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Thesis structure 

The experimental chapters in this thesis are w1itten as journal articles. Since journal 

articles must be self-contained, there is some degree of repetition in the thesis. 

Chapter 1 discusses the importance of multigenerational studies in toxicity 

evaluations, the limitations of single species toxicity testing, and need for population 

and community level studies. Selection of suitable test orgamsms I.e., 

Pseudokirchneriella subcapitata and Daphnia carinata is also discussed. In addition, 

a review of inland salinity issues, pesticide pollution and importance of mixture 

toxicity studies including salinity and pesticide mixtures are discussed. Chapters 2 and 

5 examine the exposure of P. subcapitata and D. carinata to salinity over several 

generations (separately) and life history and population level effects are discussed. 

Chapters 3 and 6 describe the toxicities of salinity, atrazine, molinate and chlorpyrifos 

individually, and mixtures of different combinations of the toxicants toP. subcapitata 

(short-term chronic tests) and D. carinata (acute tests). 

Chapters 4 and 7 exam me the effects of high salinity acclimation (over multiple 

generations) of P. subcapitata and D. carinata on the toxicities of salinity, atrazine, 

mo 1inate and chlorpyrifos individually and as 1nixtures of different cmnbinations to 

detem1ine whether there are sensitivity changes. 

Chapter 8 summarises the findings of the study and evaluates the comparative effects 

of salinity (multi gcncrational and shon-tem1 toxicity), ;:md three pesticides 

individually and mixtures on the two test organisms studied. The possible indirect 

effects of toxicants on organisms in higher trophic levels, i.e., D. carinato as a result 

of direct effects on the primary producers i.e. , P. suhcapitata are discussed. The 

importance of incorporating mixture toxicitics and community level effects into 

environmental management of toxicants are discussed in relation to results of the 

prescn t study. 

V 



Table of Contents 

Certificate of authorship and originality .......... .. ........................ ........... ............. ..... ii 
Acknowledgements ..... ... ....................................... ..... .......... .... ..... .... .................... iii 
Thesis structure ..................... ..... ...... ..... ............................ ............................... ... ... v 
Table of Contents ... .. ......... .. .... .... ........ .... ................. ......... .. .............. .. ........... ..... .. vi 
List of Tables ..... .. ... ........ ... .............................................. .... .............................. .. xii 
List of Figures ..................... .......... ....... .... .. .. .......................... .. ......... .. ...... ... .. .... xvii 
Abstract .......... ........ ................................. ......... .. ... .... ...... .. ..... .. ...... ..... .... ....... ..... xx 

Chapter 1: Rationale for the thesis .. ...... ... ...... ....... .. ........ .... ........... ... ................... 1 

1.1. Introduction ... ..... .... ............... .. ....... .............. .... .. ..... ....... .... ............ .... ...... ... .. .. 1 

1.2. Inland salinity problem ..... ..................... ... ..... .... .. ..................... .. ........ ... ... ...... . 2 
1.2.1. Extent of inland salinity ....................... .............. .... ................................. 2 
1.2.2. Categories and sources of inland salinity ....................................... ..... ..... 3 
1.2.3. Features of Australian inland salinity .................. .................................... 4 
1.2.4. Effects of salinisation ................ ...... .. ...................................................... 6 

1. 3. Pesticide pollution ........................................................................................... 6 
1.3 .1. Pesticide use ........... .. ... ..... ....... ... .............. ...... ....... ..... .. ........ .... .............. 6 
1.3.2. Nature of pesticide pollution ...................... .... ........... .. ........ ..... ...... .... ..... 7 

1.4. Interactions of salinity and pesticide to xi cities ............ ................................... 10 

1.5. Toxicity of mixtures ...................................................................................... 12 
1 . 5 .1. Significance of pesticide mixtures ........................... ........ ...... ................ 12 
1. 5 .2 . Evaluation of pesticide mixtures ...... .. .... .. ........... .. .. ...... ................. .. ..... 12 
1.5.3. Water quality guidelines and pesticide mixtures .......... .... ...................... 15 

1 .6. Exposure duration for different toxicants .... ....... .................. .. ........................ 16 
I . 7. Effects on community-level exposure .............. .. .. .... .......... ......................... ... 17 
1. 8. Aim and objectives of the study ...................................... ............................... 18 

Chapter 2: Effects of multigenerational exposure to salinity on life history 
traits of the freshwater alga Pseudokirchneriel/a subcapitata ..... ........ ............... 19 

2. I. Abstract. ........................ ....................... .. .... .. . ...... ................ ..................... .... .. 19 

2.2 . Introduction ... ..... .... ... ..... ...... ..... .... .. .. ... .... .. ..... .... .. .... ... .. ... .............. ......... ..... 20 

2.3. Materials and Melhods ............. ............ .. .. ... ...... .. .......................................... 21 
2.3.1. Test species .. .. ...................................................... .. ..................... .. ..... .. 21 
2.3.2. The toxicant.. ................................... ........... .. ........... ..... .. ... .. ................. 22 
2 .3. 3. A lgal cultures ..... ... .. ...... .. .. ... ....... .... .... ...... ....... ........ ..... ... ...... .. ... ..... .. 22 
2.3.4 . Experimental design .. .. .. ............. .. ........ .. .... ............ .... ............... .... ....... 24 

VI 



2.3.5 . Statistical Analysis. ............................................................................... 26 

2.4. Results ..... ......... ......... .. .. ....... ... .... ... ... ........... .... .... ...... .. .. .. ..... .... .. .... ... .. ... .. ... 26 

2. 5. Discuss ion .. ............. .. .. ....... .. .. ............ .... ......... .. ..... ........... .... ... ... .... .. ... ......... 31 

2.6. Conclusions ........... .... .. .. ....... ............ .. ........... ... .... ..... .. .. ..... .... ..... ..... .... ......... 33 

Chapter 3: Chronic toxicity of salinity and the pesticides atrazine, molinate 
and chlorpyrifos individually and as mixtures to the freshwater alga, 
Pseudokirchneriella subcapitata . ......... .. .... .. ........... ..... ..... .......... ..... ... ....... .. ... ..... 34 

3.1. Abstract ... ........ ..... ....... .... .. ................... ... ...... ................ ... ... ....... ..... ... ..... .. .... 34 

3.2. Introduction ...... ...... ...... .... ........ ........... ... .. .......... ................ ........................... 35 

3. 3. Materials and Methods ....................... ........ .. ................. ................. ........... .... 3 6 
3.3. 1. Test species ....... ........... .......... .............. ........... ............................... .... .. 36 
3.3.2. Toxicants ....... .. ......... .. ... .. .. .. .. ...... .................................. ...... ...... ......... .. 36 
3.3.3 . Algal cultures ........... .. ......... ..... ... ..... .. .... ... ........ ...... ........................ ..... 37 
3.3.4. Experimental design ....... ............. .... .. ...... ............. .... ...... ...................... 37 

