l  grouping c l a ssifica tion 

Sodiu m/magn esium Ch anne l 
bic arbon ate 

Sodium ch l oride 

Su l ph ate 

"/Esc arpmen t 
roc kpoo l 

Channel 
"/Fl oodp l ain 
"/B ackf l ow 
Backf l ow 

Fl oodp l ain 

Ch ann e 1/ 
Fl oodp l ain 

Fl oodp l ain 

Ca l c ium bic arbonate Fl oodp l ain 

l SW = Seawater 
2WAFW = Wor l d  Average Fresh water 

Bi 11 abong Gen er a l is ed ch aracteristics 

Mudginberri Main tain ionic composition 
Noar l anga of  Wet throughout  the  year. 
N imbawah K18<80�Scm- l ( a l l  year ) 

Murganel l a  5.8<p H<6.5 ( l a te Dry )  
Bowerbird 

Buffa l o  Progression during Dry 
Ku l u ku l u ku toward SW l composit ion 

-1 
) Goann a 30<K18<550�Scm ( l a te Dry 

Georgetown 4. 0<p H<6.0 ( l ate Dry )  
Coon jimba 
Gu l ungu l 
Corndor l 
Umbungbung 
Jinga l l a  � 
!..Vee j 1.-'t!>"'"":)4. 
Leichh ardt 

Isl a nd Strong se l ec t ive concen tra-
Ja Ja t ion of S04 in addition to 
Mine Va l l ey progress ion to SW l during 
Jab il u ka Dry. 
N ankeen 50<K18<looo�scm-l 'l a te Dry )  

3.5<pH<5.S (l ate Dry) 

R ed Lil y WAH!2 co�'ros i t -j on in Wet, 
proaressio� toward SW l in 
Dry. 

-1 ( K1P>50uScm .Wet ) 
200<K1S<350uScm- l ( l ate Dry ) 
pH>7.0 v irtu a l l y  at  a l l t ime� 



ba sis for the presentation of a more c ompl ete water chemi stry  of the 

b i l l abon gs ( be l ow). 

3.4 Sodium/magnesium b i c arbonate bil l abongs 

II 

This grou p  is made u p  of the channe l  b il labongs  from all three c reek 

systems ( with the exception of Buffa l o), and Bowerbird,  a channe l /r oc k  pool 

b i l l abong .  The d is t in gu ishin g feature is that they predominately maintain 

the ionic c ompos ition of the Wet ( Figs. 3.4 1- 5) . Thu s ,  the a pproximate ly 

equ imol ar  proportion s of Na and Mg, t ogether with the predomin ance of bi

carbon ate, were n ot on l y  character i stic of the Wet ( see Sect ion 3.3) . but  

a l s o  of the Dr y. The scatter of an i on ic proport i on s  was u s u a l l y  greater 

than that for c at i on s .  A few renegades were d is pl aced from the main grou p

in g. Some of these have expl anat ions ,  s ome do  n ot. For the  three Magel a  

an d N ou r l an gie b il l abongs  i n  th i s  grou p  - Bowerb i rd ,  Mudginber r i  and 

N oarlan ga - c onductiv ity values durin g  the year genera l l y  ran ged from 15 to 
1 3. +., 1,10 

30�Scm- ( Figs .  3.4-6-0), wh i l st for t wo Coopers Creek ch anne l b il l abon gs , 

N imba wah and Murganel l a ,  mu ch sma l l er in s i ze and v ol ume than the three 
1 ",q 

d iscus sed above,  c onductiv i ty c ou l d  r i se b y  50�Scm- (Fig s .  3.4� ) .  

These c onductiv i ty r i ses were sma ll by c omparis on t o  t h ose  exper ienced in 

a l most  a l l other b ill abongs .  In all the b il l abongs  of t h is grou p, pH 

fl uctuat i on s  were s l i ght  ( Fi gs .  3.4.6- 10) .  A s l i ght  downward  trend i n  pH 

was evident for Bowerb i rd,  Mu dginberri and N oar l anga. 

B owerbird,  near the headwaters of t he Magela,  appeared t o  e xperience 
'3 ...... 10 

a sh ift t owards Mg d ominance as  the  Dry progres sed ( Fig . 374=t). Th is is 

probab l y caused  b y  the pers istent infl ow main ta ined thr ou gh ou t  the Dry by 

peren n ia l  spr i ngs.  As surface water runoff decl i ned after the Wet,  s pr in g  

water wou l d  i n creasin g l y  determ i ne i n fl ow chemistry, t h u s  enhan c i ng geo

chemic a l  infl uences wh i ch genera l l y fav ou r  d i v a l en t  rather than mon ova l en t  

c at i onic d omin ance.  

Mu dginberri and N oarl anga  were very s i mil ar to one an other in  their 
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• \ ,  do 
wa ter chemistry ( F ig s .  3 . 4�) . The few except i on s  to the i r  ' n orma l ' 

ion ic compos it ion c ame durin g  the rainy months,  when seawater- type ion ic 

c omp os it ion s cou l d  occ u r  f l eetin g l y  ( e.g . Mu dginberri on 2/3/79, 17 /12/80; 

N oa r l anga  on 11/12 /79 ) .  I t  wa s a l s o apparent that the b i l l abong  wa ters i n  

the m i d-Wet con t a ined proport i ona l l y more S04 than durin g  the l ate  We t and 

Wet / Dry i nterchange.  

The  l imi ted data  for N imb awah and  Mu rgane l l a  s u ggests  that  there is 

very l itt l e  ordered change in equ iva l ent proportions of the variou s ions 

throu gh ou t  the yea r ,  despite s ome Dry season r i ses  in c onductiv ity. 

The overa l l impre s s ion of these b i l l ab ongs  is one of chemic a l  stabil ity 

on ce the  first fl u s h  of the Wet has  receded . Ion ic c omp os ition , p H  and 

s ol ute  concentrations s h ow l i tt l e  season a l  change.  That they remain s o  

d il u te a n d  unch anging is probab l y  re l ated t o  their s imil ar morph ometry. A l l 

are l on g, n arrow c h anne l bil l abongs ,  protec ted by trees,  and with c omparativ

e ly  l ow s urface to vol ume ratios . Al l these feature s  are  l ike l y  t o  reduce 

e va p oration and the c oncentration which mos t  other b il l abon gs experience. 

The observed l arge drops  in water l evel  of Mud ginberri and N oa r l a nga  in 

the  e a r l y  Dry resu l t  principa l l y from outfl ow, n ot evaporation . S ince water 

chemis try of the b il l abon gs sc arce l y  change s ,  it is assumed that any in 

c omin g  groundwater from s andy a qu ifers wou l d  a l s o h ave ret ained Wet season 

chemistry. 

3 . 5  Sod ium ch l oride b il l abongs  

Th i s  grou p ,  c ontain in g  a l l but  one ( Corndor l ) of the  backf l ow b il l a

bon g s  ( Georgetown , Coon jimba ,  Gu l ungu l ,  Umbungbun g ) .  three f l oodp l a i n  

b il l abongs  ( L eichhardt,  Wool won ga and Jinga l l a ) ,  and Buffa l o  and  Ku l u ku l u ku ,  

was d istingu ished by the marked progression o f  their ion ic chemis t ry toward 

seawater c ompos it ion. Buffa l o wou l d  be l on g  wi th the other channe l  b il l a 

b on gs were it n ot for a d istinct progress ion t owards  ch l oride durin g  the 
. 1  

D ry ( F i g .  3 . 5� ) .  
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Apart from J i ngal l a , conducti vi t i es exh i b i ted by th i s  group of b i l l a-
1 . n · "  

bongs in  the l ate Dry ranged from 30-520�Scm- ( F i gs .  3 . 5�) . The h i ghest 

va l ues were recorded i n  the two back f low b i l l abongs , Umbungbung an d Gu l ungu l , 

wh i ch ,  by v i rtue of the i ntense evaporat i on and h i gh su rface area to vol ume 

rat ios ,  may a l l but dry up dur ing prolonged dry seasons . The l owest conduct

i v i ty during the Dry was for Ku l uk u l u ku , wh i ch i s  trans i t iona l between a 

ch anne l and a f loodp l a i n  b i l l abong . J i nga l l a , where conduc t i v i ti es rose to 

2600�Scm- l dur ing the 1 980 Dry , i s  reputed to rece i ve sa l i ne i nfl ows from 

e i ther spring t i des i n  the South Al l i gator estuary , or groundwater seepage 

from shal l ow ,  seawater-contami nated aqu i fer s .  In  th is  group of b i l l abongs , 
. I I - li 

pH va l ues general l y  dec l ined over the Dry ( F i gs .  3 . 5�) , some to as low 

as 4 . 0  ( e . g .  Gu l ungu l ) .  

Increases i n  e l ectr i c a l  conduct i v i ty must be expected i n  a l l b i l l abongs 

where evaporat i ve concentrat ion. occurs du r i ng the Dry , wi th consequent 

i ncreases of i on i c  concentrat ions . Tab l e  3 . 5- 1  shows that i t  is sod i um and 

ch l or i de ,  and i n  some i nstances su l phate* , wh i ch concentrate at  the greatest 

rate , rel ati ve to i ncreases i n  conduct i v i ty .  Th i s  observat ion i s  cons isten t 

w i th the change to sod i um ch l or i de domi nance throu gh the Dry . 

Gu l ungu l i n  1 978 ( F i g .  3 . 5. b) was, apparent ly ,  a rare case , when both 

cat i on and anion progression was uninterrupted ,  and seawater proport i ons 

were atta i ned . More often, the changes to sod i um c h l or i de dominance were 

seasonal trends rather than cont i nuous , month by month events . Someti mes 
e�. 

the seawater pos i t i on for cat i ons was overshot f i gs .  3 . 5- 3i ';' t./ � ,  g i v ing 

monov a l ent : d i va l ent rat i os h i gher th an th at for seawater . 

Fol lowi ng the fi rst ra ins ,  at  the Dry-Wet i nterchange , a revers a l  of 

the trend to sod i um domi nance was ev i dent i n  some backflow b i l l abongs ( F i g .  

3 . 5, �- ? ) . S i nce at that t i me they were very sha l low remnants ,  the i nfl uence 

of rel at i vel y  l arge i nf lows of l oc a l  runoff i s  not surpr i s i n g .  The seasona l 

* ( Tab l e  3 . 5- 1  i nc l udes a l l b i l l abongs i n  the sod i um c h l or i de grou p p l us 
those i n  wh i ch su l phate hecomes important ( see below ) ) .  



(, 1 

Tab l e  3 . 5- 1 .  R ate of i n creasel , dur ing  the 1 980 Dry , of concentrat i on of 

major i ons  ( �eq l - l ) rel at i ve to changes in e l ectr i c a l  

conduct i v i ty for b i l l abongs i n  the conduct i v ity range 302_ 

3003�5cm- l , c a l c u l ated from regres s i on of condu ct i v i ty upon 

each i on .  

I on 

Na 

K 

Ca 

Mg 

504 
C l  

1 

2 

3 

r n 

4 . 83 0 . 9409 98 

0 . 84 0 . 8845 98 

0 . 93 0 . 7664 98 

1 . 1 5 0 . 7825 98 
'" 

4 . 96 0 . 6200 98 

6 . 25 0 . 9505 98 

S i nce HC03 may f a l l to zero dur i n g  the Dry, i t  cou l d  not be i nc l uded 

i n  t h i s ana l ys i s .  

Dry season K25  v a l ues l es s  than 30�Scm- l were character i s t i c  of the 

sod i um b i carbon ate b i l l abongs , i n  wh i ch compos i t i on and concentrat i on 

ch an ge l i ttl e .  These b i l l abongs h ave been exc l uded . 

S i n ce 95% of dry season conduct i v i t i es were be l ow 300�Scm-l , for 

stat i st i ca l  reasons the few samp l es w i th K25 va l ues > 300 were excl uded 

from the ana l ys i s .  The un i que Red l i ly was a l so exc l uded . 
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cyc l e  for al l b i l l abongs i s  comp l eted when f l oodwaters enter , dramat i cal l y  

reduc i ng the conduct i v i ty ( F i g .  3 . 5� \'� 1' ) and restor ing  the sod i um b i 

carbonate proport i ons of the Wet . 

3 . 6  Su l phate b i l l abongs 

Th i s  group i s  compr i sed of one backf 1 0w b i l l abong ( Corndor 1 ) ,  four 

fl oodp la in  b i l l abongs ( Ja Ja , Mine Val l ey ,  Jab i 1 uka and Nankeen ) ,  and 

I s l and , wh i ch i n  many of i ts character i st i cs  i s  i ntermed i ate between 

channe l and f l oodp la in  categor i es .  In these b i l l abongs ( except I s l and ) , 

there i s  the same trend as i n  the sod i um ch l or i de group ing , to sod i um 

c h l or i de dominance ,  as the Dry progresses but , i n  add i t i on ,  there i s  a 

strong se l ect i ve concentrat i on of su l phate ( F i gs .  3 . 6,l - 5 ;  Tab l e  3 . 6- 1 ) .  

In a few cases , j ust pr i or to the f i rst f l oods of the Wet , s u l phate may 

even d i sp l ace c h l or i de as the domi nant an i on ( e . g .  I s l and 8/1 2/80;  Ja Ja 

5/ 1 /80 ; Mine Val l ey 8/ 1 /80,  1 0/ 1 2/80 - see F i g s .  3 . 6: 1, 1 ,, 4- ) .  

At the Wet/Dry interchange , water chemi stry of these b i l l abongs i s  

s im i l ar to that of al l others , w i th pH val ues  near neutral i ty ,  low con

duct i v i t i es « 30�Scm- 1 ) and sod i um b i carbonate dominance . In the f l ood

p l a i n  b i l l abongs and in Corndor 1 there fo l l ows a progress i ve s harp r i se in 

1 4- \. 

.9 - 1�  
conduct i v i ty,  accompani ed by a drop in  pH of 2 uni t s  or more ( F i � . 3 . 6-&-+9) . 

The very l ow pH val ues are character i st i c  of the f l oodp l ai n  b i l l abongs in 

the l atter part of the Dry . The fa l l in pH was l ess  in 1 978 than in succes

s i ve years . I t  appears that the l ow pH val ues and the concentrat i on of 

su l phate are in some way rel ated . At approximate l y  the t i me when pH fal l s ,  
3 - 1  s u l phate beg ins to concentrate . In  al l cases where S04 exceeded 1 0  �eq 1  , 

pH ' s  approx imated , or fe l l  be l ow ,  4 . 0  ( e . g .  Ja Ja 5/ 1 /80 ; M ine Val l ey 

1 3/ 1 2/79,  25/9- 1 0/ 1 2/80 ) . 

Abrupt l y ,  ear ly  i n  the Wet , f l oodwaters restore sod i um b i carbonate 

domi nance , reduce the conduct i v i ty to <30�Scm- l , and br i n g  the pH back to 
. •  "'Q.. 

near neutral i ty ( F i gs .  3 . 6�) .  

I s l and b i l l abong d i splays much the same seasonal trends of pH and 
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Tab l e  3 . 6  ... 1 

I on 

N a  

C l  

S O  1 
4 

S04 

Rate of i ncrease of concentrat i on of N a t  C l  and S04 

i ons 1 (�eq l ... l )  re l at i ve to changes i n  e l ectr i c a l  

conduct i v i ty for s u l ph ate group b i l l abongs i n  the 

conduct i v i ty range 30 ... 300�Scm- l . c a l cu l ated from 

regress ion of conducti v i ty upon each i on .  

r 

4 . 92 0 . 9654 

6 . 03 0 . 9634 

3 . 37 0 . 9741 

3 . 53 0 . 701 2 

n 

32 

32 

32 

1 On l y  those resu l ts where an i on Ternary d i agrams i nd i c ated movement 

towards su l phate were i n c l uded i n  th i s  regress i on .  
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o =i-
conduc t i v i ty ( F i g .  3 . 6� )  but wi th much sma l l er amp l i tude . Based on the 

magn i tude of these changes , I s l and be l ongs more w ith  the channel  b i l l abongs , 

and i ndeed i t  does not show the progress i on to Na or C l  dom inance . How

ever , con s i stent wi th a character i ntermed i ate between channel  and f lood

p l a i n  b i l l abongs , i t  cons i stent ly  shows an i ncrease in su l phate through 
• I 

the Dry ( F i g .  3 . 6�) . 

Su l phate does not f i gure pr im inent 1 y  i n  most i n l and  waters ,  the 

majori ty of wh i ch tend to Wor l d  Average Freshwater . Where s u l ph ate i s  

present i n  s i gn i fi cant quant i t i es i t  common ly comes from oxi dat i on of 

pyri te ( Hutch i n son 1 957 ) ,  a m i neral wh i ch i s  a feature of the geo l ogy of 

the Al l i gator R i vers Reg i on ( Panconti nenta1  M i n i ng l imi ted 1 98 1 ) .  

The weathering  of pyr i te ,  i ron su l ph i de ,  proceeds as  fo l l ows 

4 FeS2 + 1 502 + 2H20 + 2 Fe2 ( S04 ) 3 + 2H2S04 
The produc t i on of H2S04 i n  th i s  react ion i s  a l i ke l y  exp l anat i on for the 

l ow pH v a l ues ( often <4 ) ,  co i nc i dent wi th rel at i ve l y  h i gh s u l phate l evel s ,  

wi tnessed i n  the f loodpl a i n  b i l l abongs at the end of the Dry . The other 

common c ause of l ow pH in n atural  waters i s  h i gh concentr at i ons  of humi c 

mater i al s ( g i 1 v i n ) ,  and th i s  has  been c l a imed for the Mage 1 a reg ion ( Fox 

1 977 ) . However , g i l v i n  v a l ue s  for the Reg i on are cons i derabl y  lower 

(Wal ker , K i rk & Tyl er 1 982 ) than those usual l y  assoc i ated w i th l ow pH . 

Further , n atural g i l v i n  concentrat i ons cons i derabl y  h i gher than those 

found in the b i l l abongs do not depress pH be l ow 4 . 5  ( K i ng & Ty l er 1 98 1 a ,  b ;  

1 982 ; R a i  & H i l l  1 98 1 ) .  

The i ncrease i n  su l phate i n  the f loodp l a i n  b i l l abongs i s  con s i derab l e  

( .  2 - 1 1 1 - 1 . e . g .  M l ne Va l ley ,  2 �eql on 25/9/80 to 3 O�eq l on 25/9/80 , pr l 0r to 

the f i rs t  r a i n s ) .  Though accurate measurements  of evaporat i ve concentra

t i on rates are unava i l ab l e ,  an external  source of su l ph ate appears probabl e .  

