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2). determine the sensitivity of different larval instars to arsenic. 

3). determine whether the chemical species or valency status influenced the toxicity of 

arsenic. 

4). determine whether the sensitivity of a test species changes with season of the year 

when it is collected. 

5). determine whether there is any difference in sensitivity to arsenic between laboratory 

cultured and wild-collected larvae of the same age. 

6). evaluate how temperature affects the toxicity of arsenic and copper to test species. 

6.2. METHODS 

First, 2nd and 3rd larval instars were obtained from the cultures established· in the 

laboratory. Fourth larval instars were obtained from either laboratory cultures or the 

field. For the collection of wild 4th instar larvae from the study sites in this experiment, 

Lake Ngaroto was chosen for C. sp. a and Sulphur Point and Hamurana Stream were 

chosen for C. zealandicus and P. pavidus respectively, because each species was 

relatively more abundant at these respective sites. Methods of collection and culture of 

test species were described in chapters 2 and 3 respectively). 

6.2.1. Handling and acclimation 

Required larval stages were obtained either from culture tanks or from stocking tanks 

that were maintained at l 8°C, 24 hours before starting the test. This was done by sieving 

substrates in 20 L buckets containing water. A mesh size of 40 µm was used to sieve 

1st, 2nd, and 3rd larval instars, and 250µm mesh was used to sieve 4th larval instars. 

Test animals were carefully transferred with a paintbrush (4th instar) or a Pasteur pipette 

(earlier instars) into beakers containing soft synthetic water at the test temperature and 

acclimatised for 24 hours before the test initiation. Beakers were gently aerated during 

the acclimation period. 
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6.2.2. Test media and parameters 

Stock solutions of As3+ and Ass+ were prepared from reagent grade sodium arsenite 

(NaAs02) and sodium arsenate (Na2HAs04.7H20) respectively, and Cu2+ stock solution 

was prepared from reagent grade copper sulphate (CuS04.2H20). A final range of 

concentrations for test solutions was determined by conducting preliminary range­

finding tests with each instar of each species for As3+, Ass+, and Cu2+ separately. Test 

concentrations were prepared by diluting appropriate aliquots of stock solutions with 

soft synthetic water before larvae were exposed. All glassware was cleaned by washing 

in 20% laboratory grade nitric acid and then rinsing in hot water and MILLI-Q water at 

least five times to remove any trace of acid. 

A series of five concentrations of arsenic or copper and a soft synthetic water control 

were run during this study. Beakers (150 mL) with 100 mL of test solution were used 

for 3rd and 4th larval instars and 25 mL beakers with 20 mL of test solution were used 

for 1st and 2nd larval instars in each test. Five acclimated larvae were exposed to each 

arsenic or control solution with three replicates per test. Each test was run over 96 

hours except tests with 1st instars. Tests with 1st instar larvae were terminated after 72 

hours since these animals metamorphose within 4 to 5 days of hatching. Test conditions 

were static without replacement of the test solution. Each test was replicated 3 times. 

Mortality was defined as lack of movement of the body, anal papillae, or mouthparts 

when subjected to a rapid stream of water from a Pasteur pipette or gentle probing 

(Gauss et al. 1985). 

Water quality parameters such as dissolved oxygen, salinity, conductivity and pH were 

measured at the beginning and end of each test by standard methods described in 

Chapter 2. Concentrations of arsenic and copper in the stock solutions and randomly 

selected test solutions were determined at the end of testing by either flame or graphite 

furnace atomic absorption spectroscopy. Each set of tests was carried out in a 

temperature-controlled system with a photoperiod of 16:8 (L:D). Test chambers were 

not aerated and no food was given during the experiments. 
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6.2.3. Data analysis 

A test was considered to be valid only if control survival was greater than 90%. Four 

methods for estimating the Median Lethal Concentration were used as recommended by 

the USEP A ( 1991) depending on the number of partial mortalities. 

1. Graphical Method: 

The graphical method is used to determine the LC50 when there is no partial mortality 

and the observed percent mortalities bracket 50%. 

2. Spearman-Karber Method: 

The Spearman-Karber method is used when one or more partial mortality occurrs and 

the mortality is zero at the lowest concentration and 100% at the highest concentration. 

The Spearman-Karber method is used when the requirements for the probit method are 

not met. 

3. The trimmed Spearman-Karber Method: 

The trimmed Spearman-Karber method is used when there is one or more partial 

mortality and the mortality is not zero at the lowest concentration and 100% at the 

highest concentration. The trimmed Spearman-Karber method is used when the 

requirements for the probit and Spearman-Karber methods are not met. 