3. 3.4.1. Group 1 experi1nents ............ ... ...................... ........ .............. .... .. .. 3 7 
3.3.4.2 Group 2 experiments ...... ... .... .. .... ......... .. .... ........ ........ .............. .... 37 
3.3.4.3. Group 3 experiments ............. .. .. .... ............ ... ... ..... ..................... .. 38 
3.3.4.4. Group 4 experiments .... ..... .... ............ ......... ... .. ................ ... ....... .. 39 

3.3.5. Test method ......... ..... ........ ......... ....... ........................ .. ... .... ...... .... .... .... . 40 
3 .3.6. Evaluation of mixture toxicity ............................................................... 42 
3. 3. 7. Chemical analysis ...................... .............. .. .......................................... 44 
3.3.8. Calculations and statistical analysis ......... .. ... ..... ... . .. ......... ...... ........ ....... 45 

3 .4. Rest1lts ...... ........... ..... ...... .. ...... .. ......... ... .. ..... .. .. .. ..... ... ......... ...... .. .. ..... .. .. .... ... 45 
3 .4 .1. Reference toxicant tests ..... ....... ......... ........ .. ......... ....... ...... ................... 46 
3 .4.2. Toxicity experiments ......................... .......................... ........... ...... ....... . 46 

3. 3. 2.1 Group 1 experiments· ..... .................................................... .......... .. 46 
3. 4. 2. 2. Group 2 C!xperinu:nts ... ..... .... .............................. ... ............... .. .... .. 48 
3. 4. 2. 3. Group 3 e:xperirnents ... ......... ..................................... .. .... ... .... ..... . 49 
3. 4. 2. 2. Group 4 e:rperiment . ..,· .......................................................... .. ........ 51 
3. 4. 2. 5 Occurrence ofto.ricity relationships ........................... .. ....... .......... 52 

3. 5. Discussion ............. ...... .......... ... ......... .. .. ................ . .. ................ ... ... ........... ... .. 53 

3.6. Conc lusions ............................ ...... .... ...................... .. ............................ .......... 56 

Chapter 4: Chronic toxicity of sa linity and th e pestic ides, atraz ine, molin ate 
and chlorpyrifos indi viduall y and as mixtu res to Pseudokirchneriella 
subcapitata acclimatised at elevated sal inity ................... .. ....... ...... .............. .. .. . 57 

4.1 . Abstract ................ ..... .. ........ ..... ... .. ... .. .... ................. ... .. ................ ... .............. 57 

VII 



4.2 . Introduction .. .. .... ... .... ... ..... ... .. ... .... ... ..... ..... ..... ... ......... ... .. ... .. ... ...................... 58 

4.3. Materials and Methods ... .. .. .. .... ... .... .. ... ......... ... .. .. ....... ............ .. .. ............ .... .. . 59 
4.3 .1. Test species ....... ... ...... ............... .... .... ..... .. ......... .. .. ..... .. .. ....... ...... ......... 59 
4 .3.2. Toxicants ... ........... .... .... .. .. ... ... .. ......... .. .. ...... .......... ....... ... ...... .... ...... .... . 60 
4.3.3 . Algal cultures .......... ............ ..... .... ... .. ...... .... .... ..... ... ............................ 60 
4.3.4. Experimental design .... .. .......... ... .... ...... ... ........ .... .. ... .... ........................ 61 

4.3.4.1 Group 1 experiments ....... .. ........ ........ ....... ... .... ... ............... ........... 61 
4. 3. 4. 2 Group 2 experiments .. ...... ......... .... ....... .. .. .... .... ............. ... ........... . 61 
4. 3. 4. 3 Group 3 experiments ...... ............. ........ ...... ....... ... ...... ... ...... .. ... ..... 62 
4. 3. 4. 4 Group 4 experiments ..... ...... ..... .............. .. .. ..... .... ..... ............. ... .. .. 62 

4.3.5. Test n1ethod ....... .. .. ... .... ... .............. .. ............ .... ... ..... .... ..... ... ....... ......... . 63 
4.3.6. Evaluation of mixture toxicity- Toxic Units .. ..... .................... ............. 64 
4.3.7. Chemical analysis ........ ... .... .. ......... ... .. ...... .. ... ........... ..... .. .... ........ .... .. .. 65 
4.3.8. Calculations and statistical analysis .................... ...... .......... .............. ..... 65 
4.4. Results ....... ......... ... ... .. .. ... ............ .. ....... .......... .. ........ ...... ... .. .. ...... .... ....... 66 
4.4.1. Reference toxicant tests ........ .............................. .... .. .. ... ... .. .. .. .. ...... ...... 66 
4.4.2. Toxicity experiments .................... ..... ..... .... ............ .......... .. .. ...... .... .... .. 67 

4. 4. 2.1 Group 1 experiments .. ............... ...... .... ... .... .. ........ ..... .. ..... ....... ..... . 67 
4. 4. 2. 2 Group 2 Experiments .......... ........ ............. .... .... .. ...... .. .. ....... .. ...... .. 69 
4.4.2.3 Group 3 Experiments .......... ..... ..... .. ................... ...... ...... ......... ..... . 70 
4. 4. 2. 4 Group 4 Experiments .... ...... .. ... .. ... ... ...... .. .. ... .... .. ......... .. .... ...... ..... 72 
4.4.2.5 Occurrence ofto.xicity relationships ..... .... ........... ..... .. ....... .. .. ....... . 73 

4.5 . Discttssion ... ............ ... .... ... .. ..... ...... ..... ....... .... .. ...... ... ... .. ... ...... ....... ........ ~ .. .... 74 

4.6. Conclusions .... ............... ... .. ........ .... .. ...... ..... ......... ...... ............ .............. ..... ..... 76 

Chapter 5: Effects of multigenerational exposure to salinity on reproduction, 
growth, feeding and life history traits of Daplznia carinata . ..... ......................... 78 

5.1. Abstract ...... .. .... .. .. .. ... ...... ... ....... ... .. ....... ..... .... .......... ... ..... ................ .... .... .... . 78 

5.2. Introduction ................... ... ....... .... .... ..... .... ..... ..... ....... ... .... ..... .......... .. ............ 79 

5.3. Mat rial s and Methods ..... .. ............ ... ...... ...... ..... .... .. ...... ... .. ...... ....... ... ... .... 81 

5.3 .1. D. carinata cultures ... ....... ................. .... .. ......... .. ...... ..... .... ... .......... ... ... 81 
5.3 .2. Experimental design .................... .... ..... ... ....... .... ....... .......... ................. 82 
5.3.4 . Statistical ana lysis ....... ... .. ....... .... .... ...... ............ ... .. .. .... .... .... .. ....... ........ 84 

5.4. Results ....... .... .... .. .. ...... ...... ... .. .. ......... ..... ... .... ..... ..................... .... .. ..... ... ........ 85 
5.4. 1. Effects of salinity on life history traits within each generation ........ ... .... 85 
5.4.2 . Comparison of the effect or salin ity across genera tions ... .. ...... .. .. .......... 93 