The mos t  l i ke l y  one i s  the i nf l u x  of groundwater ,  i ntrodu c i n g  su l ph ates 

and su l ph ur i c  ac i d  from the weather ing  of pyr i t i c  m i nera l s  i n  the catchment . 

Brown ( 1 979 ) showed that , l ate i n  the Dry, the waters of M i ne Va l l ey 

\ 
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b i l l abong bore c l ose resembl ance to the ac i d .  su l phate-r i ch ,  i ron-bear ing  

groundwater nearby, and a l so showed the  l i kel i hood of  groundwater i nf l ow 

du r i n g  the l atter part of the Dry . Pancont i nental M i n i ng l i m i ted ( 1 98 1 ) 

suggest that the other f l oodp l a i n  b i l l abongs of th i s  group are s i mi l ar l y  

i nf l uenced , and a l so that groundwater i n  the v i c i n i ty o f  I s l and  i s  

su l ph ate-enr i ched . 

As wi th some b i l l abongs i n  the NaC l group,  the trend to i ncreas i n g  

dom inance o f  the monova l ent cat ions  may be reversed dur i ng the l ate Dry . 

S i nce such reversa l s i n  the su l phate b i l l abongs may beg i n  as ear l y  as l ate 

Au gu st ( e . g .  Corndor l )  i t  i s  probabl e  that groundwater changed cat i on i c  

trends as wel l a s  i ntroduc i ng su l phate . later , dur i ng the f i rst ra i ns , 

runoff may be s i gn i f i cant i n  th i s  regard . 

I n  some years , at l east some of the f l oodp l a in  b i l l abongs ,  i nc l ud i ng 

lei chard t ,  exper i ence a sudden and dramat i c  i ncrease i n  s u l phate , w i th an 

equa l ly sudden decrease i n  pH , both co i nc i dent wi th the heavy thunderstorms 

of the Dry/Wet i nterchange ( Tabl e  3 . 6-2 - lei chardt 1 8/ 1 2/78 ; Ja Ja  5/ 1 /80 ) 
h.. 

or w i th the f i rst  gen t l e  i n f l u x  of  f l oodwater (Tab l e  3 . 6-2 ... l e i c h.ardt "-
1 0/ 1 /80 ) . Th i s  rad i c a l  water chemi stry i s  short l i ved , l ast i n g  on l y  unti l 

the f i rst  major f l ood of the Wet (Tab l e  3 . 6-2 ) .  Pancont i nenta1  M i n i ng 

l imi ted ( 1 98 1 ) s amp l ed Ja Ja at frequent i nterva l s  dur i n g  one of these 

unusua l  h appen i n g s ,  a l erted to some untoward event by a major f i sh k i l l  on 

3/ 1 /80 . F i sh death s had a l so been recorded in lei chardt i n  1 978 ( Tab l e  

3 . 6-2 ) .  Oxygen concentrat i ons i n  Ja J a  and le ichardt on these occ as ions  

were h i gher than many in  wh i ch f i sh in  these and  other b i l l abongs surv i ve ,  

s o  that death mu st  b e  attr i buted t o  some other factor o f  the changed 

chemi stry. Pancon t i nenta1  M i n i ng l im i ted ( 1 981 ) found that the runoff i nto 

Ja Ja on 3/ 1 /80 was su l phate-r i c h  and very aci d i c ,  and sought expl anat i on 

i n  the crysta l l i ne crust  wh i ch forms on the b l ack so i l s  of the f l oodp l ai n .  

When d i ssol ved i n  b i l l abong water , th i s  crust had the s ame e ffect as the 

runoff had had  on 3/ 1 /80 . Pancont i nental  M i n i ng l i m i ted ( 1 98 1 ) su ggest that 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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4-1 1 /78 
( D ) 

K25  ( )JScm-1 ) 20- 1 40 

pH 6 . 2-7 . 0  

S04 (Fq1·-1 ) 0- 1 20 

F i sh k i l l ?  -

/ 

• 

Tab l e  3 . 6-2 

• • • • • • 

Some chemi cal ch aracter i s t i cs of sel ected f l oodpl a i n  b i l l abongs 
at the Dry/Wet interchange ( OW )  and dur i ng the early Wet (W ) ,  wi th 
ranges of val ues for preced i n g  or fol l owing  Dry ( D ) , for compari son . 

Le i chh ardt Ja Ja 

1 8/ 1 2/78 1 7/ 1 /78 3-1 1 /79 8/1 /80 1 0/ 1 /80 22/2/80 5-1 0/79 5/1 /80 10/ 1 /80 2 6/2/80 
( OW )  ( W )  ( D ) ( OW )  ( OW )  ( W ) ( D )  ( OW )  ( DW )  (W ) 

1 84 1 9  1 5- 1 37 1 60 1 1 3  1 2  32-1 1 7  450 31 1 3  

4 . 3  6 . 5  6 . 5-7 . 1  6 . 3  4 . 3  6 . 0  6 . 6-5 . 0  3 . 2  5 . 8 6 . 2  

770 23 2- 1 57 220 879 23 30-273 1 228 1 1 5  30 

Yes - - - No - - Yes - -

• • 
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the crust c omes from groundwater wh i ch seeps to the surface and evaporates , 

and i den t i f i ed a l umi n i um as a poss i b l e  tox i c  consti tuent . Th i s  sudden change 

i n  water c hemi stry,  wh i l e i nvo l v ing  su l phate , shou l d  be d i st ingu i shed from 

the regu l ar seasona l  accret i on of  su l ph ate i n  the s u l phate group of b i l l a

bongs .  I n  the l atter c ase ,  gradua l  i nf l ux of groundwater i s  env i s aged , i n  

the former , a sudden i n f l u x  of m inera l -r i ch water from surface runoff , 

wh i ch may or may not occur i n  a g i ven year . When i t  does occu r ,  i t  may 

affect a b i l l abong such as Lei chardt,  wh i ch norma l l y  does not wi tness a 

season al  i ncrease i n  su l phate .  

3 . 7  Ca l c i um b i c arbonate b i l l abongs 

Red L i ly was the on l y  b i l l abong in th i s  group ,  and the on l y  b i l l abong 

ever to a pproach Wor l d  Aver age Freshwater in  i on i c  proport i on s  for both 

c at i ons and an tons ( F i g .  3 . 7- 1 ) .  

Red L i ly rece i ves water from both the East Al l i gator R i ver ,  and a l ocal  

c atchment i nc l ud ing  a number of escarpment out l i ers ,  one of wh i ch forms part 

of the southern bank of the b i l l abong . The compos i t i on of nei ther i nf l ow 

i s  known , but whatever i t  may be , i n  the middl e Wet the b i l l abon g d i ffers 

from a l l others i nvest i gated i n  being  unequ i voca l l y  ca l c i um b i carbonate 

domi nated . Sol ute concentrat i on ( i nd i cated by conduct i v i ty - F i g .  3 . 7-2 ) 

was three t imes the Wet season va l ues for the Mage l a .  Contact w i t h  l ime

stone i s  suspected . 

I n  common w i th f l oodp l a i n  and back f l ow b i l l abon gs , conduct i v i ty va l ues 

rose steep l y  dur i ng the Dry . I n  contrast , pH scarce l y  var i ed through the 

year , and ,  un l i k e  other b i l l abon gs ,  was a l ways above 7 . 0  ( F i g .  3 . 7- 2 ) .  Th i s  

i s  probab l y  a ref l ect i on of the strong b i carbonate dominance throughout the 

year . However , though b i carbon ate rema i ned domi n ant , there was a trend 

towards c h l or i de through the Dry, matched by a trend from ca l c i um towards 

sod i um ( F i g .  3 . 7- 1 ) .  I n  th i s ,  Red L i l y  shows the s ame seasona l  tra i ts as 

a l l but the channe l b i l l abongs ,  but d i ffers in the i n i t i a l preponderance of 

c a l C i um, and i ts retent i on of b i carbonate dominance . Surpr i s i ng l y ,  c a l c i um 
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d i d  not concentrate dur i ng the Dry, but f l uctu ated capr i c i ou s l y  about 

500�eq l - l  unt i l l ate i n  the Dry when i t  dropped to 1 20�eq l - l . The l atter 

event may h ave been caused by photosynthet i c  prec i p i tat i on of CaC03 at the 

t i me of max i mum macrophyte b i omass ( Wa l ker , Waterhou se & Tyl er 1 982 ) i n  

the b i l l abon g .  

3 . 8  E l ectr i c a l  conduc t i v i ty and i on i c  so lutes 

The e l ectr i c a l  conduct i v i ty of natura l  waters prov i des a rap i d ,  

v i c ar i ous  measure of sa l i n i ty .  For samp l es from al l b i l l abongs  dur i n g  

1 980 , i n  the conduc t i v i ty range K25  = 30-300�Scm- l , the fol l ow ing  

re l at i onsh i ps were found . 

(mg l - l , r = 0 . 9399 , n = 1 1 3 )  

( - 1 ) meq l , r  = 0 . 9800 , n = 1 1 3  

Va l ues outs i de th i s  range were exc l uded for stat i st i cal  reasons ( see 

Tab l e  3 . 5- 1 ) .  
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4 .  RE SULTS - I NFLUENCE OF GROUNDWATER 

Enr i chment of the fl oodp l a i n  b i l l abongs wi th su l ph ate , du r i n g  the 

l atter h a l f  of the Dry, suggested i nf l ux of a s u l phate-ri ch groundwater . 

Panconti nent a l  M i n i ng L i mi ted ( 1 9B l ) reported su l phate-r i ch groundwater 

near severa l b i l l abon gs , and suspec ted that i t  affec ted b i l l abong 

chemi stry .  For th i s  reason , the pos s i b i l i ty of groundwater i n f l uence 

on Jab i l uk a  was i nves t i gated . The usual  method for obt a i n i n g  groundwater 

- surface water i nterac t i on s , that of s i t i ng observat i on bores near the 

shores and measur ing the d i str i but i on of hydrau l i c head and permeab i l i ty 

( Lee 1 97 7 ) ,  was adopted . An attempt was made to i dent i fy poss i b l e  surface 

aqu i fers feed i n g  Jab i l uk a .  Ten bores were estab l i shed ( F i g .  4 . 1 )  ear l y  

i n  November 1 980,  i n  addi t i on t o  those of Panconti nental  M i n i ng L imi ted 

wh i ch were a l so mon i tored . 

Wh i l st  estab l i sh i ng the boreho l es ,  l arge d i fferences i n  so i l  type 

at d i fferent po i nts  On the shorel i ne were noted . Tab l e  4 . 1  shows that 

most s i tes had  c l ays , of v ar i ous col ours and textures , extend i n g  throu gh

out the prof i l e .  Bores 8- 1 0 ,  a t  the southern end ,  h ad a h i gh ly organ i c  

l ayer be l ow 1 . 5 m .  The l ayer i n  bore 1 0  contai ned l arge p i eces o f  wood . 

Hart ( pers . comm . ) a l so found i ntact wood , at a s im i l ar depth , on the 

fl oodpl a i n  between Mudg i nberr i and I s l and . At the north-east end of  the 

b i l l abong there were s andy s o i l s .  At bore 1 ,  pure sand overl ay a 

comparat i ve l y  dry , brown - grey c l ay .  Further south ( bores 2-4 ) a few 

cent imetres of brown , sandy so i l  overl ay a l i ght grey s and-c l ay m i xture . 

The l i thol ogy of the bores appeared to determine the permeab i l i ty 

and d i sch arge capac i ty of the aqu i fers wh i ch they tapped . The bores i n  

the c l ay so i l s  y i e l ded water very s l owly,  whereas  bores i n  the sandy 

regi on f i l l ed a l most  i nstantaneou s l y .  Th i s  suggests that there i s  a 

permeab l e  corri dor of s andy so i l a l ong the north-eastern shore l i ne .  

Tab l e  4 . 2  shows that on l y  i n  the sandy reg i on was the watertab l e  

hydrau l i c a l l y  h i gher than the b i l l abong surface . Further , i n  that reg i on ,  
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• F i g .  4 . 1  

• 

I 

BOREHOLE 8 (. O HI7 m) 

(om) 

BORE HOLE • 
(0-05 III) BOREHOLE � � (O B21 m) 

BOREHOLE 6 
(0-1121 m) 

100 m 

N 

Out l i ne map of Jab i l uka bi l l abong showi ng l ocat i on of 
boreho l es .  The r im  hei ght of each cased borehol e  above Om 
l evel on the gauqe board at the gau g i ng stat ion i s  shown . 
Poreho l es 4 and 5 were i nst a l l ed by Pancontinent a l  M i n i ng 
L i r:1 i ted . 



Tab l e  4 . 1  

Boreho l e  

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

1 2  

Some cha rac ter i s t i c s of boreho l es a t  Jab i 1 uk a  b i l l abon g 

Hor i zon 

A 

B 

A 

B 

A 

B 

C 

A 

B 

A 

B 

C 

A 

B 

C 

A 

B 

C 

D 

A 

Descr i pt i on 

Wh i te s an d  

Brown - grey c l ay 

Brown s an dy s o i  1 

L i ght  grey s and-c l ay mi x t u re 

B rown s andy so i l  

Dark grey s and- c l ay m i xture 

L i gh t  grey s and- c l ay m i x ture 

Brown s andy s o i l 

Orange s and-c l ay m i x ture 

( P ancont i nen t a l  M i n i n g L i m i ted ) 

( P ancon t i nen t a 1  Mi n i n g  L i mi t ed )  

No d a t a  

Brown - b l ack c l ay so i l  

Grey c l ay 

Brown -b l a ck , s u l phurous organ i c  c 1 ay
l 

Brown-b l ack c l ay s o i l 

Grey c l ay 

Dark b rown organ i c  c l ay2 

Brown - b l ack c l ay s o i l 

Grey c l ay 

B rown c l ay 

H i gh l y  organ i c  l ayer i nc l ud i ng p i eces 
of wood 

Brown - b l ack c l ay s o i l 

B Grey-brown c l ay 

A 

B 

C 

Grey- brown c l ay 

D ark grey c l ay 

Grey-b rown c l ay 

Y i e l d 

Seepage 

Good f l ow 

Good f l ow 

H i gh f l ow 

Seepage 

Seepage 

Seepage 

Seep age 

Seepage 

1 When l eft to dry ,  a coat i n g  of s u l phur formed on the surface . 

2 When l eft to dry ,  a coat i n g of wh i te c rysta l s ( CaC03 ? ) formed on the 

s u rface . 
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• 
Tab l e  4 . 2  Hydrau l i c  head i n  boreho l es ,  rel at i ve t o  b i l l abong water 

surface . and chan ge i n  th i s  head re l at i ve to a f i xed 

arb i tr ary gauge board datum between 5/ 1 1 /S0 and 26/ 1 1 /S0 . 

• The boreho l es marked wi th an asteri s k  are i n  sandy so i l .  

For Pancon i nenta l M i n i n g  L i mi ted ' s  bores ( 5  and 8 )  l i th -

o l ogy i s  n o t  known , but from the i r prox im i ty to  4 a s andy 

prof i l e  i s  presumed . 

• 
Hydrau l i c head ( m )  re l a t i ve to b i l l abong Change i n  

s urface hydrau l i c  
Boreho l e  �/ l 1  /80 1 1 / 1 1 /80 26/ 1 1 /S0 head ( m )  

• -0 . 1 44 -0 . 056 -0 . 307 -0 . 263 
2* -0 . 007 +0 . 006 -0 . 003 -0 . 096 
3* +0 . 075  +0 . 089 +0 . 075  -0 . 1 00 
4* +0 . 047 +0 . 052 +0 . 1 7 5  +0 . 028 

• 5* -0 . 1 74 -0 . 1 59 -0 . 1 57 -0 . OS3 
6* +0 . 423  +0 . 35 1  +0 . 437 -0 . OS6 
7 -0 . 355 -O . l S l -0 . 249 
S -0 . 4S0 -0 . 7 1 0  

• 9 -0 . 1 7 1  -0 . 201  -0 . 383 - 0 . 31 2 
1 0  -0 . 341 -0 . 343 -0 . 3 1 9  -0 . 1 40 
1 1  -0 . 1 4S -0 . 222 -0 . 409 -0 . 361  
1 2  .. 0 . 35 3  -0 . 298 -0 . 495 -0 . 242 

• 

• 

• 

• 

• 



water l eve l s i n  the borehol es dropped muc h  l ess  than e l sewhere over the 

three week per i od of i nvest i gat i on ,  i nd i cat ing  s i gn i f i cant groundwater 

rech arge . At s i te 4 ,  the l evel actu a l l y  i ncreased . These data i nd i c ate 

that groundwater ; s  l i ke ly  to enter the b i l l abong i n  th i s  reg i on .  

F l ow paths of groundwater , i nd i cated by rel at i ve water l evel s ,  are 

d i ff i cu l t  to determ i ne from the sma l l number of bores . However ,  the 

l eve l s  in bores 1 �6 do suggest a north -westerl y  f l ow a l ong  the grad i ent  

from h i gh to l ower water l eve l s ,  w i th i n  the  sandy sed i ment s  of the north

eastern bank . 

Chemi ca l  an a l yses of bore waters on 6/ 1 1 /80 showed con s i derab l e  

var i ation from bore t o  bore ( Tab l e  4 . 3 ) . I t  i s  c l ear that conduct i v i ty 

val ues are very much l ess  ; n  the sandy reg i on than i n  the c l ay so i l s ,  and 

are of the same order as i n  the b i l l abon g .  Th i s ,  together w i th the 

hydrau l i c data , suggests that groundwater i s  f l ow ing  in the s andy soi l 

but res i di ng for l on g  per i ods i n  the c l ay where conduct i v i ty v a l ues are 

very much h i gher than ever ach i eved i n  the b i l l abong . Further , wi th the 

except ion of bores 8 and 1 0 ,  the c l ay borehol es were a l k a l i ne ,  whereas 

the sandy ones were ac i d ,  l i ke the b i l l abon g .  The reason for the h i gh 

ac i d i ty i n  bores 8 and 1 0 ,  the two w i th organ i c  l ayers , i s  not known . Al l 

of the sandy bores , and ha l f of the c l ay bores , h ad su l phate domi nance 

( Tab l e  4 . 3 ; F i g .  4 . 2 ) ;  in the b i l l abon g ,  s u l phate was a c l ose second to 

ch l or i de .  