4. Probit Method: 

The Probit method is used when there are two or more partial mortalities and observed 

mortalities bracket 50%. 

LC50 values in the present study were determined by one of above methods depending 

on the number of partial mortalities in each test. Each replicate in these experiments 

was treated as an independent test. The differences between mean LC50 values were 

analysed by ANOVA followed by Tukey-Kramer pairwise comparison. Significances 

were determined at the 95% level (p < 0.05). 
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6.3. RESULTS 

Control survival in all valid tests at 18°C is given in Table 6.1. Survival did not decline 

appreciably during the duration of the tests. Survival was relatively higher for C. 

zealandicus than the other two species and older instars of each species survived better 

than younger instars. 

6.3.1. Acute toxicity of arsenic 

Significant differences in sensitivity to arsenic were recorded between larval instars, and 

between chironomid species. C. zealandicus was more tolerant to both forms of As than 

the other two species (Tables 6.2, 6.3, 6.4). C. sp. a was the most sensitive species. The 

toxicity of arsenic increased with test duration. In general, 48 hour LC50 values· for all 

three species increased with age. However, differences in LC50 values between instars 

were relatively less at 72 hours and were least at 96 hours. Trivalent arsenic was always 

more toxic than pentavalent arsenic to all three test species. The wild-collected 4th 

instar larvae were relatively more tolerant to As5+ than the laboratory cultured animals 

of the same age. This effect declined with test duration with the exception of C. 

zealandicus. Wild-collected 4th instar larvae were slightly more tolerant to As3+ after 48 

hours but became more sensitive with time (Tables 6.2, 6.3, 6.4). 

In general, the tolerance of larvae to both forms of arsenic increased with age with few 

exceptions (Fig. 6.1 ). 
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Table 6.1. Control survival (%) of larval instars of three species of chironomid used in 
the toxicity tests after 48, 72 and 96 hours. Each point is a mean of 18 replicates with % 
covariance in parentheses. (W - Collected in the wild.) 

Test species Duration Larval instar 
(hours) 

First Second Third Fourth Fourth (W) 

Chironomus zealandicus 48 94.4 94.4 95.6 96.7 97.8 
(9.8) (9.8) (9.0) (8.0) (6.7) 

72 93.3 94.4 95.6 96.7 97.8 
(10.4) (9.8) (8.9) (7.9) (6.6) 

96 93.3 94.4 95.6 96.7 97.8 
(10.4) (9.8) (8.9) (7.9) (6.6) 

Chironomus sp. a 48 91.1 91.1 92.2 94.4 94.4 
(11.2) (11.2) (10.9) (9.8) (9.8) 

72 91.1 91.1 92.2 94.4 94.4 
( 11.2) (11.2) (10.9) (9.8) (9.8) 

96 90 91.1 92.2 94.4 94.4 
(11.4) (11.2) (10.9) (9.8) (9.8) 

Polypedilum pavidus 48 93.3 95.6 95.6 96.7 97.8 
(10.4) (8.9) (8.9) (7.9) (6.6) 

72 93.3 95.6 95.6 96.7 96.7 
(10.4) (8.9) (8.9) (7.9) (7.9) 

96 93.3 95.6 95.6 96.7 95.6 
(10.4) (8.9) (8.9) (7.9) (8.9) 
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Fig. 6.1. Comparison of 48 hour LC50 values for As3+ and As5+ to four larval instars 
cultured in the laboratory and the fourth larval instars collected in the wild for three 
species of chironomid. Each point is a mean of 9 replicates ± SE. 
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Table 6.2. 48 hour LCso values for As3+ and As3+ in g/m3 to cultured 1st, 2nd, 3rd, 4th 
instars and wild-collected 4th instars of Chironomus zealandicus, Chironomus sp. a, and 
Polypedilum pavidus at l 8°C. Each value is a mean of 9 replicates from three tests with 
standard errors in parentheses. (* - significantly greater than that of the previous instar 
(P<0.05); W - Collected in the wild) 

As3+ Ass+ 

Larval instar First Second Third Fourth Fourth First Second Third Fourth Fourth 
(W) (W) 