5.5 . Discuss ion .. ...... .... .. ... ..... ... ...... .. ................. .... ...... .......... ..... .................... .. .... 95 

5.6. Conclusio ns ..... .......... ....... .. .................. ... ..... ............ .............. .. .................. 98 

V Ill 



Chapter 6: Acute toxicity of salinity and the pesticides atr azine, chlorpyrifos 
a nd molinate individually and as mixtu res to the freshw ater cl adocer an 
Daphnia carinata ......... ....... .. ..... ......... .... .... .. ...... ...... .... ... ...... .. ..... .... ....... ..... ...... . 99 

6.1. Abstract ..... .... .... .. ....... .. ... ..... ...... ... ..... .. ... ... .... .... ... .... ..... ........ ..... ..... .... .. .. ..... . 99 

6.2. Introduction ......... .... ........... ... ... .. ... .. .. .... .. ..... .... ... .. .. .... .. ... .. .... .. ... ......... ... ..... 100 

6.3. Materials and Methods .... .... .... ... .. ...... ........ .. ..... ..... ........... .... ... .... ...... .... ... ... 101 
6.3 .1. Test species .......... .... .. .......... .... ....... ... ..... .. .. ...... ....... ...... ..... .... .. .... ..... 101 
6. 3.2. Toxicants ....... ... ...... ... .... .. .... ....... ....... .. .... .... .... .. .. .... ... .... ... ..... ... .. ... .... 101 
6. 3.3. D. carinata cultures .... ... ....... .. ...... ... .... ...... .... .. ... .. .. ... .... .. ...... ...... .... ... 102 
6. 3.4. Experimental design ... ....... ... ... .. ... .. .... ...... .. ... ... ... ... .......... ......... ....... .. 102 

6. 3. 4. 1. Group 1 experiments ... ... ...... ... ........ .. ......... .. .. .... ... ..... ...... ... ... ... 1 02 
6. 3. 4. 2. Group 2 experiments ..... ...... .... ......... ... .. ... .. .. ..... .. .... ....... ......... . 103 
6.3. 4.3. Group 3 experiments .. ... .... ..... ..... ... ... ..... ... ..... ..... ... ....... .. .... .... .. 104 
6. 3. 4. 4. Group 4 experiments .. .......... ..... .... .... ... .... ... ..... ..... ....... ... ..... ..... 104 

6.3 .5. Test method ... .. .. ......... ....... ..... .. ...... ........ .... ...... ......... .... .... ........... ..... . 105 
6. 3.6. Evaluation of mixture toxicity ...... .... .. ... ...... .. ...... ... ... ..... .... .... ... ... .... ... 107 
6. 3.7. Chemical analysis .. ..... ..... ... ... .. .. ...... .... ... ... ... ... .. .. ... .. .... .. ...... .... .. .. ... ... ll 9 
6.3 .8. Ca lcu lations and statistical analysis ........ ........ ......... ... .. .... ....... .... .... .... 110 

6.4. Resul ts ....... ..... .. ... .... ... .... ... ... .. ..... ............. .. ...... .... .. ........ ..... ... .... ..... ..... ... .. . 110 
6.4.1. Reference to xi cant tests ....... ... ... ..... ..... .............. .. ... .... ...... . .. .. ........ ..... 110 
6 .4.2. Toxicity experiments ....... .. .. .. .... ... ..... ..... ..... .... ........ .... ... ... ... ..... ... ...... 11 1 

6. 4. 2. I Group I experiments ..... .... ... ... .. ... .. .... .. .... .. ... .. .... .. ... .......... ..... ... . 11 l 
6. 4. 2. 2 Group 2 experiments ..... .... .. ..... ...... ... .. ... .. .. ....... ....... ... ........... ..... 11 2 
6. 4.2.3. Group 3 experiments ...... ....... ........ ..... ........... ... ... .... .... ..... .. .... ... . 114 
6. 4. 2. 4. Group 4 experilnents ..... ......... ... ... ..... ... ...... ... ...... ... ... .. .. ...... .. ..... 115 
6. 4. 2. 5 Occurrence of toxicity relationships .... ........... ..... .. ... ................. .. 127 

6.5 . Di cuss ion .... .. ... ............. ..... ......... ....... ...... .... ........ .. ... ... ..... ... ....... ................ l 18 

6.6. Conclusions ....... .... .... ................ ....... ..... .... .. ..... .............. ............. ... ..... ... ... ... 124 

Cha pter 7: \cu te tox icity of sa linity and the pesticides, atrazin e, moli nate a nd 
chlorpyrifos individually and as mixtures to Daphnia carinata acclimatised at 
elevated saliniti es .. .... ... ... ..... ... ..... ..... . .. .... .. ....... .... .. ... ..... .... ..... ... ..... ... ............. . 125 

7 .l . Abstract .... .. ... .. ... ..... ... ...... .. .. ...... .. .. .... .... ... .......... .... ....... .. ........... .. .. .. ..... ... ... 125 

7.2. 1ntroduc tion ..... ....... ... ....... ....... ... .... .... ... .. ....... ..... ... ........... .. ........ .... ..... .. ..... . 126 

7.3 . Ma terials and Methods .. ............. .. ......... ... .. ... .. .... .. . .. ... ....... .. .... .......... .... .. .... 128 

7.3.1 . Tes t spec ies .. .. .. ........ .. .. .. ......... .. ....... .... .. .......... .... .... ..... .. .. ...... ... ........ 128 
7.3 .2. Tox icn nts ............... ... .... .... .... ... .. ..... ...... ............. ...... ... .. .. .. ... ..... ..... .... . 128 
7.3.3 . Culturin g o f D. corinoto .. ... .. ....... ............... ... ..... .. .. .... ......... .. .... ...... .. 129 
7.3.4 . Ex perimcnwl design .. .. .... ... .. .... .. ......... .. .. .. .. .. ... ....... .. ........ .......... .. .. ... 129 

7. 3 -1. I Croup I c.Ypc:rimenrs ..... ... .. .. .. .. .. .. .. .... ...... .. .. ... .. .. .. ...... .... .......... . 130 

lX 



7. 3. 4. 2. Group 2 experiments ... ... ........... ...... .... ... ..... ................ .. ... ......... 130 
7. 3. 4. 3. Group 3 experiments ....... ...... .... ...... ..... .. ... ... .. .... ... .... .... .. ... ....... 131 
7. 3. 4. 4. Group 4 experiments ... ...................... .. ... .......... ...... .. ....... ....... ... 131 

7.3.5. Test method ........ ..... .. ........ ........ ... ........... ... ......... .... .. .. .... ......... ..... ..... 132 
7.3.6. Evaluation ofmixture toxicity- Toxic Units (TUs) ......... ... .. ...... .. ...... 132 
7.3.7. Chemical analysis of test solutions ..... .............. ....... .. ....... ................... 134 
7.3 .8 . Calculations and statistical analysis ..... .. ........... .. ........ ..... ..... ... ............ 134 