Al l the above ev i dence po ints  t o  the  i n f l u x  of groundwater , r i ch i n  

su l ph ate , from a s andy aqu i fer . Th i s  wou l d  account for the enr i chment 

of su l phate i n  b i l l abong waters through the Dry , and a l so contr i bute to 

the i ncrease i n  conduct i v i ty .  
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6/ 1 1 / 1 980 .  



Tab l e  4 . 3 Chem i cal  characteri s t i c s  of boreho l es ,  s amp l ed on 6/11 /BO . Bores 
i n  s andy l ocati on s  are marked wi th an asteri sk .  

Boreho l e  
PARAMETER 1 2* 3* 4* 8 9 1 0  1 1 1 2  Jabi 1 uk a  

b i  1 1  abong 

laboratory pH 7 . 45 3 . 60 4 . 00 5 . 1 0 2 . 65 7 . 40 3 . 05 7 . 35 8 . 45 4 . 30 
Con duct i v i ty at 1 8°C 

( uScm- 1 )  20 1 0  405 94 2 10  4630 5930 1 060 1 440 3700 1 77 

Sod i um 1 
( mg1 - ) 1 28� 1 1 6 . 6  4 . 0  1 9 . 9  289 . 8  420 . 2  43 . 9  1 5 1 .  1 565 . 8  1 7  . 0  
( ueq % )  24. 7  34 . 4  49 . 0  61 . 0  32 . 7  23 . 2  33 . 2  45 . 3  7 1 . 3  59 . 2  

Potas s i um :.. (mg1 -1 ) 1 7  . 0  6 . 2  1 . 7 3 . B 52 . 5  42 . 9  1 5 . 2  9 . 0  22 . 8  4 . 8  
( ueq % )  1 . 9 7 . 6  1 2 . 4  6 . 9  3 . 5 1 . 4 6 . 8 1 . 6  1 . 7  9 . 9  

Ca l cium CJ!!: 

(mg1 - 1 )  8 1 . 2  3 . 7  1 . 4 3 . 8  79. 6 449 . 0  1 9 . 6  78 . 0  59 . 9  2 . 5  co 

( ueq %)  1 8 . 0 8 . 8  1 9 . 4 1 3 . 5  1 0 . 3  28 . 5  1 7  . 0  26 . 9  8 . 7  9 . 9  
Magnes i um 

(mg 1 -1 ) 1 52 . 8  1 2 . 6  0 . 8  3 . 2  251 . 3  452 . 4  30 . 1 46 . 4  77 . 4  3 . 2  
( ueq %)  55 . 4  49 . 2  1 9 . 2  1 8 . 5  53 . 4  46 . 9  43 . 0  26 . 2  1 8 . 3  2 1 . 0  

Ch 1 0ri dj 
( mg 1 - ) 1 00 . 1 1 7 . 5  6 . 5  1 6 .  1 887 . 5  2 1 3 . 7 63 . 2  1 42 . 7  391 . 9  27 . 1  
( ueq % )  1 4 . 7  24 . 0  36 . 4  26 . 4  44 . 5  9 . 7  39 . 3  24 . 9  5 1 . 0  57 . 2  

Su 1 phatj 
247 . 4  56 . 1  1 1 . 3 43 . 7  1 1 08 . 7  1 700 . 1  97 . 6  1 03 . 3  77 . 7  20 . 3  (mg1 - ) 

( ueq %)  36 . 3  76 . 0  63 . 6  7 1 . 4  55 . 5  77 . 3  60 . 7  l B . O  10 . 1 42 . 8  
B i carbonate (mg 1 -1 ) 575 . 2  0 0 2 . 3  0 492 . 9  0 562 . 4  5 1 3 . 6  0 

(ueq % )  49 . 0  0 0 0 . 2  0 1 3 . 0  0 57 . 1 38 . 9  0 

• • • • • • • • • • • • 
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5 .  RESULTS - NUTR I ENT STATUS 

5 . 1  Preamb l e  

� o  

N i trogen and phosphorus compounds are essent i a l  cel l u l ar components 

of a l l organ i sms . Un l i ke most other cel l u l ar const i tuents such as carbon , 

i ron an d s u l phur ,  n i trogen , and espec i a l l y  phosphoru s ,  are often i n  

short supp l y .  They are the two nutri ents most  l i ke l y  to l i mi t b i o l og i c a l 

produc t i v i ty i n  terrestr i al  and aquat i c  ecosystems . Un l i ke the maj or i on s ,  

n i trogen and phosphoru s are non-conservat i ve ,  be i n g  rap i d l y  cyc l ed i n  

the b i osphere . 

The chemi cal  form i n  wh i ch these two e l ements occurs i s  cri t i ca l  for 

i den t i f i cat i on and quant i f i cat i on of nutr ient sources and cyc les  i n  fresh

waters , and analyt i c a l  s trate g i es seek to separate phosphorus and 

n i trogen i nto var i ous  frac t i on s .  The f i rst  frac t i onat i on separates d i s 

sol ved and seston i c  forms , by f i l trat i on o r  centr i fugat i on . The seston 

i s  the l i v i n g  ( p l ank ton ) and non- l i v i ng ( tr i pton ) suspended , p art i c u l ate 

matter .  A number of  techn i ques have been proposed for further frac t i ona

t i on ( O l sen 1 967 ) .  The  l i ke l y  forms in  wh i ch phosphorus and  n i trogen 

occur i n  freshwaters are shown i n  Tab l e  5 . 1 - 1 . 

Con s i derab l e  controversy surrounds the fract i onat i on of tota l  

phosphoru s .  There i s  uncerta i n ty a s  t o  t h e  spec i f i c i ty and accuracy o f  

many o f  t h e  analyt i c a l  techn i ques ; there are doubts  th at the frac t i ons 

def i ned an a lyt i ca l ly  correspond c l ose l y  w i th forms in nature ( Burton 1 973 , 

Ol sen 1 96 7 ,  R i gl er 1 964 ) .  For examp l e ,  f i l trat i on purports to separate 

d i s so l ved  and part i c u l ate fract ions . I n  rea l i ty much of the co l l o i d a l  

phosphoru s may b e  reta i ned by the f i l ter ( R i g l er 1 964 ) . Orthophosphate 

concentrat i ons  are probab ly overest i mated becau se of hydro l ys i s  of some 

l ab i l e  organ i c phosphoru s compounds dur i ng an a l ys i s  (Wetzel and L i kens 

1 979 ) . The ox i dat i ve ac i d  d i gest ion ,  frequent l y  emp l oyed in determi n at i on 

of ' tota l  phosphoru s ' , frees a l l the phosphoru s except that i n  res i stant 



• 

Tab l e  5 . 1 - 1  

Di ssol ved P 

Orthophosphate P04-P 

( d i �sol ved inorgan i c  P )  

Gaseou s N 

N2 , N2O , NO I norgan i c  

L i kely forms of phosphoru s and n i trogen i n  freshwaters 
( after Vol l enwe i der 1 968 ) . 

Seston i c  P 
-

As organ i c  As mi nera l parti c l es Organ i sms 
col l oi ds and/or (e . g .  apat i te )  and/or 
comb ined w i th adsorbed on i norgan i c  
an adsorpt i v e  comp l exes such as 
col l oi d  c l ays . carbon ates and 

Fe ( OH ) 3 

Adsorbed on detr i tu s  
and/or present i n  
organ i c  compounds 

D i ssol ved N Seston i c  N 

compounds Organ i c  compounds Organi sms Organ i c  detri tus and 
such as am i no ac i ds or i norgan i c  and 

organ i c  compounds 
( NH3 , N02 , N03 ) pepti des and adsorbed on part i c l e  

pol ypepti des 

D i s so l ved a l bumi n  
and other organ i c  
compounds 

• • • • • • • • • • • 
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mi nera l s  such as fel dspars and i lmen i te ( Burton 1 973) . I t  i s  u su a l  to 

refer to the numer i c a l  d i fference between th i s  ' total  phosphorus '  and 

orthophosphate-phosphorus as ' organ i c  phosphoru s ' ,  but th i s  quant i ty may 

i nc l ude a s i gn i f i cant i norgan i c  part i c u l ate component ,  such as ortho

phosphate adsorbed on c l ay part i c l es ( s·.ee Tab l e  5 . 1 - 1 ) .  

The e l u c i dat i on of nutr i ent cyc l es i n  freshwaters has attracted mu ch 

attent i on i n  recen t years . For both phosphorus and n i trogen , cyc l i ng i s  

comp l ex and l arge ly  b i och emi ca l . The cyc l i n g  of  phosphorus i s  part i cu l ar l y 

rap i d ,  resu l t ing  i n  very l ow concentrat i ons  of orthophosphate « 5% ; Wetzel 

1 975 ) in most  natural  waters . Most phos phorus i s  conta i ned w i t h i n  the 

l i v i ng seston , pri mar i ly a l gae . In  the open water a rap i d ,  metabo l i c  

cyc l e  beg ins  w i th the secret i on of h i gh l y  l ab i l e ,  l ow mol ecu l ar we i ght 

phosphoru s compounds from the pl ankton . Th i s  i s  taken up by the h i gh 

mo l ecu l ar we i ght , d i s so l ved col l o i dal  fract i on ,  and subsequently  re l ea sed 

as sol ubl e orthophosphate wh i ch i s ,  in turn , rap i d l y ass imi l ated by the 

b i ota ( Lean 1 973 ) . 

Phosphorus i s  added to th i s  system by the i nf l ows , and l ost  from i t  

i n  the outfl ow and by l os s  to the sed i meDts ( F i g .  5 . 1 - 1 ) . I n  many cases 

the troph i c  statu s of waterbod i e s  i s  determ i ned by the s i ze of th i s  

externa l  phosphoru s l oad i ng together wi th any i nternal  l oad i ng that may 

occur . An extens i ve l i ttoral zone , espec i a l l y i f  co lon i sed by dense 

mac rophyte beds , may i n f l uence cons i derab ly  the i nternal  l oad i n g  ( Wetzel  

1 97 5 )  . 

The n i trogen cyc l e  i s  bas i ca l ly  mi crob i a l i n  nature , i n  wh i ch 

b acter i a l ox idat i on and reduct i on of n i tro gen compounds are cou p l ed w i th 

photosynthet i c  ass i m i l at i on and ut i l i zat i on by a l g ae and macrophytes 

( Wetzel 1 975 ) .  The cyc l e  i n vo l ves the b i ochemi ca l  processes of n i trogen 

ass i mi l at i on ,  ammon i f i cat ion ,  n i tr if i cat i on , and den i tr i f i c at i on ( Brezon i k  

1 97 3 )  ( F i g .  5 . 1 -2 ) . As s imi l at i on o f  i norgan i c  n i trogen i nto organ i sms 

predomi nately in vol ves uptake of ammon i a ,  and to a l es ser extent n i trate . 
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The reverse , whereby organ i c  n i trogen i s  returned to the i norgan i c  n i trogen 

poo l as ammon i a ,  i s  termed ammon i f i cat i on ;  aerob i c  autotroph i c  bacter i a  

ox i d i se ammon i a  to n i tr i te and n i trate duri ng n i tr i f i ca t i on ,  wh i l s t the 

process  of den i t ri fi cat i on reduces n i trate to mo l ecu l ar n i trogen . 

Mu ch of the atten t i on pa i d  to p l ant nutr i ents i n  freshwaters i n  

recen t years , stems from a l arm a t  the rap i d  deter i orat i on of water 

qua l i ty consequent upon enri chment by phosphoru s and n i t rogen . Th i s  

process of eutroph i cat i on i nvol ves qual i tati ve and quant i t at i ve changes i n  

l i ttora l , benth i c  and p l ankton i c  fauna and f l ora , decreases i n  tran sparency , 

A 
redu c t i on i n  d i sso l ved oxygen , and general  i mpai rment of water ut i l i ty 

'o r\ q{  e .,.. ..u.., .... v., o f S c. i-(; �c",-.;i 
( �A1 969 ; Barabas 1 98 1 a , b ) . 

S i nce n i trogen , and, part i cu l ar ly .  phosphoru s ,  are heav i ly i mp l i cated 

in the eutroph i cat ion proces s ,  at tempts have been made to determine  yard

st i cks  for def i n i ng cr i t i ca l  c oncentrat i ons of t hese nutri ents , and for 

c l as s i fy i n g  l ake troph i c  l eve l s .  The troph i c  c l as s i f i cat i on of Vol l en 

wei der ( 1 968 ) (Tab l e  5 . 1 -2 )  has  ga i ned w ide acceptance . 

Vol l enwe i der ' s  troph i c  scheme i s  based on total  phosphorus rather than 

orthophosph ate , but on d i sso l ved i norgan i c  n i trogen rather than total  

n i trogen . Total  phos phorus i s  a more representat i ve measure of the 

phosphate poo l than is orthophosphate-P , because of the rap i d  k i net i c s  

o f  the phosphoru s cyc l e  ( Wetze l 1 975 ) . By contra s t ,  much organ i c  n i trogen 

occurs in forms res i stant to rap i d  bacter i al degradat i on ( Co l e  1 975 ; Wetzel  

1 97 5 ) ,  l i m i t i ng n i trogen re generat i on from th i s  source . Th i s ,  coupl ed 

wi th the preference for ammon i a  and n i trate i n  n i trogen uptake by organ i sms 

( Brezon i k  1 973 ) ,  impl ies  that the comb i ned concentrat i ons of these two 

fract i ons  are representati ve of the pool of b i o l og i ca l ly-ava i l ab l e  n i trogen . 

Al thou gh the word eutroph i c at i on refers , l i tera l l y ,  to nutr i ent  enr i chment ,  

the process  i s  frequent ly  recogn i zed more by i ts effects ,  part i cu l ar l y  that 

of great l y  enhanced pri mary product ion .  Accord i n g l y, a number of b i o l og i c al  

i nd i ces of troph i c  status , such  as ch l orophyl l concentrat i ons and annu a l  

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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Tab l e  5 . 1 -2 A c l as s i f i cat i on of troph i c  status  based on nutr i ent 

concentrat i ons ( after Vo l l enwe i der 1 968 ) .  

Troph i c  s tatus 

1 .  U l tra-ol i gotroph i c  

2 .  O l i go-mesotroph i c  

3 .  Meso-eutroph i c  

4 .  Eutroph i c  

5 .  Hypereutroph i c  

Tot a l - P  
(}Jg l - l ) 

<5 

5 - 1 0  

1 0-30 

30- 1 00 

> 1 00 

<200 

200-400 

300-650 

500- 1 500 

> 1 500 
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produ ct i on ,  have been u sed ( Sak amoto 1 966 ; Vo l l enwe i der 1 968 ; Wa l ms l ey 
.... , L.. 

and Butty 1 980 ) i n  add i t i on to nutr i ent concentrat i on s .  
" 

Al though n i trogen , and somet i mes trace e l ements , may l imi t product i -

v i ty ,  phosphoru s i s  the one e l ement most l i ke ly  to i ncrease product i on i f  

added a l one t o  a waterbody . As such , i t  i s  the e l ement most  frequent l y  

i mp l i cated i n  eutroph i cat i on ( Va l l entyne 1 974 ) ,  and t h e  one o n  wh i ch 

abatement progr ammes are centred . 

5 . 2  An a l yt i c a l  techn i que 

The preferred method for fract i onat i on of phosphorus s pec i es i n vo l ves  

an i n i t i a l f i l trat i on through 0 . 45 �m membranes ,  i dea l l y  c arri ed out  in  

the f i el d ,  or  very soon after samp l i ng ( Burton 1 973 ;  O l sen 1 967 ) .  

l aborator i e s  emp l oy cheaper and coarser g l ass f i bre f i l ters . 

Many 

Many of the b i l l abongs become so turb i d  that f i l trat i on through 

membranes i s  d i ff i cul t ,  and the sed i ment s so f i n e l y  d i v i ded  that 0 . 45 �m 

membranes remove on ly a port i on of the suspended mater i a l . To be sure of 

remov i ng most sol i ds ,  sequent i a l f i l trat i on ,  cu lm inat i ng  i n  O. 1 �m membranes 

(Wal ker,  K i rk and Tyl er 1 982 ) ,  w i th frequent changes of f i l ter , i s  requ i red . 

Th i s  i s  t i me consuming and expens i ve .  For these reason s , s amp l es cou l d  

not be f i l tered before freez i n g  for transport . I t  i s  pos s i b l e  that th i s  

has  l ed to overest i mat i on of orthophosphate-P ( P04-P ) ,  throu gh rupture of 

phytopl ank ton on freez ing  and extrac t i on ,  re l ease of  phosphorus from 

read i ly-hydro lyzab l e  organ i c  mater i a l , and re l ease of phosphorus adsorbed 

on c l ay part i c l es ( A .  McComb , pers . comm ) . However , i t  i s  cons i dered that 

any overes t i mat i on i s  s l i ght , s i nce the rat i o  of P04-P to total  P i s  

es sent i a l l y  the s ame for turb i d  and non-turb i d  waters . Further, any over

est imati on represents phosphoru s wh i ch ; s  read i ly hydro l yzab l e  and , there

fore , probab l y  avai l ab l e  to a l gae . The term "reac t i ve phosphorus"  may be 

preferred to P04-P . As a measure of phosphorus avai l ab i l i ty ,  th i s  "react i ve 

phosphoru s "  fraction may be more real i s t i c  than that of P04-P str i ct l y  i n  
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the d i ssol ved . Because the overest imat i on i s  l i ke l y  to  be sma l l ,  the 

term P04�P  i s  reta i ned . 

Orthophosphate-P  genera l l y  accounts for l es s  than 5% of tota l  phos

phoru s in natural surface waters ( Wetzel 1 975 ) , and i n  h i gh l y  product i ve 

trop i c al  waters , orthophosph ate may be v i rtu al l y  undetectab l e  { e . g .  L ake 

George,  Uganda ( Ganf and V i ner 1 973 ) . However , except i ons  to th i s  

general  statemen t ,  i nc l u d i ng many i n  the trop i c s , are l e g i on .  I n  L ago do 

Casthano,  Amazon i a ,  P04-P  accounts for 0-65% of tota l  phosphoru s ,  depend

i ng upon season ( Schm idt  1 973 ) . Orthophosphate i s  usu a l l y  between about 

20% and 60% of the total  phosphorus i n  the Afr i can l akes  V i ctor i a  (Tal l i ng  

1 966 ) and Mutanda ( Ta l l i n g  and  Ta l l i ng  1 965 ) ,  wh i l e  i n  Lakes  Al bert 

( Ta l l i ng 1 963 ) an d Mu l ehe ( Ta l l i ng and Tal l i ng  1 965 )  p04-P const i tutes 

prac t i c a l ly  a l l  t he tota l  phosphoru s .  Thu s ,  the f i n d i ng in the present 

study that in the Reg i on ' s  b i l l abongs P04-P common l y  accounted for 20-40% , 

and at t i mes i n  excess of 70% ,  of the tot a l  phosphorus ,  i s  ent i re ly  

feas i b l e .  