C. zealandicus 36.7 79.4* 103 122 116 239 395* 1055* 2490* 4190* 
(1.6) (6.7) (5) (8) (14) (15) (19) (27) (216) (472) 

C. sp. a 14.7 20.4* 31.3* 39.1 * 42.1 52.1 69.3 176* 1303* 2925* 
(2.4) (1.7) (2.7) (3.4) (5.3) (6.4) (5.8) (10) (72) (304) 

P. pavidus 19.0 37.4* 51.0* 84.7* 88.6 21.4 93.5* 470* 1492* 2336* 
(3.5) (3.8) (3.3) (3.7) (8.1) (4.6) (4.6) (56) (196) (266) 

Table 6.3. 72 hour LCso values for As3+ and As3+ in g/m3 to cultured 1st, 2nd, 3rd, 4th 
instars and wild-collected 4th instars of Chironomus zealandicus, Chironomus sp. a, 
and Polypedilum pavidus at 18°C. Each value is a mean of 9 replicates from three tests 
with standard errors in parentheses. (* - significantly greater than that of the previous 
instar (P<0.05); W - Collected in the wild) 

As3+ Ass+ 

First Second Third Fourth Fourth First Second Third Fourth Fourth 
Larval instar (W) (W) 

C. zealandicus 29.5 24.5 81.3* 105 92.1 184 363* 944* 1707* 4028* 
(2.1) (3.8) (5.7) (10) (5.4) (17) (14) (23) (222) (253) 

C. sp. a 12.7 16.6 19.6* 18.0 18.3 41.7 49.2 128* 735* 1155* 
(2.3) (0.8) (1.0) (2.8) (2.3) (1.3) (4.0) (5) (31) (162) 

P. pavidus 6.2 22.2* 30.4 38.7 30.4 31.l 73.6* 267* 1127* 1191 
(0.5) (0.8) (4.2) (4.7) (3.6) (3.0) (4.0) (10) (133) (176) 
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Table 6.4. 96 hour LCso values for As3+ and As3+ in g/m3 to cultured 2nd, 3rd, 4th 
instars and wild-collected 4th instars of Chironomus zealandicus, Chironomus sp. a, 
and Polypedilum pavidus at l 8°C. Each value is a mean of 9 replicates from three tests 
with standard errors in parentheses. (* - significantly greater than that of the previous 
instar (P<0.05); ** - significantly lower than that of the previous instar (P<0.05); W -
Collected in the wild) 

As3+ Ass+ 

Larval instar 
Second Third Fourth Fourth Second Third Fourth Fourth 

(W) (W) 

C. zealandicus 16.2 63.4* 70.4 60.0 285 919* 814 4176* 
(1.2) (2.5) (5.4) (10.0) (10) (17) (63) (132) 

C. sp. a 14.9 17.3* 9.8** 6.9 33 104* 481* 502 
(0.8) (0.5) (0.5) (0.3) (1) (3) (28) (35) 

P. pavidus 19.7 20.9 26.6 13.6 47 235* 700* 608 
(0.9) (1.1) (4.4) (1.5) (2) (5) (58) (38) 

Polypedilum pavidus shows greater variation in sensitivity than C. zealandicus and C. 

sp. a between 1st and 4th instar larvae (Table 6.5). Values of the ratios of median lethal 

concentrations of the laboratory cultured 4th instar larvae to the 1st instar larvae for 

As3+ at 48, 72 and 96 hours were smaller for C. zealandicus, and C. sp. a than for P. 

pavidus. These values for Ass+ also showed the same pattern. 

Effects of temperature on arsenic acute toxicity 

No direct relationship between LCso values and temperature was observed in the test 

designed to study the effect of temperature on arsenic toxicity (Tables 6.6, 6.7). Larvae 

of the test species were more sensitive at 23°C with few exceptions. Chironomus 

zealandicus was relatively more sensitive at 13°C, and 23°C, than at 18°C to both forms 

of arsenic. The same relationship was observed with C. sp. a and P. pavidus for Ass+. 