7.4. Results ...... ..... ... ............. ... ... .. ... ....... .... .... .... ...... .... .. ... ... .. .... ..... .. .. ..... ..... .... . 135 

7 .4.1 . Reference toxicant tests ........... ..... .... .. .... .... ........ ... .......... ..... ... .... ...... . 13 5 
7 .4.2. Toxicity experiments ...... .. ... .... ... ... ... .. .. ... .. ...... ..... ....... .... ........ ... .. ...... 136 

7. 4. 2.1 Group 1 experiments ....... ...... ... ........ .. ..... ... .. ............ .. .... ....... ... .. . 13 6 
7. 4. 2. 2. Group 2 experiments ......... .... .... .. .. .. ... ..... .... .. .. .. .... ... ....... ......... .. 13 8 
7. 4.2.3. Group 3 experiments ....... ...... ......... .. .... ... ....... .. ... ......... .. ..... .. .. ... 140 
7. 4. 2. 4. Group 4 experiments .... ... ......... ....... .. .. ... .. .. ..... .. ........ .. ..... .. ...... .. 141 

7.5. Discussion ... .... .... ... ... ........ ....... ...... ........ .... ...... ........... ... .... .. .... ... .. ............... 144 

7.6. Conclusions ... ......... ..... .. ... ..... ..... .. ........ .. .... ...... ...... ... ... ... ... .. .. ....... .. .. ... ... ..... 149 

Chapter 8: General Discussion ... ..... ... .... .. .. ..... ...... ....... ... ............................... .. 150 

8. 1. Introduction ................ .. .... ............ ...... ..... .... .... ... .... .... ..... ...... ...... ... ...... .... ... . 150 

8.2. The sumn1ary of the findings of each component of the study with 
regards to individual test species P. subcapitata and D. carinata ....... ...... ........ .. 151 

8.3. Relative sensitivi ty of P. subcapitata and D. carinata to salinity at 
multigenerationalleve l and at chronic level (for P. subcapitata) and acute 
level (for D. carina fa) . ..... ..... ... ......... ....... .. ..... ...... ... .. .. ....................... .... ............ 153 

8.3. 1. Population level effects and life-history traits of long-term 
exposure to elevated salinity on P. subcapitata and D. carina/a ... ... .. .. .... ..... . 153 

8.3.2. Relative sens iti vity of sa linity acclimatised and non-accl imati sed 
D. corinata for acute exposure and P. subcapitata for chronic exposure 
to sa lini ty ......... ............ ... ..... ..... ................ .................. ..... .......... ..... .... ......... 156 

8.3.3. Developing Acute to Chronic Ratios .. .... .. .............. .. ... ....... ......... .. .. .... 158 

8.3 .4. Inco rporating potential indirect effects of sa lini ty into se tting 
guide lines for maximum sa linity in freshwater ecosystems ... ...... .. ... ............. 160 

8.4. Toxic ity of indiv idual pesticides atrazine, molinate and chl orpyrifos on 
P. .whcopitala (chronic) and D. corinala (acute) and effec ts of acclimation to 
salinity . ...... ... ... ..... ..... .. ....... ....... .... ...... .. ...... .. ..... .... .. .. ......... ........ ...... ..... .. ... ....... 162 

8.4.1. Relative sensit ivity of P. subcapitota and D. corino la to atraz ine, 
molinatc and chl o rpyrilos .......... ... .... ......... .. .. ..... ... ... .... .. ...... .. ...... ...... .... ...... 163 

X 



8. 5. Toxicities of different combinations of mixtures of salinity, atrazine, 
molinate and chlorpyrifos P. subcapitata and D. carinata non-acclimatised 
and acclimatised to salinity over generations ................ ..... .. ..... ... .. ............ ...... .... 165 

8.6. Implications toxicity of salinity and toxic relationships of mixtures of 
pesticides with salinity with Water quality guidelines .. .. ..... .. ...... ........ .. .. .. .. ......... 168 

8. 7. Surrunary and conclusions .. .. ........ ..... ..... ... .... .. .. .. .............. .. ..... ... .. ............. . 172 

References ..... .. .. ... .... ... .. ......... .... ... .. ... ..... ... ...... ... ... .... ........ .............. ... ..... .... .. .. .. 1 7 4 

XI 



List of Tables 

Table 1.1: Worldwide distribution of saline and sodic soi ls ..... ...... ........ ........ .......... 2 

Table 1. 2: The present extent of salt-affected lands in Australia and the 
estimated increases by the year 2050 based on the present trends in 
salinisation. . ...... ........ ..... .. .. .. .. ........ ..... ........... ................... .... ............ ... ........ .. ... ..... 3 

Table 1.3: Salinities of water bodies in Western Australian wheat belt 
(Source: Pinder et al. 2005) ..... .............. ....................................... .... ........ ...... ..... .... 5 

Table 1.4. Mean salinities and salinity trends in streams in Murrumbidgee 
Irrigation Area (Jolly et al. 2001) .... .... ........................ .. .......................................... 6 

Table 1.5. The world consumption of pesticides between years 1983 and 
1998 (Yudelman et al. 1988) ................. ...................................... ..... ........ . ....... ....... 7 

Table 1.6: The four types of joint actions for mixtures developed by Plackett 
and Hewlett (1952) ......................... .. ................ ......... .. .. .. ... ........ .... ............... ........ 12 

Table 2.1 . Nutrient stock solutions used for the algal culture medium and for 
the dilution water used in toxicity tests ........................... ...... ................... .. .. ... .... .. 23 

Table 2.2: Statistical comparisons of the Pseudokirchneriel/a subcapitata 
cell yield ( cells/ 1 00 mL) in the 3000 and 6000 ~S/cm salinity treatments 
with the controls for each culture .................. .. ...................................................... 29 

Table 2.3: Growth rate, cell divisions per day and generation time of 
Pseudokirchneriella suhcapitata in the three treatments for each culture ... ......... . .. 31 

Table 3.1: The measured composition of each treatment of the individual 
pesticide and salinity mixtures expressed as toxic units (TU) of the salinity 
and of the total mixture ............................................................... .. ........................ 38 

Table 3.2 : The measured composition of each treatment of the equitoxic 
pesticide mixtures expressed as toxic units (TU) ....................... 39 

Table 3.3: The measured composition of eac h treatment of the complex 
mixtures of pesticides and sa linity expressed as toxic units (TU) of the 
salinity and of the total mixture ...... .............. .................................................... . .. . 39 

Table 3.4: The four types of joint ac tion for mixtures, developed by Plackett 
and Hewlett (1952) ...... .... ... ........................ ........... .... .... ..... .... .. .. ... .... ........... ......... 43 

Table 3.5 : Concentrat ions of sa linity, atrazine, molinate and chl orpyrifos that 
caused a fifty and twenty-five percent reduction in ce ll y ie ld (IC50 and 
IC25) toP. suhcupitoto and the COJTesponding 95% confidence limits ..... ... .. ........ 4 7 