5 . 3  Temporal  character i s t i c s  

As for maj or i ons , dur i ng t he Wet ( February ) nutr i ent  concentrat i ons  

were at  a m i n i mum and re l at i ve l y  constant over the  range of  b i l l abongs  i n  

the Reg i on ( Tab l e  5 . 3- 1 ) .  I n  genera l , the m i d-Wet i s  ch aracter i sed by 

tot a l -P ( T P )  concentrat i on s  of be l ow 45�g l - l , i norgani c -N ( I N )  be l ow 35 

�g l - l , and total -N (TN )  < 1 200�g l - 1 . These nutr i ent l eve l s p l ace the b i l l a

bongs , at  th i s  t ime of h i gh f l ow and rap i d  f l u sh i n g ,  i n  the meso-eutroph i c  

or eupo l ytroph i c  c l as s i f i c at i ons  of Vol l enwe i der ( 1 968 ) based on total -P ,  

and i n  the u l tra-ol i gotroph i c  l evel  based on i norgan i c-N o The I N : P04-P l 
rat i os were gener a l l y  l ess  than 1 0 ,  often cons i derab l y  so . As w i th  major 

'----�� , - ,-----. 

i on chemi stry, Red L i l y  was a renegade , w i th  tota l -P l eve l s  con s i derabl y  

h i gh er than a l l other b i l l abongs . 
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Tab l e  5 . 3- 1  Concentrati ons o f  tot al  phosphorus  ( TP ) .  orthophosphate-P 
( P04-P ) .  i norgan i c  n i trogen ( I N = NH4+N03 ) and total n i trogen 
( TN ) .  and the I N : P04-P  rat i os ( by we i ght ) dur ing  the m i dd l e  

• 

• 

Wet ( February ) . • 

Nutr i ents ( lJg l -'
) • B i  1 1  abong 

TP PO�-P I N  TN IN : POa-P 
1 980 1 980 1 980 1 980 1 980 1 981  1 980 

( 1 98 1  ) ( 1 981  ) ( 1 98 1 ) 

• 
Bowerbi rd  20  ( 6 )  ( 7 )  299 ( 1  . 2 )  
Georgetown 20 33 3 1 7 987 436 5 . 7  
Gu l ungu l 1 6  30 1 18  969 259 1 8 . 0  
Goann a 3 1  26  7 3 1  45 1  1 77 4 . 4  • 
Mudg i nberri 1 3  20 1 34 6 1 8  1 023 34 . 0  
I s l and  1 9  ( 7 )  ( 1 0 )  433 304 ( 1 . 4 )  

J a  Ja 1 5  1 6  4 34 993 378 8 . 5  
M ine  Val l ey 1 3  20  1 1 2  885 4 1 8  1 2  • 

Lei chh ardt 5 5 1 7  969 3 . 4  
Jab i l uk a  1 4  42 2 1 7  9 1 9  778 8 . 5  
N ankeen 1 1  23  3 24 1 036 1 77 8 . 0  
Noar l anga  1 4  2 1  2 1 8  943 720 9 . 0  • 
Umbungbung 1 3  33  2 18  6 1 5 5 1 9  9 . 0  
Ku 1 uk u l uk u  1 5  ( 4 )  ( 6 )  358 ( 1 .  5 )  

J i nga 1 1 a  1 6  22  1 1 3  952 337 1 3 . 0  
N i mb awah 24 ( 1 5 )  ( 1 4 )  52 1 ( 0 . 9 )  • 
Murgane 1 1 a  
Red L i ly 5 1  1 08 1 5  1 4  1 1 36 552 0 . 9  

• 

• 

• 
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By Ju ly ,  the mi d-po i nt of the Dry , the homogene i ty i n  nutr i ent l evel s 

ch aracter i s t i c  of the Wet had d i sappeared ,  and two grou p i ngs of b i l l abon gs 

cou l d  be d i st ingu i shed , both on the bas i s  of total - P  and total -N concentra

t i ons ( Tab l e  5 . 3-2 , 3 ) .  The f i rst group ,  predominant ly channe l b i l l abongs , 

had changed l i tt l e  s i nce the Wet . Aga i n ,  I N : P04-P  rat i o s  were l ow .  I n  

Red L i ly ,  tota l -P va l ues h ad dec l i ned s i nce the Wet , to those o f  other 

b i l l abongs  i n  th i s  grou p .  I n  the second grou p ,  a l l nutr i ent spec i es 

showed i ncreases over the Wet val ues . 

By the l ate Dry ( October/November ) ,  d i fferent i at i on i nto three ma in  

groups of  b i l l abongs on  the  bas i s  of tota l -P l eve l s  was  obv i ou s  ( Tab les  

5 . 3-4 , 5 ) . A s im i l ar s i tu a t i on has  a l ready been noted w i th regard to major 

i on chemi stry ( Sect i on 3 . 3 ) . However , i n  contrast to the l atter , the 

three nutr i ent groups corresponded fu l l y w i th the morphometr i c  c l ass i fi ca

t i on of b i l l abongs (Tab l e  5 . 3-5 ) .  I n  i ts nutri ent character i st i cs , Red 

L i l y resemb l ed the channel b i l l abongs . I norgan i c -N and tota l -N l eve l s  

appeared to be l ess  d i agnost i c  than tota l -P l eve l s ,  except for ch annel  

b i l l abongs , wh i ch were c l ear ly d i fferent i ated from a l l others by a l l 

three nutr i ent parameters .  L eve l s  of both phosphorus and n i trogen i n  the 

channel b i l l abong s  su ggest l i tt l e  change in troph i c  status dur i n g the Dry, 

whereas r i ses i n  total - P  concentrat i ons  of more than an order of magn i tude 

character i se the f l oodpl a i n  and backf low b i l l abongs { Tab l e  5 . 3- 1 , 5 } .  Thu s , 

w i th few except ions , the waters of these l atter b i l l abong types fa l l w ith in  

the  hypereutroph i c  category of  Vol l enwe i der for tota l - P o  The  response of  

i norgan i c-N concentrat i ons  to  the  pass ing  Dry i s  more var i ab l e ,  wi th 

troph i c  status on th i s  bas i s  vary ing  from meso-eutroph i c  to hypereutroph i c .  

W i th the except ion of J i ngal 1 a , a l l f l oodp l a i n  b i l l abongs now had 

re l at i ve l y  h i gh I N : P04-P  rat i os ( > 1 8 ) ;  a l l others rema i ned be].�� the va l ue 
","" , ,- . . . , . .  '" ....... --.�,��,..--- .......... _ ,. 

0� __ 
2 . The c l as s i fi cat i on of b i l l abongs i nto 3 groups on the bas i s  of 

tota l -P ,  perhaps somewhat arb i trary. conforms wi th the h i stor i ca l  morpho

metri c  and hydro l o g i c  c l as s i f i c at i on as channe l ,  backf l ow and f l oodpl a i n  

b i l l abongs ( Tab le  1 . 1 ) ,  and they wi l l  b e  d i scussed under these head i ngs . 
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Tab l e  5 . 3-2 Concentrat i on s  of total  phosphoru s ( TP ) ,  orthophosph ate-P  
( P04-P ) ,  1 norgan i c  n i trogen ( I N = NH4+N03 ) and tota l  n i trogen 

• 

( TN ) ,  and the I N : P04-P  rat i os ( by we i ght ) dur i ng the mi dd l e  
Dry ( Ju l y ) . 

i[/ / • 
B i  1 1  abong Nutr i ents {�91 - 1 � 

TP POQ-P I N  TN I N : POg-P 
1 979 1 980 1 980 1 980 1 979 1 980 1 980 

• 

Bowerb i rd 1 0  1 6  3 9 361  389 3 . 0  
Georgetown 1 42 73 349 995 4 . 8 
Gu l ungu l 185  8 1  38  5 1 570 758 O .  1 

• 
Goanna 1 02 78 268 872 3 . 4  

Mudg i nberri  30  1 3  1 8  589 1 . 4 

I s l and  33 38 9 1 3 800 759 1 . 4 

Ja J a  6 4  2 9  252 865 8 . 7  
• 

M i ne V a l l ey 42 67 40 480 1 783 1 988 1 2 . 0  
L e i chhardt 43 48 1 3  24 1 797 1 1 59 1 . 8 
Jab i l u k a  83  22 1 50 781 6 . 8  
Nank een 53  19  329 994 1 7 . 3  

• 
Noar l anga 20 21  6 5 463 591 0 . 8  
Umbungbung 99 29 21 1 7  1 823  988 0 . 8  
Ku l uk u l u k u  29 8 1 4  696 1 . 8 
J i nga l l a  30 1 6  20 374 1 . 3 

• 
N imbawah 35 1 6  9 1  454 5 . 7  
Murgane l l a  30 1 0  43 486 4 . 3  

Red L i  ly  24 22 23 5 1 3  1 . 0 

• 

• 

• 

• 
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Tab l e  5 . 3-3  A grou p i n g  of  b i l l abongs based on  TP  and TN  concentrat i ons 
in the mi d -Dry ( Ju l y )  of 1 979 and 1 980 . ( Data of Tab l e  
5 . 3-2 ) • 

Group Morphometr i c  B i  1 1  abong TP TN I N : P04-P c l as s i fi ca t i on (1Jg l - l ) ( )Jg l - l ) 

Channe l Mudg inberri 20-35 454-591 0 . 8-5 . 7  
Noar 1 anga 
N i mbawah 

TP<40 Murganel l a 
TN<80 ., /Escarpment Bowerb i rd 1 0- 1 6  361 -389 3 . 0 

rockpoo l 
I, /Fl oodp l a i n  I s l and 29-38 696-800 1 . 4 - 1 . 8  

Ku l uku l uku  
F l oodpl a i n  J i ngal l a  24-30 374-5 1 3  1 . 0 - 1 . 3  

Red L i l y 

2 Backf l ow Georgetown 291 1 85 1 758- 1 823 0 . 1 -4 . 8  
Gu 1 ungu 1 

TP>40 Umbungbung 
TN>800 Channe l /Back f 1 ow Goanna 1 02 872 3 . 4  

F l oodpl a i n  J a  J a  42-67 865- 1 988 1 . 8- 1 7 . 3  
Mi ne Val l ey 
Le i chhardt 
Jab i l u ka  
Nankeen 

1 .  The TP val ue for Umbungbung i n  1 980 ( 2 91J9 1 - 1 ) i s  more i n  common wi th 
those of Group 1 but the TN va lue  in 1 980 ( 1 8231J9l - l ) and the 1 979 
va l ues for TP ( 99�g l - 1 ) and TN ( 9881Jg l - l ) p l ace Umbungbung c l ear l y  
i n  Group 2 .  L i kewi s e ,  Gu l ungul  i n  1 980 h ad a comparat i ve l y  l ow TN 
va l ue ( 7581J9l - l ) but i n  a l l other cases  be l onged to Group 2 .  
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Tab l e  5 . 3-4 Concentrat i ons of total phosphorus (TP ) .  orthophosphate-P • 

Bi l l abong 

Bowerb i rd 
Georgetown 
Gul ungu l 
Goanna 
Mudgi nberri 
I s l and 
Ja Ja 
M ine  Va l l ey 
Le i chhardt 
Jab i l u k a  
Nankeen 
Noar l anga  
Umbungbung 
Ku l uk u 1 u ku  
J i nga1 1 a  
N imbawah 
Murgane l l a  
Red L i l y  

( P04- P ) ,  i norgan i c  n i trogen ( I N : NH4+N03 ) and total n i trogen 
(TN ) .  and the I N : P04-P rat i os ( by we i ght ) dur i ng the l ate 
Dry ( October/November ) .  

TP 

1 979 1 980 

1 4  3 3  
559 

440 978 
453 458 

45 34 
43 30 

270 
1 78 1 29 
1 55 1 06 
1 97 1 29 

1 1 9 
20 32 

7 1 4  1 1 82 
49 54 

1 1 6 
3 1  
4 1  

70 64 

1 980 

7 
69 
76 

1 47 
1 6  
20 
99 
22  
35 
20 
25 
1 2  

304 
1 6  
99 
22 
1 1  
33  

IN  
1 980 

33 
367 
920 
297 

7 
1 2  

2379 
2575 

636 
991 

1 699 
1 9  

2723 
69 
44 
89 

94 
41  

TN 

1 979  1 980 

450 524 
53 1 0  3 1 47 
848 1 1 397 

4592 2070 
697 603 
647 633 

5 1 1 3  
1 1 246 

2 1 03 1 989 
1 784 1 745 

3301 
608 655 

261 1 5  4595 
883 585 

1 755  1 806 
635 
5 1 7 

1 22 4  9 1 4  

1 980 

4 . 7  
5 . 3  

1 2 .  1 
2 . 0  
0 . 4  
0 . 6  

24 . 0  
1 1 7 . 0  

1 8 . 2  
49 . 6  
68 . 0  

1 . 6 
9 . 0  
4 . 3 
0 . 4  
4 . 0  
8 . 5  
1 . 2 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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Tab l e  5 . 3 -5  A group i ng of  b i l l abongs based on TP  concentrations  i n  the 
l ate Dry ( October/November ) of 1 979  and 1 980 . ( Data of 
Tab l e  5 . 3-4 ) .  

Morphometr i c  TP TN Group c l as s i f i c at i on B i l l abong (lJg1 - 1 ) ( lJg ,. o l ) I N : P04-P 

Ch annel Mudg i nberr i 20-45 5 1 7 -697 0 . 4-8 . 5  
Noar l anga 

TP<70 N i mbawah 
Murganel l a  

" /Esc arpment Bowerb i rd 1 4-33 450-524 4 . 7  
rockpoo l 

" /F l oodp l a i n  I s l and 30-54 633-883 0 . 6-4 . 3  
K u l u ku l uk u  

F l oodp l a i n  Red L i l y 64-70 9 1 4 - 1 224 1 . 2 

2 F l oodpl a i n  Ja Ja  1 06-270 1 1 75 - 1 1 246 1 8 . 2- 1 1 7 . 01 

TP  M ine  Va l l ey 
1 00- 300 Le; chhardt 

Jabi l uka  
Nankeen 
J i nga l l a  0 . 4  

3 Backf l ow Georgetown 440- 1 1 82 848-26 1 1 5  5 . 3- 1 2 . 1  
TP>400 Gu l ungu 1 

Umbungbung 
Channe1 /Backf 1 ow Goanna 453-8 2070-4592. 2 . 0  

1 Exc l ud i ng the va l ue  for J i nga 1 1 a  wh i ch i s  shown sep arate l y .  
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5 . 4  Channel  b i l l abongs 

The channel b i l l abongs are characteri sed by re l at i ve l y  constant 
. . - , 

nutr i ent l eve l s throu gh the year ( F i gs .  5 . 4�) ,  the l owest  concentra -

t i ons for the Reg i on ( Tab l e  5 . 3-5 ) .  However , wh i l st these are reg i on a l ly 

l ow ,  TP l eve l s are,  on a wor l d -w i de sca l e , very h i gh ,  correspond ing  to meso

eutroph i c  to hypereu troph i c  statu s .  By contras t ,  concentrat i ons of 

i norgan i c  n i trogen rema i n  at l eve l s i ndi cat i ve of u l tra-ol i gotrophy . 

Frac t i onat i on of the tota l  phosphoru s i nd i cates that orthophosphate-P  

common l y  accounts  for 20-40% of  the  tota l ,  and may even exceed t he l evel of 

part i cu l ate phosphorus on occas i ons . Th i s  proport i on i s  cons i derab ly 

h i gher than that rout i ne l y  found e l sewhere ( P04- P�5% TP ; Wetzel 1 975 ) .  

The comb i ned concentrat i ons of ammon i a  and n i trate , const i tut ing  the 

bu l k  of b i o l og i ca l ly-ava i l ab l e  i norgan i c  n i trogen , amounts to on ly  5- 1 0% 

of the tota l  n i trogen ; the remai nder i s  regarded as  org an i c  n i trogen . Thu s ,  

i n  the channe l b i l l abongs  there appears t o  be a surfe i t of b i o l og i ca l ly

ava i l ab l e  phosphorus ( P04-P ) ,  and a pauc i ty of b i o l og i c al ly-ava i l ab l e  

n i trogen . 

Wh i l st total  nutr i ent l eve l s may f l u ctuate w ide ly  w i th i n  the narrow 

range character i st i c  of th i s  group , some seasona l  trends  are ev i dent . F i rst , 

TP v a l ues were at a m i n i mum i n  the Wet . Surpr i s i ng l y ,  TN was sometimes at  

a max imum at t h i s  t ime ( e . g .  Noar l anga and  Mudg i n berr i ,  F i gs .  5 . 4- 1 , 2 ) .  

General ly ,  TN m i n i ma occurred at  the Wet/Dry interchange . M i n i ma of 
. 1 -'1 

both TP and TN occurred in  the mi d-Dry ( F i gs .  5 . 4�) .  There was l i tt l e  

or no seasona l  chan ge i n  the very l ow i norgan i c  n i trogen l eve l s whereas 

P04- P  concentrat i ons  rose throu gh the Dry, apparent ly  un affected by 

f l uctuat i ons  i n  TP . 

I t  i s  apparent that a l l the channe l  b i l l abongs  are reg i ona l l y  l ow i n  

nutr i ents , and change  l i tt l e  wi th season . 
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5 . 5  F l oodp l a i n  b i l l abon gs 

From the comparat i ve l y  l ow val ues common to a l l b i l l abongs  dur ing  

Febru ary (Tab l e  5 . 3- 1 ) ,  nutr i ent concentrat i ons in  the f l oodp l a i n  b i l l a
_ t - t  

bongs  ( except Red l i l y )  i ncrease marked ly  through the Dry ( F i gs .  5 . 5�) .  

By the l ate Dry most are hypereutroph i c  i n  terms of both TP and I N .  