There were no significant differences in LCso values for As3+ at 13°C and 18°C for C. 

sp. a and P. pavidus. However, these values were significantly lower than at 23°C. 
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Table 6.5. Ratio of LCso values (As3+ and As5+) of the 2nd, 3rd and 4th instar larvae to 
the 1st instar larvae and 4th (W) instar larvae to 4th instar larvae with 95% confidence 
limits within parentheses. Each point is a mean of 9 replicates. (W - Collected in the 
wild; CL - 95% confidence interval 

Test duration 48 hours 72 hours 96 hours 

2nd: 3rd: 4th: 4th(W) 2nd: 3rd: 4th: 4th(W) 2nd: 3rd: 4th: 41\W): 
Ratio 1st 1st 1st :4th 1st 1st 1st :4th 1st 1st 1st 4th 

instar instar instar instar instar instar instar instar instar instar instar instar 

C. zealandicus As3+ 2.18 2.82 3.33 0.96 0.84 2.85 3.57 0.91 0.92 3.63 3.97 0.87 
(0.40) (0.17) (0.19) (0.27) (0.30) (0.72) (0.33) (0.21) (0.18) (0.57) (0.21) (0.33) 

As5+ 1.68 4.44 10.4 1.73 2.04 5.16 8.87 2.69 2.18 6.85 6.02 5.28 
(0.27) (0.38) (0.5) (0.48) (0.42) (0.51) (0.56) (0.85) (0.43) (0.62) (0.21) (0.97) 

C. sp. a As3+ 1.56 2.26 2.72 1.11 1.53 1.69 1.50 1.14 2.55 2.93 ·1.66 0.71 
(0.59) (0.63) (0.49) (0.35) (0.61) (0.51) (0.47) (0.47) (0.36) (0.12) (0.07) (0.09) 

As5+ 1.42 3.51 25.2 2.27 1.18 3.08 17.6 1.57 1.23 3.84 17.4 1.06 
(0.44) (0.75) (2.2) (0.52) (0.19) (0.26) (0.6) (0.38) (0.22) (0.58) (1.0) (0.20) 

Polypedilum As3+ 2.32 2.79 4.54 1.05 3.65 4.88 6.21 0.84 5.63 5.84 7.45 0.58 
pavidus (1.02) (0.58) (0.68) (0.20) (0.64) (0.42) (0.38) (0.29) (0.98) (0.23) (0.46) (0.24) 

As5+ 5.50 22.2 69.8 1.66 2.50 8.70 36.2 1.12 1.82 8.86 26.1 0.89 
(2.56) (2.7) (1.7) (0.55) (0.67) (0.96) (1.4) (0.44) (0.37) (0.98) (0.7) (0.19) 

Effect of season on sensitivity to arsenic 

From the third set of experiments with arsenic, clear differences were observed in 48 

hour LCso values for each species with differing seasons (Table 6.8). Polypedilum 

pavidus collected from the wild in summer, when the water temperature was higher 

( l 6°C), was significantly more sensitive than when collected in winter ( 11 °C), to both 

forms of arsenic at the test temperature of 18°C. The reverse of this relationship was 

observed with C. zealandicus, although the difference was not significant with As5+. No 

seasonal effect was observed for C. sp. a. 
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Table 6.6. 48, 72 and 96 hour LC50 values for As3+ in g/m3 to Chironomus zealandicus, 
Chironomus sp. a, and Polypedilum pavidus at 13°C, 18°C, and 23°C (each value is a 
mean of 9 replicates with standard errors in parentheses). 

Species Chironomus zealandicus Chironomus sp a Polypedilum pavidus 

Duration 48 hour 72 hour 96 hour 48 hour 72 hour 96 hour 48 hour 72 hour 96 hour 

Temperature 

13°c 42.9 32.9 27.9 64.6 44.6 33.7 142 72 42 
(1.5) (2.8) (1.7) (2.9) (3.0) (1.5) (10) (3) (4) 

18°C 58.6 34.5 29.2 54.8 25.1 20.4 146 125 76 
(3.3) (1.6) (0.9) (4.1) (1.1) (0.4) (10) (9) (2) 

23°c 40.9 33.4 26.2 27.1 21.7 16.0 90.6 46.6 24.8 
(2.1) (1.0) (1.1) (0.3) (0.5) (0.0) (4.3) (2.4) (1.0) 

Table 6.7. 48, 72 and 96 hour LC50 values for As5+ in g/m3 to Chironomus zealandicus, 
Chironomus sp. a, and Polypedilum pavidus at l 3°C, l 8°C, and 23°C ( each value is a 
mean of 9 replicates with standard errors in parentheses). 