Tab le 3.6: IC50 va lues of atraz inc, molinate and chlorpyrifos toP. 
suhccLjJi toto exp ressed in molcs/ L. ... ... ........ ...... ....... .. ... ... .... ..... ....... ..... .. .. .... .. . ...... 4 7 

Xll 



Table 3.7: The IC50 and 95°/o confidence limit values, expressed in toxic 
units (TUs), for the mixtures of individual pesticides (each present at a fixed 
concentration) and salinity. . ...... .... .... .. ... ......... .... ... ...... ......... ... ....... .. ... ..... .... ....... 49 

Table 3.8: The IC50 and 95o/o confidence limit (95o/o CL) values of the 
equitoxic pesticide mixtures, expressed in toxic units (TUs) ........ .......................... 50 

Table 3.9: The IC50 values and 95% confidence limit (95°/o CL) values of 
the mixtures of pesticides with salinity, expressed in TU ....................................... 52 

Table 3.10: The types of toxic relationships observed in the mixture 
combination and frequency of occurrence ............................................................. 52 

Table 3.1 I: Types of toxicity relationships in different mixture combinations 
of salinity and pesticides atrazine, molinate and chlorpyrifos ............................ ..... 53 

Table 4.1: The measured composition of each treatment of the individual 
pesticide and salinity mixtures expressed as toxic units (TU) of the salinity 
and of the total mixture .. .. .. ... .. .. ...... ...... .......... ..... .. ... .. ... ..... .. .. ... .... ... ... ... .. ......... ... 62 

Table 4.2: The measured composition of each treatment of the equitoxic 
pesticide mixtures expressed as toxic units (TUs) ..... ..................... ..... ... .... .. ...... .. . 62 

Table 4.3: The measured composition of each treatment of the complex 
mixtures of pesticides and salinity expressed in terms of toxic units (TU) of 
the salinity and of the total mixture. . ...... .... ... .. ..... .. .... ...... ... ...... .. ....... ............ ... ... 63 

Table 4.4: Concentrations of salinity, atrazine, molinate and chlorpyrifos that 
caused a fifty percent reduction in cell yield (IC50) to P. subcapitata 
acclimatised and non-acclimatised to high sa lini ty .. ...... ... ...... ... .... ....................... . 67 

Table 4.5: IC50 values o f atrazine, molinate and chlorpyrifos toP. 
subcapitata expressed in moles/L .... ..... .... .... ....... ......... ....... ... ..... ... ..... .. ........... ... . 68 

Table 4 .6: The IC50 \'alues and 95~/o confidence limits (in parentheses) for 
the toxicity of salinity to Pseudokirchnerie!la subcapitata cultured in 
normal (i.e. 100 ~LS/cm) and high salinity (i.e. , 6000 ~tS/cm) ..... ... .. .. ....... ........... ... 69 

Table 4.7: The IC50 and 95o/o confidence limit values, expressed in toxic 
units (TUs), fo r the mixtures of individual pesticides (each present at a fixed 
concentration) and salinity for P. . ·uhcopitata cultured in nom1al and high 
sa linity algal media . .. ... ... ........... ... ...... ......... .... ......... ............ .... ............ ... .. .. ... ..... 70 

Table 4.8: The IC50 and 95°/o confidence limit (95 % CL) values of the 
equi toxic pesti cide mixtures, expressed in toxic units (TUs) for P. 
suhcoeiwlo cultured in no rmal and high sa linity algal media .. ..... ... ... .. ... .... ..... ..... 71 

X Ill 



Table 4.9 The IC50 values and 95% confidence limit (95o/o CL) values of the 
mixtures of pesticides with salinity, expressed in TU for P. suhcapitata 
cultured in normal and high salinity alga l media. . . . . . . . .. ... .. . . . . . . . . . . . ... . . . . . . . . . . . .. . . . . . . 73 

Table 4.10: The types of toxic relationships observed in the mixture 
combination and frequency of occurrence ......... ... .... ............... .. .. .................. ........ 73 

Table 4.11: Types of toxicity relationships in different mixture combinations 
of salinity and pesticides atrazine, molinate and chlorpyrifos for P. 
subcapitata cultured at nom1al salinity and high salinity ..... .... ........ ........ ..... ... ..... 74 

Table 5.1 . Salinities of water bodies in the Western Australian wheat belt 
(Source: Pinder et al. 2005) ................... .............. ....... ... ....... .... .... .. ... ........ ....... ..... 79 

Table 5.2. Mean salinities and salinity trends in streams in Murrumbidgee 
Irrigation Area (Source: Jolly et al. 2001) ... ..... .......... ... .. ... .. .... ........ ........ ..... ....... .. 80 

Table 5.3: The no observed effect concentrations (NOEC) and lowest 
observed effect concentrations (LOEC) values of salinity to selected life 
history traits of D. carinata in each generation .... .......... ..................... ... ... .... ... .. .... 94 

Table 5.4: Salinities which caused a 25°/o deleterious effect on selected life 
history traits of Daphnia carinata for generations FO to F3 .. ... ....... .... ....... ... ......... 95 

Table 5.5 : The variations of mean intrinsic rate of natural increase of 
D. carina la in generations of FO - F3 .... ..... ............. ...... ..... ... .. .. .. ............ ..... ...... .. . 95 

Table 6. 1: Concentration of each treatment of each pesticide and salinity 
mixture expressed in toxic units (TUs) and the contributions of salinity to the 
treatme11t. .... .. ... ...... ...... .. ... ..... .... .. .. .... ... ....... .......... ... ... ... .... ......... ....... ........ ....... 103 

Table 6.:2 : Concentration of each treatment of the equitoxic pesticide 
mixtures expressed as toxic units (TUs) ... ..... .. .... .. .. ...... .... ....................... ........... 104 

Table 6.3 : Concentration of each treatment of each pesticide and salinity 
mixture expressed as toxic units (TUs) and the contribution to the treatment 
of salinity . .... ............... ........ .. ..... ... ... ........ .... .. ............. .. .... ...... .... . .. ......... ......... .. 105 

Table 6.4: The four types of joint actions for mixtures developed by Plackett 
and Hewlett ( 1952) ........................ ............................ .. .. .. ... ... ..... .............. .... ...... . 107 

Table 6.5: Concentrations of atrazine, chlorpyrifos, molinate and salinity that 
caused a 50o/o immobilisation of D. carina/a (EC50) and the corresponding 
95°/o confidence limits from valid toxicity tests ... .. .. ...... .................... .. .. .. ........... 111 

Table 6.6: EC50 values of atra zine, molinate and chlorpyrifos toP. 
suhcupitutu expressed in moles/L. ............ .. .. .. .............. .... ................................. .. 112 

Table 6. 7: The EC50 va lues of mixtures of individual pesti ides and sa linity, 
exp ressed as tox ic units (TUs) ................................... .. .... .. .. .................... .. .......... 11 4 

XIV 



Table 6.8: The EC50 values of equitoxic mixtures of three pesticides, 
expressed as toxic units (TUs) ..... .......... .. ....... .... ............... ...... .. ...................... .... 115 