F i gures 5 . 5-2-7 show that nutr i ent concentrat i on s  rose a lmost exponent i a l ly ,  

sooner i n  some b i l l abongs than i n  others . I n  mos t ,  TP reached a max imum 
. -

ear l i er i n  the Dry than d i d  TN . I n  M i ne V a l l ey ,  for examp l e ,  ( F i g .  5 . 5-3) , 

TP peaked i n  l ate September wh i l st TN d i d  not reach i ts year ly max i mum 

unt i l  December . Nutri ent l eve l s  dec l i ned  dramat i c a l l y  fo l l ow i n g  d i l u t i on 

and f l u s h i ng by the i n coming  fl oodwaters of the Wet . 

As wi th the channe l  b i l l abongs , P04- P  genera l l y const i tu ted 20-40% 
. +  

of tota l -P ,  the on l y  except i on be ing  Jabi l uk a  ( F i g .  5 . 5 -5) , where i t  

remai ned con stant from June un t i l December wh i l s t  tota l -P i ncreased f i ve-

fol d .  Wi th respect to nutr i ent frac t i ons , the b i g d i fference between fl ood

p l a i n  and channe l b i l l abongs  was that i norgan i c -N often const i tuted i n  

excess of 40% of tot a l -N dur i ng the l atter h a l f  of the Dry ( for a l l  except 

J i ngal l a ) . Consequen t l y ,  whereas IN : P04- P  rat i os for the channe l b i l l a

bongs were general l y  l es s  than 5 i n  October , for the f l oodp l a i n  b i l l abongs 

( e xcept J i ngal l a ) the rati o exceeded 1 8 (Tab l e  5 . 3- 5 ) .  The domi nant 

i norgan i c-n i trogen compound was ammon i a ,  the preferred n i trogen source for 

mos t  b i ota ,  and i n  l e i chhardt , Jabi l uka  and N ankeen , max imum or near 

max i mum ammon i a  concentrat i ons  occurred by l ate Au gus t .  However , n i trate 

cou l d  predomi nate at the very end of the Dry ( e . g .  Nankeen , Jab i l uk a ) .  

The general s i tuat i on ,  then , of nutr i ent cond i t ions i n  the fl oodp l a i n  

b i l l abongs i s  one o f  comparat i ve l y  l ow concentrat i ons dur i n g  the Wet , and 

rap i d l y  r i s i ng nutr i ent l eve l s  duri ng the mi d-Dry , wh i ch resu l t  i n  hyper-

eutroph i c  status by the l ate Dry . 
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5 . 6  Backf l ow b i l l abongs 

The d i s t i n gu i sh i ng features of th i s  group of bi l l abongs are that , 

f i rst , TP v a l ues at the end of the Dry con s i derab l y  exceed those of a l l other 

bi l l abongs ( Tab l e  5 . 3- 5 )  and ,  secon d ,  that nutri ent l eve l s  rema in  more or 

l es s  con stant through the ear l y  Dry then r i se abruptly  ( F i gs .  5 . 6- 1 -4 ) . By 

the t ime th i s  i ncreas.e commences TP concentrat i on s  i n  many of the f l ood

p l a i n  b i l l abongs are a l ready at  or near the i r  season a l  maximum ( F i gs .  5 . 5� 
5 

2-' ) . Un l i ke  the f l oodp l a i n  b i l l abon gs , TP and TN concentrat ions  i ncrease 

in phase . 

For a l l ,  TP v a l ues i n d i c ate eutroph i c  status early i n  the Dry ri s i ng 

to extreme l y  hypereutroph i c  l ater . On the bas i s  of I N  v a l ues , i n i t i a l l y  

a l l were u l tra-ol i gotroph i c ,  bu t a t  peak concentrat i on s  ranged from meso

eutroph i c  ( Georgetown and Goann a )  through eutroph i c  ( Gu l un gu l ) to extreme l y  

hypereutroph i c  ( Umbungbung ) .  

As w i th both channel and f l oodp l a i n  bi l l abongs  P04-P was a s i gn i f i cant 

component of TP ( F i gs .  5 . 6rl -4 ) . I N  val ues d i d  r i se when the peak in TN 

occurred but  not i n  the same proport i on as i n  the f l oodp l a i n  bi l l abongs . 

Hence , I N : P04-P rat ios d i d  not exceed 1 2  i n  October ( Tab l e  5 . 3- 5 ) .  

The d i s t inct i ve character i s t i c  of the back f l ow b i l l abongs , then , i s  

the con s i stent ly  h i gh phosphorus and the l ate , s udden i ncrease i n  both 

nutri ent s  i n  the Dry . 
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6 .  DI SCUSS ION 

1 2 6  

The study of l i mnol ogy i n  Austral i a ' s  trop i cs i s  i n  i ts i nfancy . Most 

i nvest i gat i ons  have been l im i ted to chemi ca l  an a l ys i s  of the waters and , 

for th i s .  suff i c i ent data are ava i l ab l e  to permi t Farre l l  et al . ( 1 979 ) to 

cons i der northern Au stral i an waterbod i es as be i ng e i ther sod i um c h l or i de or 

magnes i um b i carbonate in i on i c  character . Many l akes of i n l and Queens l and 

are of the sod i um ch l or i de type ( Bayl y  and W i l l i ams 1 972 ) and the same 

authors ( 1 97 3 )  have c l a imed th i s  to be the usua l  i on i c  character for most 

of Au stra l i a .  � \:kes on the Atherton Tab l e l and and i n  the head

waters of the Burdek i n  R i ver , both in Queen s l an d ,  are dom i nated by magnes i um 

b i carbon ate ( Bayly & Wi l l i ams 1 972 ) , l i k e  G i eck i e  Gorge ( F i troy R i ver ) 

(W i l l i ams and Buckney 1 976 ) i n  Western Au stral i a .  Except i ons to th i s  

general i zat i on are Lake  Moondarra ( Mt .  I s a ,  Queens l and ) (F arre l l et al . 

1 979 ) wh i ch has  sod i um b i c arbonate domi n ance and Lake Argy l e  (Ord R i ver ,  

Western Austral i a )  (M i l l i ngton 1 97 5 )  where ca l c i um b i carbonate predom inates . 

For most of trop i c a l  Afr i c a ,  l akes are dom inated by sod i um b i carbonate 

( e . g .  Bead l e  1 974 ; Hard i ng 1 96 1 ; Heeg et al . 1 978 ; Seamen et a l . 1 978 ; 

Tal l i n g  and Tal l i ng  1 965 ;  Thomas and Ratc l i ffe 1 973 ) and i n  the trop i cs 

general l y ,  i t  seems that the c a l c i um b i carbonate compos i t i on of Wor l d  

Average Freshwater , s o  common i n  the temperate reg i on ( Hutch i n son 1 957 ; 

Rodhe 1 949 ; Wetzel  1 975 ) ,  i s  r are . However , some trop i c a l  l akes and r i vers 

do exh i b i t  c a l c i um b i carbonate domi nance, such  as L ake George and Lake Chad 

in Afr i c a  ( Bead l e  1 974 ) and ,  notah ly ,  the Amazon bas i n  ( Schmi dt 1 972a ,  b ;  

1 973 ) . 

Water of Wor l d  Average Freshwater compos i t i on i s  rare i n  the Al l i gator 

R i vers Reg i on . On l y  Red L i l y d i spl ayed th i s  compos i t i on ,  and then on l y  

i n  the Wet and ear l y  Dry . The overwhe lm ing cond i t i on for the three creek 

systems stud i ed i s  for a l l b i l l abongs i n  the Wet to be dom inated by the 

b i carbon ates of sod i um and magnes i um,  in near equ imo l ar amounts . Th i s  i s  
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the water chemi stry of the d i l ute f l oodwaters , and i n  the channe l b i l l abongs 

i t  is  v i rtua l l y unchan ged throu gh the Dry . I n  the back f l ow and f l oodp l a i n  

b i l l abongs , however,  i on i c  compos i t i on changes wi th evaporat i ve concentra

t i on of the waters .  Th i s  l eads to s trong sod i um ch l or i de dom inance by the 

l ate Dry . I n  the f l oodpl a i n  b i l l abongs  on ly ,  th i s d i sp l acement of b i 

carbon ate by c h l or i de i s  accompan i ed by a preferent i a l enr i chment of su l phate ,  

probab ly from groundwater seepage . 

Much of the d ata from wh ich  Farre l l et a l . ( 1 979 )  recogn i zed the i r  

two maj or i on i c  types for northern Au s tra l i a ,  i s  based upon l i mi ted s amp l i n g 

w i th scant seasonal  i nterpretat i on .  The deta i l ed samp l i n g  of Al l i gator 

R i ver b i l l abongs  has  c l ear l y  shown a regu l ar season a l  tran s i t i on from the 

one category of F arrel l and co-workers ( sod i um/magnes i um b i carbon ate ) to 

the other(sodi um ch l or i de )  whenever con s i derab l e  concentrat i on takes p l ace 
at\..-

duri ng the Dry . � annua l  change i n  water chemi stry , typ i ca l  of many 

sma l l trop i ca l  l akes ( Heeg et al . 1 979 ;  R a i  and H i l l  1 98 1 ; Schmi dt 1 97 3 ;  

Thomas and R atc l i ffe 1 97 3 ) , emphas i ze s  t h e  need for proper season a l  cover

age in s amp l i ng . 

The se l ect i ve concentrati on of sod i um chl ori de dur i n g  the Dry, wh i ch 

ch aracteri zed a l l but the channel b i l l abongs , has been observed e l sewhere i n  

the trop i c s .  Heeg and co-workers ( 1 978 ) noted a s i mi l ar event i n  the 

Pon go 1 0  R i ver pans dur i n g  the Afr i can dry season . There , as i n  the Al l i gator 

R i vers Reg i on ,  sod i um b i carbon ate dom i n ated dur i n g  the wet season , to be 

rep l aced by s od i um ch l ori de as the waters became more concentrated . S i nce , 

except at very h i gh concentrati ons  ( G i bb s  1 970 ) , a proport i ona l  i ncrease 

in ch l or i de cannot resu l t  from evaporat i ve concentrat i on a l one,  an externa l  

source must  b e  sou ght . For the Pon go l o ,  the source was traced to h i gh 1y

m i neral i zed seepage water , r i ch i n  ch l or i des . Such a mechan i sm of c h l or i de 

enri chment i s  unl i ke l y  for the Al l i gator R i vers b i l l abongs . Of the many 
e" ?CJ,.nto�1 �114I'1h/1L. M i ll " I'I') L I WI , trJ 1 11ft 

bores sunk i n  the Reg i on ( ) very few s truck sa l i ne 

water , except perhaps those adj acent to the estuar i es . Cert a i n l y ,  the 

shal l ow bores c l ose to the b i l l abon gs  c onta in  more su l phate than ch l ori de .  
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One poss i b l e  sou rce of the sod i um ch l or i de enri chment of most  b i l l a

bongs i s  the atmosphere . The i mportance of ocean i c  sa l t  from the atmosphere 

to Austral i an i n l and waters has  been stres sed by many authors (e . g .  Bay ly  

1 964 ; Bayly and  Wi l l i ams 1 973 ; Co l e  1 975 ; Maddocks 1 967 ; Timms 1 970 ;  W i l l i ams 

1 967 ) .  Atmospher i c  s a l t  c an be suppl i ed by ra i n  or as dry fa l l out . Bayly 

and Wi l l i ams ( 1 97 3 )  env i s age sod i um and ch l or i de be i ng supp l i ed i n i t i a l ly as 

rai n ,  to re l at i ve ly  coas ta l  s a l t l akes , then bei ng transported further i n l and  

from dr ied pans . Th i s  repet i t i ve process wou l d  a l l ow sa l ts of  ocean i c  

or i g i n  t o  f i nd the i r way far i n l an d .  The poss i b i l i ty ex i s ts , then , that 

dur i ng the Dry,  al l b i l l abon gs recei ve dry sa l t  fal l out from the i nfrequent 
"�I w � W'\.sc ..,."...." "n,Lc.r 4.'1e, 

norther ly w i nds ( F ' g  7 J )  c arry i n g  the s a l t  of evaporated sea spray ,  or 

from the predominant  south-wester l y  w i nds  carry ing  s a l t  from dr i ed pans of 

th� ari d h i nterl and . I n  the d i l u te waters of the Regi on ' s  b i l l abongs l i tt l e  

atmospher i c  sa l t wou l d  b e  necess ary t o  produce not i ceab l e  effects on water 

chemi stry, when accompan i ed by concomi t ant  evaporat i ve concentrat i on in back -

f l ow and fl oodp l a i n  b i l l abongs . Channel b i l l abongs wou l d  be l ess  affected 

because , w i th sma l l surface area to vol ume rat i o s ,  evaporati ve concentrat i on 

i s  m i n ima l ( Panconti nenta 1  M i n i n g  L i mi ted 1 98 1 ) .  Further,  i t  i s  suspected 

that for much of the Dry , d i l u te groundwater wi th chemica l  character i st i cs  

of  the  Wet , enters the  channel b i l l abongs from sandy aqu i fers . 

The d i s t i ngu i sh i ng f�ature of the s u l ph ate group of b i l l abon gs i s  that 

dur i ng the Dry ,  in  add i t i on to the preferen t i a l  concentrat i on of sod i um 

c h l or i de ,  su l phate assumes s i gn i f i cant proport i ons at a t i me when the 

sed i ments are resuspended . Th i s  s i tuat ion i s  s i mi l ar to that noted by 

Schmi dt ( 1 973 ) for the l ow water per i od i n  L ago do Casthano,  a sma l l 

Amazon i an varzea ( = f l oodp l a i n ) l ake ,  when sed i ment resuspen s i on s i gna l s 

the ascendancy of sod i um and magnes i um over ca l c i um ,  the former c l ear 

dom i nan t .  S imu l taneou s l y ,  c h l or i de an d su l phate atta i n  dom i n ance over 

b i c arbonate . Schmi dt offers no expl anat i on for these events . I n  the 

present case , the chemi stry and hydrau l i c cond i t i ons  of boreho les adj acent 
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to the su l phate-type b i l l abon gs imp l i cates  an i nf l u x  of su l phate-r i ch 

groundwater through l oca l i zed aqu i fers . Add i t i ona l  su l ph ate may be deri ved 

from ox i dat i on of s u l ph i de-r ich  sed i ments upon resuspen s i on .  

Any d i scuss i on of the nutri ent e l ements phosphoru s and n i trogen i s  

i nextri cab ly bound u p  wi th the not i on of troph i c  status and eutroph i cat ion . 

Worl dwi de exper i ence shows that,  a l most i nvar i ab l y ,  i t  i s ,  f i rst , phosphorus 

and , secon d ,  n i trogen , wh ich  ho l d  product i on at l eve l s  be l ow those theoret -

i ca l l y  poss i b l e  wi th the ava i l ab l e  energy . Beh i nd th i s  recogn i t i on l i es 

decades of agri cu l tural  pract i ce i n  the use of fert i l i zers , and the 

potent i a l for b i o l og i cal  product i on h as been adduced in terms of nutr ient 

concentrat i on s  or nutri ent l oads ( Sak amoto 1 966 ; Vol l enwei der 1 968 ; 
� b  

Wal msey and Butty 1 98�. The demand i ng bus i ness of est i mat i n g  nutri ent 

l oads was beyond the scope of th i s  i nvest i gat i on and , therefore , the w i de ly

u sed scheme of Vol l enwe i der ( 1 968 ) ,  based on nutri ent concentrat i ons , was 

adopted . On th i s  bas i s ,  in  terms of tota l -phosphorus concentrat i on s ,  the 

b i l l abon gs of the Reg i on stand out  as  fert i l e ,  even in the Wet , at  the i r  

most d i l u te .  Then , on Vol l enwe i der ' S  scheme , they wou l d  a l l b e  c l ass i f i ed ,  

var i ou s l y ,  a s  meso-eu troph i c  to hypereutroph i c .  L ater , i n  the Dry, a l l 

except the ch anne l b i l l abongs ,  wh i ch change l i tt l e ,  wou l d  be termed hyper

eutroph i c .  

I n  s trong contras t ,  i n  terms of i norgan i c  n i trogen , dur ing  the  Wet a l l 

b i l l abon gs wou l d  be regarded as u l tra-o l i gotroph i c .  As for phosphorus , 

i norgan i c  n i trogen concentrat i on s  i n  the channe l b i l l abongs change l i tt l e  

dur ing  the Dry , wh i l st i n  a l l  others they i ncrease , l ea d i n g to a range of 

troph i c  condi t i on s  from mesotroph i c  to hypereutroph i c .  The apparent con

trad i ct i on between pred i ct i ons based on phosphorus l eve l s  and those for 

n i trogen h i gh l i gh t  the occas i on a l  d i ff i cu l t i es i n  determi n i ng troph i c  

status wi thout reference to consequent  b i ot i c  responses . I n  some i nstances , 

abundant nutr i ent supp l i es do not l ead to the h i gh product i v i ty wh i ch 

usu a l ly  s i gna l s  the hypereutroph i c  cond i t i on .  On the b as i s  of these 
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nutr i ent data , i t  wou l d  appear that n i trogen , not phosphorus ,  i s  the mo st 

l i ke l y  l i m i t i ng nutr i en t ,  the reverse of usua l  experi ence . 

The n i trogen : phosphorus content of a l ga l  cel l s  i s  approx i mate ly 7 : 1  

by wei ght* ( Va l l entyne 1 97 4 ;  Wetzel 1 975 ) .  I n  natural waters , an N : P rat i o  

dev i at ing  from th i s  v a l ue suggests that one o r  other of the two nutr i ents 

i s  l i mi t i n g .  In add i t i on ,  several authors ( e . g .  Edmondson 1 972 ; N a l ewaj ko 

and Lean 1 980 ; Rhee 1 978 ; Sch i n d l er 1 97 7 ;  Sze 1 975 ) have suggested that 

spec i es compos i t i on can be determi ned by N : P supply rat i os ,  w i th l ow 

ratios  favour i ng � n i trogen -f i x i ng b l ue-green a l gae . Thu s , 

exam inat ion of the poo l s  of b i o l og i ca l l y-ava i l ab l e  n i trogen and phosphorus 

can be of cons i derabl e ass i stance in eva l u a t i ng the troph i c  status  of 

waters . 

There i s  some confu s i on as to wh i ch chemi ca l  forms of the two nutr i ents 

compr i se the b i o l og i ca l l y-ava i l ab l e  poo l , and as such , cons i derab l e  var i 

at i on i n  the computat i on of N : P rat i os .  Because of the rap i d i ty wi th  wh i ch 

phosphoru s i s  recyc l ed ,  some au thors ( e . g .  Co l e  1 97 5 ;  Vo l l enwei der 1 968 ; 

Wetzel 1 97 5 ) con s i der that total phosphorus i s  more i nd i cat i ve of the 

phosphorus poo l than orthophosphate . By contrast , Cowen et al . ( 1 978 ) found 

that total phosphorus gave an BO% overest i mat i on of avai l ab l e  phosphoru s .  