Species Chironomus zealandicus Chironomus sp. a Polypedilum pavidus 

Duration 48 hour 72 hour 96 hour 48 hour 72 hour 96 hour 48 hour 72 hour 96 hour 

Temperature 

13°c 3619 2262 696 1654 811 358 1904 906 394 
(170) (223) (89) (177) (100) (28) (192) (119) (39) 

18°C 5104 2456 1971 2241 709 454 3982 2251 1235 
(450) (193) (265) (139) (59) (26) (299) (302) (172) 

23°c 3519 1498 692 1069 639 436 1509 790 728 
(457) (173) (102) (131) (63) (19) (148) (78) (73) 
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Table 6.8. 48 hour LCso values of As3+ and Ass+ in g/m3 to Chironomus zealandicus, 
Chironomus sp. a, and Polypedilum pavidus collected from sampling sites in two 
seasons (each value is a mean of 9 replicates with standard errors in parentheses). 

As3+ Ass+ 

November June November June 
1996 1997 1996 1997 

C. zealandicus 116.0 58.6 4191 3619 
(13.6) (3.3) (472) (171) 

C. sp. a 42.1 54.8 2925 2240 
(5.2) (4.1) (304) (139) 

P. pavidus 88.6 145.6 2336 3981 
(8.1) (10.0) (266) (299) 

6.3.2. Acute toxicity of copper 

The sensitivity of C. sp. a to Cu was almost twice that of C. zealandicus at 18°C at 48 

and 72 hours (Tables 6.9, 6.10). Sensitivities were not significantly different after 96 

hours. The toxicity of copper to C. zealandicus increased with temperature. Copper 

was approximately 139 and 81 times more toxic at 23°C than at l 3°C and l 8°C 

respectively at 48 hours to C. zealandicus (Table 6.10). 
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Table 6.9. 48 hour LC50 values of Cu2+ in g/m3 to Chironomus zealandicus and 
Chironomus sp. a at 18°C (each value is a mean of 9 replicates with standard errors in 
parentheses). 

Test species 

Duration Chironomus zealandicus Chironomus sp. a 

48 hour 96.3 45.6 
(16.6) (13.5) 

72 hour 30.3 17.0 
(12.7) (7.9) 

96 hour 3.10 3.30 
(1.17) (0.51) 

Table 6.10. LCso values of Cu2+ in g/m3 to fourth instar larvae of Chironomus 
zealandicus (each value is a mean of 9 replicates with standard errors in parentheses). 

Test temperature 

Duration 13°C 18°C 23°c 

48 hour 164 96.3 1.19 
(40) (16.6) (0.14) 

72 hour 84.3 30.3 0.63 
(20.8) (12.7) (0.09) 

96 hour 21.1 3.12 
(11.0) (1.17) 
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6.4. DISCUSSION 

6.4.1. Arsenic toxicity 

The trivalent form of inorganic arsenic was significantly more toxic to all three species 

investigated with C. sp a being the most sensitive overall. Howard et al. ( 1984) pointed 

out that the primary mode of toxicity of inorganic trivalent arsenic (As3+) is through 

reaction with sulfhydral groups of proteins and subsequent inhibition of enzymes such 

as xanthine oxydase, alpha-keto acid dehydrogenase, pyruvate oxydase and glycine 

reductase (Fowler, 1983). Inorganic pentavalent arsenic (Ass+) does not react as readily 

with sulfhydral groups, but may uncouple oxidative phosphorylation. Inorganic arsenite 

(As3+) interrupts oxidative metabolic pathways and sometimes causes morphological 

changes in liver mitochondria in vertebrates (Belton et al. 1985). Arsenate (Ass+) may 

compete for and substitute for phosphate in some glycolytic pathways because it is 

isoelectric and isosteric with phosphate. The main reason that arsenate is toxic is that it 

forms unstable arsenical esters which cause instant hydrolysis or arsenolysis. This 

action uncouples the enzyme system into which arsenate has been incorporated. 

One of the important factors that affects the sensitivity of a test animal to a toxicant is 

its age. Previous studies with C. tentans (Gauss et al. 1985) and C. riparius (Williams 

et al. 1985, 1986) showed that earlier larval instars were more sensitive than 4th instars 

to heavy metals. Fourth instars of C. tentans were 12 to 27 times more resistant to 

copper stress than were 1st instars (Gauss et al. 1985). Fourth instar larvae of C. 

riparius were 15.7 times more resistant at IO hours and 925 times more resistant at 24 

hours than 1st instar larvae to cadmium (Williams et al. 1986). Robinson and Scott 

(1995) observed that the acute toxicity of cyromazine, an insect growth regulator, to C. 

zealandicus was age dependent, and LCso values varied from I 00 - 400 g/m3 for 2nd 

and 3rd instars to I 000-10000 g/m3 for 4th instars. This relationship is supported by 

findings from the present study for all three species of New Zealand chironomids. 