Table 6. 9: EC50 values of mixtures of pesticides with salinity expressed as 
toxic units (TUs ) . .. ............ ....... ...... .................... ... ...................... ........................ 117 

Table 6.10: Types of toxicity relationships observed in mixture combinations 
and their frequency of occurrence .......................... ..... ..... .................................... 117 

Table 6.11: Types of toxicity relationships in different mixture cmnbinations 
of salinity and pesticides atrazine, molinate and chlorpyrifos .. ...... ......... .. ............ 118 

Table 6.12: Salinities of water bodies in Western Australian wheat belt 
(Source : Pinder et al. 2005) ........... ........ .. .. ................................. ........... ... ......... .. 119 

Table 7.1: Concentration of each treatment of each pesticide and salinity 
mixture expressed in toxic units (TUs) and the contributions to the treatment 
of salinity .. .. .. .. ..... ........ ......................... ...... . .. .... .. .......... ............. ... ..... .... ........... 130 

Table 7.2: Concentration of each treatment of the equitoxic pesticide 
n1ixtures expressed as toxic units (TUs) .. ........... .. ..... .... .. ...... .. ...... .. ... .... .. ........ .. . 131 

Table 7.3: Concentration of each treatment of each pesticides and salinity 
mixture as toxic units (TUs) and their contributions to the treatment of the 
sali11ity .. .. .. ... ....... ..... ....... ..... ... ..... .... ... ..... ................. .............. ...... .... ... ..... ...... ... 132 

Table 7.4: Salinities that caused 50o/0 immobilisation (i .e., EC50 values) of 
D. carina/a cultured in nmmal cladoceran water (200 ~LS/cm) and elevated 
salinity (i.e. 6300 ~S/cm) . ..... .... . .. ... ....... ....... ..... ...... ... .. ... ............ .... ........ ........ .. 13 7 

Table 7.5: The sa linity and concentration of atrazine, chlorpyrifos and 
molinate that caused 50% immobilisation of D. carinata cultured in water 
with salini ties of 200, and 6300 ~JS/cm . ...... .. ... ... ...... .... .. ..... .. ...... .. .. .. .......... .. ...... 13 7 

Table 7.6: EC50 values of olra zi ne. moli nate and chlorpyrifos l) D. coFinolo 
expressed in moles/L . .. ........... .... ...... ........ ... .... .. ........ .. ...... ..... ... ........ ........ .... .... .. 13 8 

Table 7. 7: The sum of the toxic units (TU) of mixtures of individual 
pesticides and salinity that caused 50o/o immobilisation of Dophnia corinota . ..... 140 

Table 7.8: The sum of the toxic units (TU) of mixtures of individua I 
pesticides that caused 50o/o immobilisation of Daphnia carinoto . .... ........ .... ....... 141 

Table 7.9: The sum of the toxic units (TU) of mixtures of pesticides and 
salinity that caused 50o/o immobilisation of Dophnia corinoto . .... ... .. .. ... ............. 143 

Table 7. 10: Type of toxicity relationships observed in the mixture 
combination and frequency or their occurrence . ..... .... ........... ....... .. ..... .... ... .... ..... 143 

XV 



Table 7.11: Types of toxicity relationships in different mixture combinations 
of salinity and pesticides atrazine, molinate and chlorpyrifos for D. carina to 
cultured at normal salinity and high salinity ........ .... ... ..... .. .. ... .... .. ............ .... ..... . 144 

Table 8.1: The lowest observed effect concentrations (LOECs) for salinity to 
each generation of the alga Pseudokirchnerielfa subcapitata and the 
cladoceran Daphnia carinata for the endpoints that were common to both 
sets of multigenerational tests. . ... ..... ...... ...... ... .. ....... ...... ... ..... ... .... .... ..... ......... ... 154 

Table 8.2: The acute to chronic ratios (ACRs) of non-acclimatised and 
acclimatised Pseudokirchneriella subcapitata. (derived from short-term 
chronic IC50 and multigenerational LOAC) and Daphnia carinata (derived 
from acute EC50 and chronic/multigenerational LOAC) .. ..... .. ... ...... ...... .. ... ...... . 159 

Table 8.3: Calculated protective concentrations of salinity (mS/Cin) for 
selected percentages of taxa with safety factors (extracted from Kefford et al. 
(2006) based on direct toxic effect data and having accounted for indirect 
effects (revised safety concentration values are in parentheses) . ..... ... ......... ... ... ... 162 

Table 8.4: The toxicity (EC50 or IC50 and 95o/o confidence limits in 
parentheses) of atrazine, n1olinate and chlorpyrifos to acclin1atised and non-
acclimatised P. subcapitata and D. carinata . .. .. ...... .. .. ......... .. .. ........... .. ... .... ....... 163 

Table 8.5 : Types of toxicity re lationships in different mixture combinations 
of salin ity and pes ticides atrazine, molinate and chlorpyrifos for non-
accliinatised P. subcapitata and D. carinata ....... ... .. ................. ... .. ........ .. ............ 166 

Table 8.6: Types of toxicity re lationships in different mixture con1binations 
of sa lin ity and pes ti cides atraz ine, mo linate and chlorpyrifos Cor acclimatised 
P. subcapitata and D. carina to .. .. .. .. .. .. ........... .... .. ..... .. ..................................... .. . 166 

Table 8. 7: Percentage diffe rence of occurrence of different tox icity 
relationships among the sa lini ty acc limati sed and non-acc limati sed P. 
suhcopitota and D. corinoto non-acc limati sed and acclimat ised ......... .. ............... 167 

Table 8.8: Percentage of P. suhcopitoto and D. carina/a non-acclimatised 
and acclimatised both species together ... .. ............................ .. ....... .... .. .... .. .. .... .... 168 

X V! 



List of Figures 

Figure 1.1: The trends in pesticide sales in Australia from 1975 to 2006 
(Source Austral ian commodity statis tics 2007) . ....................................................... 7 

Figure 1.2: An example of the plots used to indicate the type of toxic 
interaction that occurs within the mixtures ..................... .. ........ ...... .... .. .. .............. 13 

Figure 1.3: An example of the isobolographic plot used to indicate toxicity 
relationships i.e. , additivity, antagonism and synergism .... .... .. .... ................ .... .. .. .. 14 

Figure 2.1: Variations in mean growth rate, cell divisions per day and 
generation time in the CO culture of Pseudokirchneriella subcapitata. .. ............... 26 

Figure 2.2: Variations in mean growth rate, cell divisions/day and generation 
time in the Cl culture of Pseudokirchneriella subcapitata ............ ....... .. ............... 27 

Figure 2.3: Variations in mean growth rate, cell divisions/day and generation 
time in the C2 culture of Pseudokirchneriella ....................................................... 27 

Figure 2.4: Variations in mean growth rate, cell divisions/day and generation 
time in the C3 culture of Pseudokirchneriella subcapitata .. .................................. 28 

Figure 2.5: Variations in mean growth rate, cell divisions/day and generation 
time in the C4 culture of Pseudokirchneriella subcapitata ...... .. .. .. ... .. .................. . 28 