Whatever the case , N : P rat i os h ave been ca l cu l ated on the bas i s  of ortho

phosph ate-P ( e . g .  Ch i audan i and V i gh i  1 97 4 ;  Go l terman and Kouwe 1 9BO;  

R a i  and  H i l l  1 9B 1 ; SCh i n dl er et al . 1 9 7 3 ;  Wa lmsley and Butty 1 9B� .l\ b 

S imi l ar confus i on surrounds i dent i f i c a t i on of avai l abl e n i trogen . 

N i trate tends to be the predomi nant form of inorgan i c  n i trogen i n  surface 

waters ( Brezon i k  1 97B ) ,  and may be u sed a l one as  an i nd i cator of the 

ava i l abl e n i trogen ( e . g .  Gol terman and Kouwe 1 9BO;  Rai  and Hi l l  1 9B 1 ) .  

Ammon i a , however , wh i ch i s  present i n  s i gn i f i cant amount i n  some water s ,  i s  

the preferred form of i norgan i c  n i trogen for p l ankton i c  a ss imi l at i on ,  s i nce 

* N : P  rat i os are usua l l y  quoted by we i ght  but some authors u se atomi c rat i os . 
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i t  i s  a l ready at the reduct i on l evel of organ i c  n i trogen ( Brezon i k  1 973 ) , 

and severa l authors h ave u sed the comb i ned concentrat i ons  of ammon i a  and 

n i trate to est imate total  i norgan i c  n i trogen ( e . g .  Ch i audan i and V i gh i  
b 

1 974 ; Rhee 1 978 ; Ryther and Dunstan 1 97 1 ; Wa 1ms l ey and Butty 1 98� . 

The N : P rat i o  of 7 : 1  by wei ght i s  an average va l ue  for a l gal  cel l s  

( Val l entyne 1 974 ;  Wetzel 1 975 ) .  I n  fac t ,  experimental  evi dence i nd i cates 

con s i derab l e  var i at i on in N : P  rat i os ,  depend ing  on spec i es compos i t i on and 

nutr i ent concentrat i on s  i n  the water ( Nakan i sh i  and Mon s i  1 976 ) ,  and , 

accord i ng l y ,  a range of va l ues for the rat i o  of N : P  requ i rements has been 

quoted . Rhee ( 1 978 ) determi ned that a freshwater Scenedesmus sp . was 

l i mi ted so l e l y  by n i trogen at rat i os be l ow 1 4 : 1 ,  and by phosphoru s at 

rat i os above that val u e .  We l ch et al . ( 1 975 ) con s i dered that N : P  rat i os 

of 7 - 1 0  were requ i red for a l ga l  growth . Both Go l terman and Kouwe ( 1 980 ) ,  

u s i ng N03-N : P04-P ,  and Ch i audari  and V i gh i  ( 1 974 ) u s i ng ( N03+NH4 ) -N : P04-P ,  

found that ratios exceed i n g  10  were i n d i c at i ve of  phosphate l imi tat i on . 

For the b i l l abongs of the Al l i gator R i vers , N : P  rat i os ( ( NH4+N03 ) -N : P04- P )  

were usua l l y  be l ow seven , often con s i derably  s o  ( Tab l s  5 . 3- 1 , 2 ) . On l y  on 

the fl oodp l a i n ,  and i n  some backf l ow b i l l abongs , d i d  va l ues exceed 1 0  and 

then on l y  l ate i n  the Dry . Th i s  sugges��t .  i n  contrast to usua l  

experi ence wor l dw ide ( Go l terman and  Kouwe 1 980 ) ,  i t  i s  n i trogen , not 

phosphorus ,  wh i ch i s  l i mi t i ng in the Al l i gator R i vers Reg i on . Th i s  i s  

not unusua l  for the tropi cs ( Moss and Moss  1 969 ; S i o l i 1 975 ;  Tal l i ng  1 966 ;  

Tal l i ng and Tal 1 i ng 1 965 ) .  An abundance of phosphoru s wi th a scarc i ty of 

n i trogen shou l d  favour green a l gae ( Ch l orophyta ) ,  wh i c h  have l ow c e l l u l ar 

N : P  rat io�  and the b l ue-green a l gae ( Cyanophyta ) ,  wh i ch are capab l e  of 

fi x i ng atmospher i c  n i trogen ( Ryther and Dunstan 1 97 1 ) .  

Dur i ng the current eutroph i cat i on debate , much attent ion has been 

focussed upon the external  l oad i ng of nutr i ents i nto freshwaters s i nce 
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" i t  i s  genera l l y  accepted that for any further i ncrease i n  the ( a l ga l ) 

popu l at i on ,  nutri ents mu st be deri ved from an external  source "  ( Wa lms l ey 

and Butty 1 98�� However, i n terna l  l oad i n g ,  from the re l ease of nutr i ents 

from sed i ments , may p l ay a h i gh l y  s i gn i f i c ant ro l e  in l ake fert i l i sat i on ,  

p ar t i cu l arly i n  sha l l ow l akes where turb u l ent mi x i ng extends to the bottom , 

w i th resu l tant mi x i n g  at the sed i ment-water i nterface . I t  has  been shown that 

d i sso l ved i norgan i c  nutri ents ( P04-P ,  NH4 -N )  are rel eased more read i ly fro� 

the sed i ments by turbu l ent  mi x i n g  than by s imp l e  d i ffu s i on ( see Ryd i n g  

and Forsberg 1 977 ) .  Further , turbu l ence resu spends sed iments wh i ch frequent l y  

conta i n  adsorbed nutr i ents , wh i ch are ava i l ab l e  to a l gae ( Brezon i k  1 97 3 ;  

Go1 terman 1 97 7 ;  Gol terman e t  al . 1 969 ;  Hea l y  and McCol l 1 974 ; McCo l l 1 975 ) .  

Suspended sed iments may a l so act as a nutri ent buffer system .  I n  the turbi d 

Amazon R i ver , Ges sner ( 1 960 ) found that when so l ub l e  phosphoru s exceeds 1 0  

�gl - l , i t  i s  ad sorbed by the f ine , suspended sed i ments , and when l es s  than 

1 0  �gl - l , the adsorbed phosphoru s i s  re l eased . Thus , su spended sed i ments 

may account for a substant i a l port i on of the b i o l og i ca l ly-av a i l ab l e  nutr i en t  

pool . 

Pre l imi nary i nves t i gat i ons  ( Van der W i e l e  1 981 ) suggest that sediments 

of backf l o� and ,espec i a l l y ,  f l oodp l a i n  b i l l abongs are i ndeed h i gh i n  nutr i en t  

concentrat i ons . The mass i ve i ncrease i n  turb i d i ty i n  the Dry, so 

character i s t i c  of these b i l l abongs (Wa l ker,  K i rk and Tyl er 1 982 ) ,  i s  

brought abou t ma i n l y  by wind- i nduced resuspen s i on of f i ne  sed iments" and the 

concurrent i n creases i n  tota l  nutr i ent  l evel s  strong ly  suggest that the 

suspended sed iments  contr i bute ; n  a maj or way to the nutr i en t  poo l . 

I n  most con s i derat i on s  of nutr i ent  dyn am ics  i n  l akes i t  i s  a l gae ,  the 

con sumers of nutr i ents , wh i ch are stressed . However , i nteract i on s  w i th 

other e l ements of the b i ota are obv i ou s  and perhaps of equa l  s i gn i fi cance . 

Zoop l ankton may const i tute a l arge proport i on of the tota l  nutri ent reservo i r 
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( Howard-W i l l i ams 1 979 ) .  and may f i gure l argely  i n  nutri ent cyc l i n g  ( R i g l er 

1 973 ) . Remova l of a l l f i sh from a Swed i sh l ake resu l ted i n  a d i s t i nct sh ift  

towards o l i gotrophy ( Hen i k son e t  al .  1 980 ) . J The potent i a l i mportance of 

b i rd excreta as an external  nutr i ent source (Manny et al . 1 975 ) may be of 

part i cu l ar- s i gn i f i cance in trop i c a l  Austra l i a .  For H i c k l i ng Broad , 

Engl an d .  the dynami cs of phytop l ankton popu l at i ons  can on ly be understood 

i n  terms of res i dent and i mmi grant water b i rds ( Leah et al . 1 978 ) . B i rds 

feed ing  ma i n l y  wi th i n  a l ak e  wou l d  affect onl y  i nterna l  cyc l i ng ,  whereas 

those feed i ng e l sewhere , and roos t i ng on the l ake ,  const i tute an externa l  

� source of nutr i ents� I n  th i s  context , the l arge f l ocks of magp i e  geese 

(Anseranas semipalma ta ) , feed i n g  on  the f l oodp l a i n s ,  but congregat i n g  at 

sel ected b i l l abongs ( espec i a l l y  J i nga l l a ,  l ocal ly  known as Goose Camp ) ,  

mu st br ing  i n  nutr ients dur i n g  the Dry . The same may be s a i d  of the fru i t  

bat ( B l ack F l yi n g  Fox - Pteropus al ecto ) col ony at Lei chhardt . Buffa l o  

a lmost cert a i n l y  affect nutr i ent cyc l es by�t i rr i ng up sed iments wh i l st 

� III (l,..ru,A.n:. u,.r( "'. 
wal l ow ing, andA contr i bu t i ng l:tC!S"andt<,.mIM'Ire The i r  dropp i ngs on the f l ood-

p l a i n  dur i n g  the Dry contr i bute to the nutr i ent poo l of the new waters of 

the Wet . M i tchel l ( 1 97 3 )  demonstrated that l arge quant i t i es of nutr i ents 

were re l eased from an i mal  dropp i ngs by the r i s i ng waters of Lake Kar i b a ,  

cau s i ng rap i d  i ncreases i n  product i v i ty of i nshore areas .  

Because of the pecu l i ar hydro l og i c a l  c i rcums tances , the nutr i ent 

cyc l es of the b i l l abongs can be env i s aged as  c l osed systems duri ng the Dry 

( F i g .  6 . 1 ) , i n  contrast w i th the open systems of temperate l akes . The ri ver 

or stream i nputs of temperate l akes , wh i ch normal l y  pers i s t throughout the 

year,  are repl aced i n  the b i l l abongs by b i ot i c  i nputs and ,  perhaps , 

groundwater . There i s  no outfl ow other than b i ot i c  outf l ows such as 

emergi ng  i nsects . I n ternal  l oad i ng  i s  max imi sed by sed i ment resuspens i on .  

I t  i s  dur i n g  th i s  t i me of c l osed , endorh e i c  cyc l i ng that the mass i ve i n

creases i n  nutr ient  concentrat i on s  occur i n  the b ackf low and f loodp l a i n  

b i l l abongs . The channe l b i l l abongs a l so become c l osed systems , but 

f iu be.h�A.:\;.... ... �thCn � tJ..nJ �ti � orrh-r {)1 f;iFerenuz. -
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both externa l  and i nterna l  l oad i ng i s  much l ess . I n  these b i l l abongs , 

evaporat i ve concentrati on i s  m i n i ma l , the i r  res tr i cted l i ttoral  zones 

support few b i rds or an i ma l s ,  and the i r  coarse sed i ments are not resuspended . 

The contri but i on from groundwater i s  unknown bu t must be sma l l s i n ce scant 

i nc rease in nutr i ents  occurs in these b i l l abongs in the Dry . 

The chemi stry of the b i l l abongs  has  been treated qu i te separate l y  i n  

terms of maj or i ons , and re l ated parameters , and i n  terms of nutr i ents . 

Both l ead to essent i a l l y  the s ame c l as s i f i cat i on of b i l l abon gs , and to one 

wh i ch conforms to the trad i t i ona l  d i v i s i ons based on morpho logy,  geography 

and hydro l ogy . Thus ,  on chem i ca l  grounds the channe l , backf l ow and f l ood-
recoc,n,·se..J.. 

p l a i n  b i l l abongs respect i ve ly  ar,-, � i th  few except i ons , reeeSei iee as . " 

those wh i ch chan ge l i tt l e  through the Dry , those wh i ch become h i gh nutr i en t ,  

sod i um ch l or i de b i l l abongs , and those w i th h i gh nutri ents and a n  i nput  of 

s u l phate . 
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APPHW I X  - TABL E .  J.. . .  : R a n ge of concen tra t i on of some chem i c a l  p arameters 

for . •  n�.�t":'t�c:; . . b i  1 1  abon g du r i n g , , 1,1 " =-,� ! , , 

Dry Sea son Who l e Year 
Parameter �an ge n �angl: n 

L aboratory pH ,... � - r 'O ,� + ' '\ - ? 'O 3 1  
Condu c t i vPy at WoC ( lJScnt ) l + - ' ''1O  ,&oj l , - • .,,, 3 1  
Sod i um 1 

( m g l - ) 
, ·0 - ;..$". , '-"I �. , o · � - .... 3 1  

Pota s s i uT O·a. - c.·o I., 0 · "  - _ '0 3 1  
( mg l - ) 

Cal c i um 1 ( mg 1 - ) 0 ':1 - 1 · 1  l'l 0 ' :1 - " l 3 1  

r·l agn es i um 
( mg l - 1 ) 

o ·,r- J .S'"" 11 O · 3 - , · f 3 I 

Ch l or i de I ·r - ' S" . "  &'1 I · <4-- 1$'"" . ,  l '  ( mg l - 1 ) 
Su l phate 

( mg l - 1 )  
� - , ' 1- �&J 0 - " .  '"i- 3 '  

B i c arbonate 
( mg l - 1 )  

+ .$"- ' •• S'" ,� ,.·r '! I  1 ' ''''- -,,-

Orthophosphate-
phosphoru s ( lJg l - 1 ) 

3 - +3 II:. , - 4-3 

' Organ i c '  phos phoru s 
( \.Ig 1 - 1 ) 

.;1. .. ,.. , U "  __ - ::1"  , ;&. 1  

Tot a l  phosphorus ( \.Ig 1 - 1 ) 13"'S" .,.. lr l l - $4- ;'1 

1 
Ammon i a  1 " ) 1  " ,- 3 1  -� 

( lJg 1 - 1 )  

N i t rate/N i tr i t.e 
( lJg l - 1 ) 

I ... . . It,  I '" + ) -� 

Organ i c  n i trogen 
( lJ g1 - 1 ) 

L a 1 - "'41' I S'"'  , . , - " I e,  � J  

Tot a l  n i trogen 
( lJg 1 - 1 ) 

l�"' ''' 'ts"'- t '$"'  ''l1 '" 'D�l t).. 1 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

APPE N D I X  - TAB L E  . . •. .  : 

• 

• Parameter 

L aboratory pH 

conduc t i v i ty a t  woc 
• ( �Scm- ) 

Sod i um 
1 ( m g  1 - ) 

• 
Potas s i uT ( mg l - ) 

C a l c i um 
1 ( mg l - ) 

• Magnes i um 
( mg l - 1 ) 

Ch l or i de 
( mg l - l )  

• 
S u l phate 

( mg l - 1 ) 

B i c a rbonate 
( mg l - 1 ) 

• Orthophosphate-
phosphoru s ( � g l - l ) 

' Organ i c ' phosphorus 
( W g l - 1 ) 

• 
Tota l phos phorus  

( lJ g l - 1 ) 

Ammon i a  
( � g l -l )  

• N i t rate/N i tr i te 
( lJ 9 1 - 1 )  

O r g a n i c  n i trogen 
( lJ g 1 - 1 )  

• Tot a l  n i trogen 
( lJg 1 - 1 )  

• 

R a n g e  of concen t r a t i on o f  s ome chemi c a l  parameters 

for , 0 oa�\�" . ' 0 '  . b i l l abon g du r i n g  . •  I�.� -:' . .  o .  

Ury Season Who l e  Y e a r  
Range n Ran ge n 

S· � -b · +  {, $". ,,\ "  , . S'" q 
a.o - a.� , 1.3 � ;. i  � 

l ' ; .. �·o 6, " 1 - � ·o It 

0 . 1- 0 ,,,,, , C · 3 -C · ... 

O · 'a. - o · $' 0 ' .  - 0 · S"  

D ·r .. t> · �  0 · 4 - t:> · ? 

d. · I - 3 ' _  " + - 'J , r.  

0 (, O - o · r  

'). � - " 3  " ) - 9' . +  



APP E N D I X - TA8 L E  . .3. • •  : Hange of concentrat i on of sOl11e chemi c a l  p arameter s 

for . N� I� . . . . .  b i l l abong dur i ng . . I  . ., r:;, 7 � 1  . . 

Dry Sea son Who l e  Y e a r  
P arameter �ange n �ange n 

L aboratory pH :) . ., - 7 ' 0 ' 3  1" 1 " "? 'D ' ''' 
Condu c t i v ity at wOC 

( �Scm- ) ;\! .. $"3 1 3  n " ,1"' 3  '4 

Sod i um 1 
( mg l - ) 1 ' +0 - 1:. ' 0  13 0 ' 1 - ' · 0 ' 1 

Potas s i uT O ' l '"  I " 11 0 "  - \ ' 1  1,\ 
( mg 1 - ) 

C a l c i um 1 D ' $'- o - �  
( mg l - ) 

IJ 0 - -'  - 0 ' .  ''-'' 

Magnes i urn 1 - / - 1 '3 I �  , .  3 I., 
( mg l - 1 )  

0 ' 4 - .  

Ch l or i de � .  � - 10 -3 13 1 ' ! - LC> '3 1 1-
( mg l - l ) 

Su l phate 0 - :J;. - :r  1 3  o - � . :s"  I �  
( m q l - I )  

B i c arbon ate + . ,  - ',,' 0 13 '3 '  ., - I�'O I i-
( mgl - I )  

Orthophosphate-
phosphoru s ( �g l -l ) 

--" � �  I '  ;\ .. � I ?  

' Organ i c '  phos phorus b "' ?.,$''' 1 • .. " 3 S'  1 1-
( j.J g l - l ) 

Tota l  phosphoru s ;",o- 3 ?- . , I � - ! ?- I "  
( \.l g l - l ) 

Ammon i a  1 - .... + I .  I .... -. 4- \ �  
( \.Ig 1 -1 ) 

N i trate/N i tr i  te 
( �g l - l ) 

� - '3 ' - d. - 0 3  1 1  

Organ i c  n i trogen ;..oS' - ,,, r l� -.0 S" - til a...1" 1 1  
( J,Jg l - l ) 

Tot a l  n i trogen . ;' 3 - 6. S',r 1 ill .>lil 'l - ' 4- 3  . ?  
( J,Jg l - l ) 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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APP E ND I X  - TABL E .  ,4: , . :  Range of concentra t i on of some chem i c a l  par ameter s 

• for , , �,· ':'1��� . .  , b i 1 1 abong dur i n g , ,1�,�� ,:, ,,, . .  , 

Dry Sea son 
• Pa rameter Range 

L aboratory p H  , . $' - & . ,  
cond uc t i vI ty a t  l soe 

• ( �Scrn- ) +-"" � '10 

Sod i um 
1 ( mg ' - ) 

';" "l- ? " 

Potas s i ur o ·  -r - , . ., 
• ( m9 ' - ) 

Ca l c i um 1 I ' � - " ir 
( m g l - ) 

• 
Magnes i um 

( mg l - 1 )  
" :(- 1 - 0  

Ch l or i de " . S'- . ' 3  
( mg l - 1 )  

• 
S u l phate 

( mg l - 1 ) 
0 -3'- 3 -0 

B i c arbon ate 1 + .  E, .. '30 ·0 
( mg l - 1 )  

• 
Orthophosph a te-

phosphoru s ( �g l - l ) 
�" J I  

' Organ i c ' phosphorus 
( �g l - 1 ) 

4 - a.d, 

Tot a l  phosphorus � - )"... 
• .. ." 

. ( � g l - 1 )  

Ammon i a  
( �g l - 1 ) 

10 - to '  

• N i trate/N i tr i  te 
( �g l - 1 )  

, .. ,.. , 

Organ i c  n i t rogen 
( )Jg l - l ) 

,,,, .. '1-'0 

• Tot a l  n i trogen 
( \Jg l - ) 

' .. 1- - ?- �I 

• 

n 

, 

" 

f 

Who l e Year 
Ran(je 

G · � - (, · q  

a.' - �9 
?· I - . � - . 

O' 4- - I ' �  

O · b - I · �  

o · � - '3 -0 

� 'WcA- ' � 

No ' � ' �  

' I Alo �e..t � 

:5"' - 3 1  
is I r  

... � ,,� 
... I II'"  

...... - � r  
,.. , I 

$" - + 1  

1 - "" 1 

., ,,� ,  .. ?1. o  

I ? � - 'i' '?-, 

n 

g 

� 

:;. 
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APPE ND I X  .. TABLE  . .  � . : Range  of concentra t i on of some chemi cal  parameters  

f o r  • •  ���"!"o • • • •  b i l l abong dur ing  . .  . I:'lIP. -: f l . .  

Dry Sea son 

P a rame ter R a n ge 

L aboratory pH ' · 4- - 6 · 'i  

Conduc t i v i ty at  WoC 
( ).JScm- ) 3-. - 1 .0 

Sod i um 1 4 ' ? - '�" " 
( mg 1 � ) 

P o t a s s  i U�l / .  , - '$'. S-
( mg , - ) 

C a l c i um 1 �' I - l ' 7J 
( mg l - ) 

�l agnes i urn � . ..  - +· 1 
( mg l - l )  

Ch l o r i de 'i . � - 1 & · 3  
( mg l - 1 )  

Su l ph ate 0 " - � . 4-
( mgl - 1 ) 

B i c a rbon ate 
( mg l - 1 ) 

;" · V - 30 " 

Orthopho s p h a te-
phosphoru s ( ).Jg l - l ) 

3 ... -."1 

' O rgan i c ' phosphorus ;.O .. ..  $' 
( ).J g l - l ) 

Tot a l  phosphorus  " ) - ..,4-
( ).J g l - l ) 

Ammon i a  'l '" " '?'A-
( ).J91-1 ) 

N i t ra te/N i tr i te so- " 
( \.Ig l - 1 ) 

Organ i c  n i t rogen .-.sa. - ?-� 
( ).J g l - 1 ) 

Tot a l  n i lrogen .. ' '1 - 1 40 9 
( \.Ig l oo ) 

n 

5' 

5" 

4-

4-

+ 

... 

... 

... 

... 

.. 

Wh o l e Year 
�ange 

E", ' I - " . 9 

». - 1 -...0 

' · ' - 7 · C.  

0 ' 1 - $' · r 

0 · 4 - 1 · ?-

C ' �- " ' l  

1Jb � � 

• I 
Ale �d- � 

• I AJo &..-> ...t � 

'3 - �., 

�4 - .) 

.-.3 - ?"+  

9 - '  .,.. .... 

� - 9  

.,.,..-. - 7';1.(.. 

*"1 - , 40' 

n 

f' 

9 

� 

, 

, 

, 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

AP P E N D I X  .. TAG L E  . •  b . .  : 

• 

• Parameter 

L abora t ory pH  

Con du c t i vPy o t  wOe 
• ( �Sco1- ) 

Sod i um 1 ( 01g 1 - ) 

• 
Potass i uT 

( m9 ' - ) 

Ca l c i um 1 ( m9 ' - ) 
• 

Maan e s i urn � ( mg , - 1 )  

Ch l or i de 
( m g l - 1 )  

• 
Su l ph a te 

( m9 1 - 1 ) 

B i c a rbon ate ( m9 1 - 1 ) 
• 

Orthophosph ate-
phosphoru s ( �g l - l ) 

' Organ i c ' phosphoru s ( �g l - l ) 
• 

Tot a l  phosphorus ( \.19 1 - 1 ) 
Ali1mon i a  ( �g l - l ) 

• N i tr ate/N i tr i te ( ).J9 1 - 1 ) 
Organ i c  n i trogen 

( ).Jg l - 1 )  

• Tot a l  n i trogen 
( ).J9 1 - 1 ) 

• 

1 '1 8  

Range of concentrat i on of some chemi c a l  p arameters 

for • • .  ��P.·!",� . . . . .  b i l l abong du r i n g  . .  , . .,n: r.' . . .  

Dry Sea son Who l e Year 
Ran ge n Range n 

s-: .  -," . V , �  $'· 9 - " . g  1 + 

' ''- )0 I �  '0 - )0 I S'  

I ·  1 - , • ., l a " " - I ' e,  I S'  

0 ' _ - 0 ' (;.  I ..,  o ·� - 0 , '  I S'  

o - o · �  a ;.  o - o · $" I S'  

O · ?' - o · ct Itlo o · . - o · � I S"  

, • ., ... ":t . ;\.  l oa.  1 · 9 - ':t · .,. I �, 

C - I ' ''' , �  o - I ' ,"  1 4-

... · 0 - t " '� , �  + . 0 '" , .. . .. , .. 

J - " , ... 3 .  

3'" ... � , .1"- �'" 

10 - 33 , 1 0 - ) )  

+ ... � � - .  

I " �" I "' �" 

�S'" - "" I  .. ..  , .. ... 61\ I 

.. S', .. $'�+ .i£ - S'...". 



1 � 9 

APPE N D I X  - TABL E . �  . . : R ange of concentrat i on of some chemi ca l  p arameters 

for . • •  "'�� • . . . • •  b i l l  abong dur i ng • •  t :".�:- :r . .. . .  

Dry Sea son Who l e  Year 
Parameter �ange n Range n 

L aborat ory p H  b ' O  - � . 'l  " · 0 - 'i" )  ,.).+ 
Condu c t i v i ty at  H j Oe 

( �S Ctl1- ) ;"'9 - 1 1 3 � l a, - I l ! r.4 
Sod i um 

1 (mg 1 - ) 
3 · 9 - l l · tr  )..() 0 '''' '' ' ') . •  � 

Pota s s i uT 
( rng l - ) 

O · ' - 3 · � o ·  + - 'J ' " 

Ca l c i um 1 D · s -- a · .  0 " '" " 4- .;t �  
( mg l - ) 

Maanes i um 
w ( mg l - 1 )  

0 · 4- - , . ? ),0 0' '' - " r  

Ch l or i de 3 ·0 - " . � o · S"- ' '' · ;'' � .... (mg l - 1 )  

Su l ph a te 
( mg , - 1 ) 

0 - 3 · 1- 1 '"  0 - ) ' 1- �) 

B i c arbon ate 6 ·�- �Y · o  ;A.o , .$'- -.'?- ·o � +  
( mg 1 - 1 ) 

Orthophosphate-
phosphoru s ( �g l - 1 ) 

' 4 - ' . 1- " 1' - I + '?- l i-

' Organ i c '  phosphoru s l�- 3 3  i"- I I  3 - 3 3 1- ' T  
( lJ g l - 1 ) 

Tot a l  phosphorus 
( lJ g l - 1 ) 

;1'1 - + $1' I I  'i '"  +S I' ' r  

Ammon i a  I I - �"' '- ,� , - ...s'4 i t  
( lJg , - l ) 

N i t rate/N i tr i te 
( \.19 1 - 1 )  

;" - ' -"'S" a. � - . .,. ".. \ t  

Organ i c  n i trogen 3 ?o  - +,$"' 1- l .. �"' .. +-S I ? 1 8  
( lJ9 1 -1 ) 

Tot a l  n i trogen 
( lJ g l - 1 ) 3'" 1 - +$1 � , �  1 i"-'i- - ... $4\_ ,� 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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AP P E N D I X  - TAG L E  . . ' . .  : R a nge of concen t ra t i on of some c h em i c a l  p ar ameters 

• f o r  . .  ':;+tl� . . . . . • . •  b i l 1 abong dur i ng  . . J':'t.". 7 .r.l . .  

D ry S e a son Who l e  Year 
• P a r ame t e r  � a n ge n Range n 

L a b o r a t o ry pH ). · :" - b · 'l � !'  ... · r- - Eo · es 3 �  

• 
con d u c t i v i ty a t  l SOC 

( �Scm- ) I S - �S'" 3.  �j" 1 I  - +.1' 1 �� 

S o d i um 1 1 ·  .... - � . S"  .. s- o · ,  - � · r ", 
( 01 9 1 - ) 

• 
Potas s i uT o ·  � - , . •  �d" 0 · -. - , . •  33 

( m9 1 - ) 

C a l c i um 1 t> ... I · , .. S- O - I ' .  3 �  
( m9 1 - ) 

M a gn e s i um o ·  + - / ' E.  � S'  , . , 
• ( m9 1 - 1 )  

0 · ... - .. 33 

Ch l o r i de h f '- ? _  �$" \ .p - ?- . .... 3� 
(m9 1 - 1 )  

• 
Su l p hate 0 - , _ ? ,. O - I • .., . ? '3 .  

( m9 1 - 1 ) 

B i c a rbon ate 0 .... I I · ]  :..S' O - H ' 3  1 �  
( m9 1 - 1 )  

• 
Orthophosphate-

p h o s p h o r u s  ( �g l - 1 )  3" 4- .  .). 3. - + . 

' Organ i c ' p h o s phorus  � - b� a l  S"- 60 0\.  a..+-
( � g l - l ) 

• 
Tota l  phos phorus 

( � g l - l ) 
13" ?-... - ) "of. 1 3 " " ... + 

Ammon i a  I - � "i- .... ' - t:t 9 �" 
( )J g l - 1 ) 

• N i t rate/N i tr i te 
( \.19 1 - 1 ) 

O - I a.. � .. a. O - /a -r  ... '" 

Organ i c  n i trogen a l l - '. 1 .. , .. 1 1 - t +.J .. S" 
( p g l - 1 )  

• Tota l  n i trogen 
( \.1g 1 - 1 ) 

_ . $'- w r , �\ "'.s" - 'IS'" I � �  

• 
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AP P E N D I X  - TABl E . �  . .  : R a nge of concentra t i on of some chem i c a l  parameters  

for  . •  );.., J" lo--t.ll""."rl . . .  b i l l  abong dur  i ng • .l ... l 'r-t .... � I .  . 

Dry Sea son Who l e Yeal" 
Parame ter  Ran ge n Range n 

l aboratory pH $'. ;;.. - ':1· 0 13 $". � - ,? 'o I S'  
Cond u c t i v l ty a t  WOC 

( �S cm- ) 10 - ?-+ ' 3  1 0 - ?", I b  

S o d i um 1 
( 01g l - ) 

� ' 3 - r ' "  Cf , ·0 - r ' "  ' Ck  

Potas s i uT O · b - ' , .  0 ' ) - 1 ' "  l �  
( mg 1 - ) 

C a l c i um 1 c ·  ... - I " 
( mg 1 - ) 

0 - " " 1 " I �  

�1 a g n es i um 
( mg 1 - 1 )  

l ' � - � ' O O ' S' - ;' ,0 l ;l  

Ch l or i de .. .  � - U,· � I '  '1' - U, · .;t,. " ( m g 1 - 1 )  

S u l ph a te 1 · 0  .... 3 ·3 
( mq l - l ) 

o '3 ' 3 1 - . - ", , , 

B i c arbonate , C · D - I ... · ... 5· .:!' - 1-. - + t I 
( mg 1 - 1 ) 

Orthophosphate- 1 , - 3 1  1 3  I ... � ,  l S  
phosphorus : iJg 1 - ) 

' Organ i c '  phosphorus 
( � g l - l ) 

.. ..  4-, t3 ;L - 4 C:.  IS' 

Tot a l  phosphorus ,(, - s  ... 1 3  a $' -.1"'4- .5 
( � g l - 1 ) 

Ammon i a $' .. �) lJ 3 - �3 
( �g l - 1 ) 

N i trate/N i tr i t.e 
( lJg l - 1 )  

I - :P, I) \ ... 5"'\ 

Organ i C  n i trogen � ?  ... - ",'S'" ' 1  �?' ... - 'ttS" l S"  
( lJ g 1 - 1 ) 

Tot a l  n i trogen 
( lJg l - 1 ) .)...5 - IDD! 1 3 ... $' - 100_ I f  

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 1 5 2  

A P p um I  x - TABL E .  , 10. • : R an ge of concentrat i on of  some chem; ca  1 p ar ameters 

• for • •  4+v-r"f)��, ... " • .  b ;  l l abong dur ing . , l"2 'f, ,,; ', 1 . .  

Dry Sea son Who l e  Year 
• P a rame t e r  Range n Range n 

5'. ", - 'i . e> L aborat ory pH 111 :ot!bf" I 1 3  '$"' . - ,.. · 1  .. ' 

• condu c t i v i ty at  WOC ( \.1Scm- ) .,? - '\O I) ,o ... �o �9 
Sod i um 1 

( mg l - ) 
� ·o - '0.0 1 3  0 · 6 - 10 ·0 ."" 

• P o t a s s i u� 0 ' 1 - 3 00 IJ 0 · 3 - 3 '0 �., 
( mg ' - ) 

C a l c i um 1 0 · 1 - " _ I ,  0 · 1  - 0 , " 
( mg l - ) 

• �l a 9nes  i um 
( mg l - 1 )  

0 · $" - 1 ' "  1 3  0 ' 3 - 1 ' "  .. 9 

Ch l or i de " " - 1 3 · ;,\  '3 , .  � - I") · � �Ca ( mg l - l ) 

• S u l p h a t e  
( m g l - 1 ) 

0 - $'"' 1 13 {} - $'. )  

B i c arbon ate " ' 7 - 1 +· ' IJ , . , - ' ''' ' r  ;1., 
( mg l - 1 )  

• Orthophosphate-
phosphorus  ( �g l - l ) 

I")' '' :U $"" ? ) "" 3 r  I "  

' Organ i C '  p hosphorus l 4- - "� O " ... +-10 ,,,-
( )J g l - l ) 

• Tota l  phos phorus  
( \.1 g 1 - 1 )  

3" .. ".-$'" .. " -S'"S''' l ':fo  

Ammon i a 4:\ - I I $'"  
( ).J g l - l ) 

1.0 + ... u ,r  

• N i t rate/N ; tr i  t.e ( ).Jg l - l ) 1 - i. S'0 J.O 1 - W i -or 

Organ i c  n i trogen 
( \.19 1 - 1 ) 

I l l '" .r ... 'S' , 0  , ,) - ,,"". $" 

• Tota 1 n i trogen " .. ... $"3 1 0  10 '&1 - S'J lO ( ).Jg l - l ) 

• 
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A P P E N D I X  - TAB L E . J\ . . : R ange of concentra t i on of some chemi c a l  p arame ter s 

for . •  �"'N.'�� . . . b i 1 1  abong dur i n g .  , 1.1tt :--.' • • •  

Dry Sea son Who l e Year 
Parameter �ange n �ange n 

L a boratory pH 6. · + - b · '8 " " . 1- - 'iJ .t:> ,e 
condu c t i vi ty at  l SoC 

( �Scm- ) ;,0. - 1 00 b I" - 1 0 0 I I  

Sod i um 1 ( mg l - ) 
3 ' C> - '''' ' �  " , . ... - , " .  -. \ I  

P o t as s i uT 0 ·4 - ..... '" , 0 ' 4 - 1 '" " 
( mg l - ) 

C a l c i um 
1 0 , , - 0 , 1:0  , 0 · ' "  0 ' .  , , 

( mg l - ) 

M a gnes i um 
( mg l - 1 ) 

0 · ;' - 0 · 1:. t:> .� .. 0 ' ":1- " 

Ch l or i de " 3  - ,", . �  , • . J - ;\.I:. .� I I  
( mg l - 1 )  

Su l phate 
( mg l - 1 ) 

6 oP l · '  , 0 "' '' ' '  . ,  

B ;  c arbonate o · � - , .. ·"... 0 , -' - ' ... · r  I I  
( mg l - 1 ) 

Orthophosphate-
phosphoru s ( ug l - 1 ) 

' Organ i c ' phosphorus 
( � g l - l ) 

Tot a l  phosphorus 
( \..I g l - 1 )  

Ammon i a 
( \..I g l - 1 )  

N i t rate/N i tr i te 
( \..Ig 1 - 1 ) 

Organ i c  n i trogen 
( �g l - l ) 

Tot a l  n i trogen 
( \..Ig 1 - 1 )  

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

APPUJ D I X  � TI\Gl E . •  I� • •  : 

• 

• P a rameter 

l aborato ry pH 

Condu c t i v i ty (1 t l Soc 
• ( ).JScrn- ) 

S o d i um 1 
( mg l � ) 

• 
P o t as s ; uT 

( mg l �  ) 

C a l c i um 1 
( mg 1 - ) 

• �'a gn e s  i urn 
( mg l - 1 ) 

Ch l or i de 
( mg l - 1 ) 

• S u l phate  
( m g l � l )  

B i c a rbon ate 
( mg l - 1 ) 

• 
Orthopho s ph ate-

p h osph oru s ( �g l � l ) 

' Organ i c ' phosphorus  
( ).Jg l - l ) 

• Tota l  phosphorus  
( ).J g l - l ) 

Ammon i a  
( ).Jg l - l ) 

• N i t  ra te/N ; t r ;  te 
( ).Jg l - l ) 

Organ i c  n i trogen 
( ).J g l - l ) 

• Tot a l  n i trogen 
( ).Jg l - 1 ) 

• 

1 5 �  

n a nge of  c o n c e n t ra t i on of some c h em i c a l  p a r amete r s  

for • •  �,:, J"l',;,,�� ' • • • • • •  b i l l abong du r i n g  • •  t' f1l;:'! � . 