Figure 3.1: An example of the plots used to indicate the type of toxic 
interaction that occurs within the mixtures. .. ...... ............ .. ............ _ .. .. .. ............ .... . 44 

Figure 3.2: The cumulative summary chart for the salinity reference toxicity 
tests for P suhcapitata . .... .. ......... .. .... .. .... ...... .. ... .... .......... ..... .. .... .. .. ..... .... ... .. ...... 46 

Figure 3.3 : Typical concentration response relationships for the toxicities of 
individual pesticides . __ ... __ . _ ..... __ .. ___ .... . ___ _ ... ______ . ___ ___ .. ___ _ .... ... .. . _ ... ...... .... . .. . __ .. .. .. .. .. 48 

Fi gure 3.4: The toxi c ity or Ill i.xtures or inc..lividunl pestic ides with V<lrying 
salinities to P.suhcopitato cultured in nonnal algal media with a salinity of 
100 ~LS/cn1. . ......... __ ... .......... ....... ... .. __ ....... .. _ ....... ...... .. __ .... .... ...... ....... _ ... ... .... .... .... 49 

Figure 3.5 : The toxicity of equi toxic mixtures of pesticides toP. suhcapitata 
cultured in norm<ll algal media with salinity of lOOpS/cm . ................... ...... ... ....... 50 

Figure 3.6: The toxicity of mixtures of pesticides with varying 
concentrations of sa linities toP. suhcopito/a cultured in nonnal algal media 

vvi th sa linity o f 100 ~LS/cm .............. .. .................... ... ........................................... . 5 1 

Figure 4.1: 1\n examp le o f the plots used to indicate the type of toxic 
interacti on that occurs with in the mixtures. The concentrations of the mi xture 
(expressed in toxic units, TUs) that ca use certain °/o inhibition are plotted ..... ... .... 65 

XVll 



Figure 4.2: The cumulative summary chart for the salinity reference toxicity 
tests for P. subcapitata cultured at the salinity of 6000 ~LS/cm .............. ............. ... 67 

Figure 4.4: The toxicity of mixtures of individual pesticides with varying 
salinities toP. subcapitata cultured in high salinity algal media with a 
salinity of 6000 )l.S/cm. . .................. ............. ..... ....... ................. .......... ... ............. 70 

Figure 4.5: The toxicity of equitoxic mixtures of pesticides toP. subcapitata 
cultured in high salinity algal media with salinity of 6000 )l.S/cm ..... ........... .... . .. ... 71 

Figure 4 .6: The toxicity of mixtures of pesticides with varying 
concentrations of salinities toP. subcapitata cultured in high salinity normal 
algal media with salinity of 6000 )l.S/cm .. ............. ........ ....... .. ...... ... ........... .... ... .... 72 

Figure 5.1: Variations in mean total reproduction per female in each 
generation as a function of salinity ........ .. .... ..... .... ..... ...... ... ..... ................. ........ ... . 86 

Figure 5.2: Variations in mean brood size in each generation as function of 
salinity .......................... .. ...... ....................... ......... .. ..... .................. ...................... . 87 

Figure 5.3: Variations in time to first brood and mean generation time as a 
function of salinity . ......... ........... ....................................................... .. ..... ......... ... 88 

Figure 5.4: Variations in body lengths of D. carinata neonates of brood 2, 
produced in each generation as a function of salinity . .............. ..... ........ ..... ........... 89 

Figure 5.5: Variations in body lengths of D. carinata adult in each 
generation as a function of the salinity . .. .... ...... ....... .. ... .... . .. .. .................... ...... .. .. . 90 

Figure 5.6: Variation in filtration rates of D. carinata in each generation as a 
f11nction of salinity .... ...... .. .. .. ... ... ...... .. ... .... .. .. ...... ... ..... .. .. . .... ... ......... ...... .. ..... ....... 91 

Figure 5.7 Variation in ingestion rate of D. carina/a in each generation as a 
funct ion of salinity .. ...... .. .... ......... ........... ........ .................. .. ....... .. ........................ 92 

Figure 5. 8: Vari8 ti ons in intrin s ic ra te of natural increase (r) o f D. carinota in 
each generation as a function of salinity .......................... ...... .... ........ .................. . 93 

Figure 6 .1 : An exa mple of the plots used to indicate the type of toxic 
interaction that occurs wi thin the mixtures ... ...... .... .... .... .............. .... ............ .. .... 109 

Figure 6.2: The cumu lative summary chart for the salinity reference toxicity 
tests for D. carinota. .. .. .................................... .. ............................. .. .......... .. ..... 111 

Figure 6.3: The toxicity of mixtures of individual pesticide s with varying 
sa I inities to Daphnia carina/a cultured in water with a salinity of 200 ~LS/cm ...... 1 13 

Figure 6.4 : T he toxicity or equitoxic mixtures of pestic ide. to D. carinolo 

cultu red in wate r with a sal inity of 200 ~LS/cm ........ .. .. .. .... .. .. .. ...... ....................... 1 15 

XV lll 



Figure 6.5: The toxicity of mixtures of pesticides with varying 
concentrations of salinities to D. carina fa cultured in 200 ~L S/cm medium .... .. .... . 116 

Figure 6.6: The variation in the toxicity of a mixture of atrazine, chlorpyrifos, 
molinate and salinity with increasing salinity (extracted from Figure 6. 7) .......... 120 

Figure 7.1: An example of the plots used to indicate the type of toxic 
interaction that occurs within the mixtures. . ................ ...................... ........... .. .... 134 

Figure 7.2: The cumulative summary chart for the salinity reference toxicity 
tests for D. carinata cultured in 6300 ~lS/cm mediun1 .. ... ......... ... .............. ...... ..... 136 

Figure 7.3: The toxicity of mixtures of individual pesticides with varying 
salinities to Daphnia carinata cultured in water with a salinity of 6300 . .... ... .. .... 139 

Figure 7.4: The toxicity of equitoxic mixtures of pesticides to D. carinata 
cultured in water with salinity of 6300~S/cm. . .............. ..... ... ......... .... ..... .......... . 141 

Figure 7.5: The toxicity of mixtures of pesticides with varying 
concentrations of salinities to D. carinata cultured in water with salinity of 
6300~S/cn1 ...... .... .................. .... ....... ........... ................ ... ... ............... .... .......... ... .. 142 

Figure 7.6: The variation in the toxicity of a 1nixture of atrazine, chlorpyrifos, 
molinate and salinity with increasing salinity ......... .. .... .. .............. . ........ . .. 14 7 

Figure 8.1: Mean IC50 (72 hours growth inhibition) and EC50 (48 hour 
mmobilisation) of salinity for P. subcapitata and D. carinata acclimatised 
and non-acclimatised to salinity. . ............................... ..... .... ............................. .. 1 57 

Figure 8.2. Summary of the study ............. .... .... ....... ...... .............................. ..... ... 171 

X IX 



Abstract 

The salinisation of inland water bodies occurs in many parts of the world. This issue 

is serious in Australia, especially in agricultural areas where pollution caused by 

pesticides is also prevalent. Even though mixture toxicity studies have been carried 

out for various classes of chemicals, little infom1ation is available on the toxicities of 

the combined effects of pesticides and salinity on freshwater aquatic biota. Aquatic 

organisms inhabiting salt-affected inland water bodies experience the effects of 

salinity over generations. Thus, there may be differences in the sensitivity of these 

organisms to salt-induced changes from those caused by other toxicants. There is no 

scientific information on how salinity-affected freshwater organisms respond to 

various agrochemicals in such environn1ents. 