Dry S e a s u rl  Who l e  Yea r 
�ange n Range n 

3 · + - :r · , "1 3 ' +' - ?- " 10 

� - 5",.] ;ll I$'- $'�3 '3. 

* ' 0 - �"... �  .il3 , . �  .. _ :J""' "'j  3 �  

O·� � t:\ ·  + .ill o ·� -""' · • S ;\.  

0 , 1 - . ' 1- ;' 3  o �  .. · ?o- 3;')' 

() .$"- $". r �l o· 4- .r. .. 3 .... 

;L. � .. 1 010 ' 9  ;'3 0 ' "  - . 0 " '9 3D 

o · C\ · '  ;ll 0 .. ...,. · '  30 

o �  I $". + ;'3 0- 'T· + 30 

4- ... ' "  1'1 ' - 1 1 &  ;LS-

1� "' �O'ir , .,  ... - 10..- fl... 3" 

;L I .. '" ..,.., 14t '6 - '1 .,.9 

'''''' �100 '4 *' - �'i-OO 

O ... . OTO ' ''' D - ' oS'O ;-.,r 

I S"O " ... ...,. , 'i' ISb- ?-?1 1 

.). 1 1 - " S'� � " � ') I - " .:roil r 
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APP E N D I X  .. TAI3L E . J� . . : R a n ge of concentra t i on at some chpm; c a l  parameters  

ior • • •  (rl.:".�f"'f J • . • • •  b i l l abong dur ing  . •  ).'" :-' . • •  

Dry Sea son Who l e  Year 
P a r ameter �ang(' n �ange n 

L abora t ory pH S".*, - " . ;l.. S". � - .. . g ? 
Conduct i vPy a t  WOC 

( )..IS CI11- ) � - .,i)..\ O  + l :i\ - ';"' O  r 
Sod i um 1 3 · t:t  ... "'l ' S"  S- 0 ,' - ""l ' W  r ( mg ' - ) 

Potas s i u� I ' � " ?·o (;> . , - ? ·o 
( mg l - ) 

C a l c i um 1 ( mg l - ) 
0 '& " ) ' '? o · ) .. ) . ?  

�1 aones ; urn o · o;. .. J · , &> . ... - 3 . I 
� ( mg 1 - 1 ) 

Ch l or i de �. " - fo ? ·  1- () ... .,. . ' F  9' (mg l - 1 ) 

S u l ph a te 
( m9 1 - 1 ) 

,, - '° ' 3  0 - ' 0 · )  

B i c arbon ate , , (;>  - 11 · 4- " 0 - , , · 0 ( mg l - 1 ) 
Orthophosphate-

phosphoru s ( )..I g l - l ) 
' Organ i c '  phosphoru s 

( ).J g l - 1 ) 

Tot a l  phosphorus 
( )..I g l - 1 ) 

Ammon i a 
( j.Jg l - l ) 

N i trate/N i tr i te 
( ].Ig l - l ) 

Organ i c  n i trogen 
( )..I g l - l )  

Total n i trogen 
( )..I9 1 - 1 ) 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 1 5 6  

AP P E n D I X  - TAB L E  . .  1.4: . :  R a n ge of concen t ra t i on of some chem i c a l  parameters 

• for . 1..(l�tq .... �u,� • • •  b i l l abong dur i n g  • •  t.,1:'\-: �.I • •• 

Dry Season Who l e Year 
• 

�an ge Range Paramet€'r n n 

L lIbor d t o ry pH "' · 3  - ,...· 1  1 1  ... · ) - ?- · I l4 
• cond u c t i v i ty a t  wOe ( f.JS cm- ) � - I --�O If I � - /��b ,;\. 1  

Sod i um 
( l1 1g 1 - 1 ) 

, · , - Ior · ,  It  0 ·9  - I O� ' 1  :;>.. 1 

• Potas s i uT 0· + - +� · I 19 0 ' ;;L - ""'8  . , ;'1 
( mg , - ) 

Ca l c i u:1 
1 

O- I ;L. · '"  I V'  e - 1 <;I. ·c:. .. I 
( mg ' - ) 

• t·1 agnes  i urn 
( mg l - 1 )  

0 · '\ - , ,,... ,  ·t 0· ... - ' $· " .,), /  

Ch l or i de 1 · 41\ - l :S""$"'O I i'  t:> . , - l�S'"'O I e, 
( rng , - l ) 

• Su l ph a te 0 - ) ,\ . , I �  o - "3 ,,\ ' t:t '1 
( mg l - 1 ) 

B i c arbonate 0- � y. . o  , �  0 - .? ' O 1 4 
( mg l - 1 ) 

• Orthophosphate-
1 phosphorus ( � g ' - ) 

1' - 39 a. . s  ;1. - "" .. It 

' Organ i c '  phosphoru s -& - 'r7 "H  
( )J g l - l )  

I S'"  'If - r ?- v ' 8  

• Tota l  phosphorus ....0 - 1 ''1 ... 
( fJ g 1 - 1 )  

1 1"" I )  - WI ;.. I t  

Ammon i a  1 - 3 1 1 .r 
( )Jg l - l )  

I S"  1 - 3 u S- 1 8  

• N i t  rate/N i tr i  t.e , - � ,  I �  , - + I , g  
( )Jg l - l )  

Organ i c  n i trogen I�-'- 1 4- ,..", f- , .... I �  - '4-$"1 + I ? 
( f.Jg l - 1 ) 

• Tot a l  n i trogen I �� - � , , , r  
( )Jg l -l ) 

, :1'"  ,� - a.t. , ' S"  I I  

• 
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APP E N D I X - TABL E  . •  I.s.". : Range of concen t ra t i on of some chem i c a l  parameters  

for • • •  ;rA . �f' . . . . . . . . b i l l abong du r i n y . .  I.' 'f1:-. � ! . . • 

Dry Season  Who l e  Y�ar  

Parameter �an ge 11 Range n • 

L a b o r a t o ry p H  l · � - ", . ?  1 (;:.  , . •  - & . -y. ';' 1  
C on d u c t i v l ty a t  l O()C • ( �S crn- ) 1.).. - +:1"0 ' b  1 .-.  - +$'O � 

Sod i um 1 1 ' -. - , ... . ,.. I �  o ·� ... , ... . .1' .,tJ ( [I .  9 1 - ) 

P o t a s s ; uT C ·� - Eo· 9 I ?- " · � - " · V  • ( mg l - ) 
Ca l c i um 1 0 " . - " 3  I ?  0 . •  - " 3  �3 ( mg l - ) 
�1 aon e s  ; um o· .. - .., · $' 1 1- o ·  of. - "" S"  • - ( mg l - 1 )  
Ch l or i de , . , ... �3 ' + 1 1  , . , - � . +  ( m9 1 - 1 )  
S u l phate ( mg l - 1 ) 0 - *"" . ".. I ?- 0 - -" S"  • 

B i c a rbon a te ( mg l - 1 )  C - I I ·  ... I ?- 0 - I I · ... -;». 

Orthophosph ate-
phosphorus  ( �g l - l ) ) �  ?3 '0 3 - 7 3 1 3  • 

' Organ i c '  phosphoru s '8 .. ' ''' ' Ie 9 - ' ?- I  1.3 ( )J g l - l ) 
Tot a l  p h o s p h o r u s  ( �g l - l ) 1 3 '" 3.?o u> 1 ) - "70 13 • 

Ammon i a  J - ' '' �'' 10 3 - I ... .,. ... u 
( �g l - l ) 

N i t ra te/N i t r i  te 
( �g l - l )  

� - 1 0 .s'"  1 0  ..... - "t o .:s- ' 3  • 

Organ i c n i t rogen Ira. - :..? ) .  I e>  IS � - �� ,. I .) 
( �g l - l )  

Tota l n i trogen 
( � g l - l ) 

' $'r ... .s'"", \ 0  I :f' r -$"1&, ' 3  • 

• 



• 1 5 8  

A P P E N D I X . TI\BL E , J " , . :  Range of concC'ntrat i on of some chemi c a l  p arameters 

• for . H.� . v.� . . . . .  b i  l l abong dur i n g . .  l1 ""::� L , 

Dry Season  Who l e  Y e a l" 
• Parame ter Range n Range n 

L aboratory p H  3 - 4- - ";f-b / 1- 3 ' + - "" ' 0  1 4  

• conduc t i v i ty a t  l OoC ( lJSCfTI� ) I b  - I  )90 I �  160 - 1  �gD ';' 1  

Sod i um 1 
( mg ' - ) 

1 ' 1 - 1 ! - 0  / 1- 0 - 9  - " « ' 0 ;. /  

• Pot a s s i u� 0 · ;. - ..0  . ... ' r  0 ·  .. - 9-0 ' +  � I  
( mg 1 - ) 

C a l c i um 1 0 - -.b . ..  1 1- 0 - � ' ;L -... , 
( mg l - ) 

• �l a gnes i um 
( mg l - 1 ) 

C ·" - ,+. � I ?  0 - 6 - 60 ... · �  .,. , 

Ch l or i de � ' f - 16 ... · ?- J �  " b - I '  ... · �  I� 
( rng l - l )  

1 '4 • Su l phate , . •  - iiI.a.5'"·o 1 7- 1 · 1 - ;\. ' -5 ... ·0 
( m o l - I )  

B i c a rbon ate O - ' � ' 3  
( mg l - 1 )  

1 6  o - 1 � ' 3  Ii' 

• Orthophosph ate-
phosphoru s ( lJg 1 - 1 ) 

3 - " l," 1 - " 

' Organ i c '  phosphorus \ 1 - ,;a.+ lb . - 1 3. +  
( ).J g l - l )  

• Tota l  phosphorus 1 � ... 1 7- �  J� l ) - I M iJo 
( lJ g l - I ) 

Ammon i a  + - 3 ?-. :f , .... 0 - '3 ?-I 7- at 
( lJg l - 1 ) 

• N i t rate/N i tr i te 1 - I b S'  \ 4- l - a " S"  1 8  
( ).Jg l - l )  

Organ i c  n i trogen 
( ).Jg l - l ) 

� \ ,  - , ?'too , ... *,, If' - ' �. DO  ,t 

• Tot a l  n i trogen ,)., .. ... � \ ,.  ... ., &4 .;Ll ;.. - "'IS''''� J' 
( ).Jg l - l ) 

• 
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A P P E N D I X  - TAB L L I 1-. .  : R a n ge of  concen t r a t i on of some chemi ca l p ar ameters 

for • �M . . . . . . bi l l abon g du r i n g  . •  \'.�-: "  . • . •  • 

Dry Se a s o n  Who l e Year 
• P a rameter R a n ge n Rang� n 

L a b o r a t. o ry pH +. ), ... ;.. , �b ... . ) - ? - / )0 
Con d u c t i v i ty a t  l S OC • ( lJScnt ) ' .1' - I-'�o ;a., I A- - I �"'O 3� 
Sod i um 1 ( m g l - ) 1 · ) - ' .4- . $"  � ,  1 ' 1 - . . ... . "... 3 �  

Potass i uT O · + - .).'l' ·3 ..... o · � - �:� ' 3  3 �  • ( mg ' - ) 

C a l c i um 1 ( m g l - ) 
O · *" - S'· + " .j- .r' 4- J Cil.  

�1a g n e s i um 
( mgl - 1 )  " . $ .. - .u . S' � b  o .+ - �, . S"  • 

Ch l or i de , . , - 3 .... � · S" � ,  , .  '" - J+a · ..:s- 30 ( m g l - 1 )  

S u l p h a te 
( mg l - 1 )  0 - . " 0 .a ",  0 - .' ·0 '1 0  • 

B i c arbon ate 
( mg l - 1 ) 0 - 1 $" · ,  *"" 0 - 1 "" ' ''' 30 

Orthophosph ate-
phosphoru s ( � g l - 1 ) do- :r .  I, -.- $"' .  • 

' Organ i c ' phosphorus 
( lJg 1 - 1 )  

. ... to + l1 3 - 1 0 + 

Tota 1 �hos p tlorus ,O - IS"S- 11 1 0  - 1 S',r • 
( )J g l - l )  

Ammon i a , ... , ....... '1 1 - , ++ .. ).. ( \.lg l - l ) 

N i trate/N i tr i te 0 - a$"00 1 1  0 - 1 5'0 0  .. � • 
( � g l - l )  

Organ i c  n i trogen -.so - 1 1 :\3 l" 1 1 _ - ''' '3'3 .;.;a 
( �g l - l )  

Tot a l  n i trogen '1 1 I ? - 'Jc r ? r.. .. • 
( �g l - l )  

(J.S' I - )O. �  

• 



• 

APPEND I X  - TAB L E . . I.t, . : 

• 

• Parameter 

L aboratory p H  

Cond u c t i v I ty at l Soe 
• ( IJ S cm- ) 

Sod i um 1 
( fl lg ' - ) 

• 
Potas s i u� 

( mg l - ) 

Ca l c i um 1 
( mg , - ) 

• �' aQnes i um - ( mg l - 1 )  
Ch l or i de 

(mg l - l ) 

• Su l ph a te ( rn g l - 1 )  
B i c a rbon ate 

( mg l - 1 ) 

• Orthophosphate-
phosphoru s ( � g l - l ) 

' Organ i c ' phosphorus 
( � g l - l ) 

• 
Tot a l  phosphorus 

( �g l - l )  

Ammon i a  
( �g l - l ) 

• N i trate/N i tr i te 
( �g , - l ) 

Organ i c  n i trogen ( �g l - l ) 

• Tot a l  n i trogen 
( �g l - l ) 

• 

1 (i O 

R a n ge of concentra t i on of some chemi c a l  p arameters 

for • • •  �.},? � , . . . . .  b i 1 1  abong dur ; ng . •  1.' r1. -:" . .  

Dry Sea son Who l e  Year 
�an ge n Range n 

4-' I - b ' S  ;;>'3 4 · 1 - b · 9 ;..� 

, "\ - I "I t:.  �3 1 3 - 1 ' � �., 

1 ' 3'"- ' , .t> 83 I � ·O 0 ' " - ''' ;1..., 

O ·3 - S'·O o· � - $ ·0 ;..., 

0 - 1 · 1 �:l C ·) .. . 3 · 1 �"'I 

0· ' .. .... . , c ·  ... .. . . .  �� 

J • ., _ __  I . •  �3 \ . ,. - -.  ,'4- iOl"'1 

0 .. "" . f' .. 3 O .... - � ·9 .... ., 

0 - 13 · 4- .,),3 O - ... I l · .. "''''1 

�" 3t' 1 3  a. - '\ 9 IS' 

'I - U, I  ' 3  rt - l� I I S-

' 0  - ' 1 r  13 1C> '" I� -r . ,..-

3-- " . ,  " 3 - , .  , I,!' 

,) ... '.,0 '3 -' - ' .0 lS' 

AC1- .. ' +-$1) '3 -.c i- - 1.:rO I S'"  

.a.� ... - �'1)') 13 .c + - "''''3 I S-
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AP P E N D I X  � TABL E . "' . .  : R a n ge of concen t r a t i on of some chem i c a l  p arameters 

for . . •  �;"I'-";"'ffln . . . . . b i l l abong dur i ng . •  l�.�. � '.1 • . .  

Dry S e a s o n  Who l e  Year 
P a r ameter �ange n �ange n 

L aboratory pH 4- .). � b . t l 4- + .  � - & .q '9  
Con d u c t i v i ty a t  l OoC 

( fJS cm� ) ;».) ... ol>-� & , .  ' .... - -.'16 iW 
Sod i um 1 ( mg l �  ) ;J.. · I - a? · ..... , �  O - r '" ;a. y  . .... � 

Potas s i uT " ' l - $'- g  I +- 0- ", ... ,..· 9  
( mg 1 � ) 

C a l c i um 1 
( mg l - ) 

0 ' )' '' '-: .  , �  o - � - ,..· �  

�1 a g n e s  i urn 
( mg l � 1 )  " - r '"  $" . •  1 +  D -') - ,$' . ... 

Ch l or i de ] - l' - "'''' - 1- ,,.. 1 - . - $'"'\ ' 1- I �  ( mg l - 1 ) 

Su l phate (> - "'- 4+ 9  ' 4  " ' '$''- � . ... I t  
( mQ l � 1 ) 

B i c a rbonate 0 - " ' " , 4- () - ,\ . ,  \ '1  ( m9 1 � 1 ) 
Orthophosphate-

phosphorus ( fJ9 l - 1 ) 
1 - 7-0 10 0 - =10 1 +  

' Organ i c ' phosphoru s 
( \Jg l - 1 ) 

l' � 4- "" 3  10 $"- ...... , 1 4-

Tot a l  phosphoru s ( ).J g l - 1 )  
,., ... �4-� aD \ 1 - + ........ 1 +  

Ammon i a  , ... 1 ;1.0 ,,\ ( \.19 1 - 1 ) 10 I - ' ;t...O� ,. 

N i t rate/N i tr i te 
( \.19 1 - 1 ) 

I - I �DO to ' - ' 3 00 t +  

Organ i c  n i tro gen 
( j.Jg l - 1 )  

$"'3') - , .,..?-.) to I S" ) '" I?-?- 3 I .  

Tota l  n i trogen 
( ).Jg l - l )  

�J $" '"  ) ') 0' 1O , $6. '" lD l b  , ... 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



A P P [ @ J X  � T/\BL E , -':l? : r� d n �jl' u f  c om ent l ' ll t i o ll of � orl lP c h ern i c a l  p a r ame t e r s  
• f u r  . .  11�*",1 !"1 . . . . . .  , h  i l l ilhor lg  d u r  i n g  , , 1,'.1:' 7' 1J.' • • •  

8 t,y S e d  s o n  Who 1 (- Y e a r  
• 

P a r am e t e r  Ran g(� n 'Range>  n 
-�.------.--
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