Two representative test species, VIZ. the freshwater alga Pseudokirchneriella 

subcapitata and the freshwater cladoceran Daphnia carinata were selected to study 

the effects of salinity individually and as mixtures with selected pesticides (atrazine, 

molinate and chlorpyrifos). 

The experiments consisted of effects of multigenerational exposure to salinity on the 

life history traits of these two species. The acute toxicities of individual toxicants and 

their mixtures on these two species were also tudied . Finally, the acute toxicities of 

individual and mixtures of toxicants on both species acclimatised to salinity over 

multiple generations were compared with non-acclimatised populations. P. 

suhcapitata (non11al salinity 100 ~LS/cm) exposed to elevated salinities (3000 and 

6000 ~LS/cm) over five sequential culture::. (CO - C..f) had significant (p ~ 0.05) 

adverse effects on growth rate, number of cell divisions per day and generation time 

except for the second culture (C 1 ). Al l cultures from C I to C4 had significantly lower 

(p :S 0.05) ce ll yields than CO for both the elevated salinities. Significant differences 

(p :::; 0.05) between cu ltures were observed (compared with CO) in terms of the growth 

rate, cell divisions per clay, generat ion time and cell yie ld indicating that stress 

induced by e leva ted sa linity persisted over the rive sequential c ultures. 

D. carinolo (normal sa I ini ty 200 ~LS/cm) were m a inta i nee! a t clcva tee! sa I ini ti es (2000, 

4000, 5500 and 6300 ~tS/cm) for four gcnerc:Jtions (FO- F3). Sal in ities 2: 5500 ~LS/cm 
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significantly reduced (p _s 0.05) their reproductive ability, intrinsic rate of natural 

increase and ingestion rates. Neonatallength was significantly reduced (p S 0.05) at 2: 

2000 )l.S/cm while filtration rate was significantly reduced (p S 0.05) at 2: 5500 and 

4000 )l.S/cm for the F 1 and F2 generations, respectively; no significant differences 

were found for the FO generation. Significant delays (p S 0.05) in the reproduction 

also occurred with incre~sing salinities.Development of tolerance to salinity .as an 

adaptation over generations was not clearly evident from these results. Cladoceran 

populations may be impacted due to reduced food availability (due to direct effects of 

salinity on the alga) at salinities 2: 3000 )l.S/cm. Such cascading effects on species at 

higher trophic levels could result in comn1unity level effects. Thus, reliance on results 

of single species experiments is questionable and there should be a mechanism to 

incorporate community level toxic effects in ecological risk assessments and water 

quality guidelines. 

Chronic toxicities of individual toxicants (72-hour IC50 values) to P. subcapitata 

were 5600 )l.S/cm, 48 )l.g/L, 300 ~tg/L, 797 ~tg/L for salt, a trazine, molinate and 

chlorpyrifos, respectively . Atrazine was very highly toxic, molinate was highly toxic 

and ch lorpyrifos was moderately toxic to the alga. Toxicities of n1ixtures of these 

toxicants were evaluated using the Toxic Unit (TU) approach. Approxin1ately 50% of 

the mixture combinations for non-acclimatised P. subcapitata confom1ed to 

antagonism, 47.3°/o to additivity and 1.8% to synergism . For salinity acclimatised and 

non-acc limatised cultures of P. subcopitoto, ch lorpyrifos/sa lt and 

atrazine/ch1 orpyrifos/salt mixtures were significantly (p S 0.05) different and high 

salini ty 8cc lim8tiscd cultures were less tolerant of these mixtures. In set linity 

acc limettised cultures exposed to mixtures of the pesticides and salinity, the majority 

of the co ncentra tions (71 %) tes ted co nformed to additivity. Approximately 20o/o and 

9o/o of the mi xtures conformed to antagonism and synergism, respective ly. Changes in 

tox icity relationships in mixtures occun·ed between non-acclimatised and acclimatised 

cultures i.e., antagonistic relationships in non-acclimatised cultures became additive 

in acclimatised cultures, and so me additive relationships in the non-acclimatised 

cultures became syncrgistic in the acclimatised cultures. This indicates an increase in 

the sensiti vity to the toxicant mi xtures of the acclimettisecl alga. 
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For D . carinata, acute toxicity ( 48-hour immobilisation EC50) values were 8790 

).l.S/cm, 42 mg/L, 25 mg/L and 0.21 ).lg/L for salinity, atrazine, molinate and 

chlorpyrifos, respectively. Chlorpyrifos was very highly toxic while atrazine and 

molinate were slightly toxic to the cladoceran. Toxicity relationships for mixtures of 

pesticides and salinity for non-acclimatised cultures were 47% conformed to 

additivity, 11% conformed to synergism and 42o/o conformed to antagonism. The 11 o/o 

of mixtures showing synergistic relationships needs attention in developing water 

quality guidelines (WQGs) . 

Acclimatisation to 6300 ).l.S/cm water did not change the tolerance of D. carinata to 

acute exposures of atrazine, chlorpyrifos or molinate individually, as mixtures of the 

pesticides or as mixtures of the pesticides with the high salinity tested. Thus, 

acclimatisation to salinity did not adversely alter their defence mechanisms against 

individual pesticides or their mixtures. The toxicity relationships of mixture 

combinations were antagonism - 3 7%, additivity - 52% and synergisn1 - about 11%. 

This suggests greater toxicity than expected fron1 the concentration addition (CA) 

nwdel. There was about a 5o/o decrease in antagonism in high salinity cultures 

compared with non11al alinity cultures while additivity increased by the same 

percentage in high salinity cultures; synergism ren1ained the same in both cultures. 

The two test species exhibited different toxicity responses to the mixtures of toxicants. 

There were changes in sensitivities in terms of toxicity relationships in salinity

acclimatised and non-acclimatised cultures especially for P. suhcapitnto. The most 

prevalant toxicity relationship was additivity and therefore incorporation of additivity 

into the derivation or implementation of WQGs would protect the two species from 

approximately 900;0 of the mixtures tested. However, mixtures that have synergistic 

relationships, which were about I Oo/o of the mixtures would not be sufficiently 

addres ed by these WQGs. Based on the findings of the present study, it is 

recommended that long-tenn exposure scenarios and toxicities of mixtures should be 

incorpora ted to provide a more conservative approach in risk assessments and in 

deriving water quality guidelines. 
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