Results of this study show that the laboratory cultured 4th instar larvae of C. 

zealandicus, C. sp a , and P. pavidus were 3.3, 2.6, and 4.4 times more resistant 

respectively to As3+ after 48 hours exposure than 1st instar larvae. Corresponding ratios 

for Ass+ were 10.4, 25.0, and 54.4 respectively. This relationship did not change 
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appreciably with increasing test duration. This clearly indicates the importance of using 

early instars if possible in toxicity tests since one of the aims of such bioassays is to use 

the most sensitive life stages available. Although 1st instar larvae of each species were 

always the most sensitive stage, they were somewhat difficult to use for routine testing 

due to their small size and the difficulty of easily establishing their mortality. In almost 

all cases the difference between the sensitivities of the 1st and 2nd instars was around 

two-fold or less, so the larger more visible 2nd instars would be more suitable as routine 

test subjects. 

There were differences in sensitivity between the wild-collected and laboratory-cultured 

populations of the test species. Wild collected 4th instars were slightly less sensitive to 

As5+ than the cultured animals for shorter test durations but became progressively more 

sensitive with time with the exception of C. zealandicus. This time dependent alteration 

in senstivity was also shown to As3+ and may reflect developing stress to laboratory 

conditions in the other two species. The most pronounced effect was shown by P. 

pavidus which seems to prefer lower temperature conditions and may have been stressed 

by acute acclimation to the laboratory test temperature. A high mortality rate of wild­

collected larvae of all three species occurred due to stress by handling and the marked 

change in physical conditions. Larvae for this experiment had been collected from sites 

not more than 48 hours before the test initiation. Environmental and handling stress 

might have had some effects on the sensitivity of larvae to arsenic. 

The differences in sensitivity between wild and cultured animals could also possibly be 

due to a variety of factors such as genetic variation or differences in the amount of 

haemoglobin that could affect toxicant sensitivity as outlined below. 

Although cultures of each species were originally established from the same sites from 

which wild animals were collected for these tests, the cultures were established 

approximately 30 months before the test date. There is a possibility that the genetic 

structure of the laboratory population could have changed during this period. 

Furthermore, initial high mortality in wild-collected larvae may select for animals with 

altered sensitivity. 
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An increasing number of investigations on a variety of organisms have revealed that 

population level responses to environmental stressors may be genetically dependent 

(Woods et al. 1989; Guttman 1994; Duan et al. 1997). In those studies, certain 

genotypes were found to be more resistant than others to environmental stressors. The 

conditions of the laboratory environment may cause unanticipated alterations in the 

population's genetic structure such as changes in allele frequency, loss of alleles, and 

diminished heterozygosity. These changes could result from founder events, genetic 

drift, nonrandom mating, and artificial selection (Woods et al. 1989; Duan et al. 1997). 

Such effects will occur more quickly in animals with short life cycles and the 30 month 

culture period covers approximately 30 generations. Woods et al. (1989) investigated 

genetic variability in C. tentans from seven scattered laboratories and a population 

sampled directly from the wild, and found populations differed significantly in 

heterozygosity, both among laboratory strains and between laboratories and the wild 

strain. 

Genetic differences among laboratory stocks, or between laboratory and natural 

populations, may be reflected in differential sensitivity to toxicant stress. Since 

different field populations will manifest somewhat different genetic profiles in response 

to local conditions, an exact match in toxicant sensitivity is unlikely and, even if 

possible, of limited utility. Woods et al. (1989) recommended that differing responses 

to toxicants under conditions of altered genetic integrity must be viewed as suspect until 

proven otherwise. 

However, the fact that this relationship between the sensitivity of wild and cultured 

animals is common to all three species implies that some causative agent other than 

random genetic drift may be responsible. As discussed earlier, arsenic is known to bind 

with proteins and thereby alter the metabolism of animals. Chironomid larvae are 

distinctly red due to high levels of the oxygen carrying pigment haemoglobin. If there is 

a variation in the amount of haemoglobin between wild-collected and laboratory­

cultured populations of each species, there may be a variation in available binding sites 

for arsenic. This could have been one reason for the lower sensitivity of wild 

populations to arsenic. 
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The characteristic red colour of the laboratory-cultured chironomid larvae was observed 

to be pale when compared with the wild-collected larvae in this study. This may be an 

indication of less haemoglobin in the laboratory-cultured animals. If this is true, it may 

be due to physiological adaptation to lower dissolved oxygen in lake sediments while 

regular aeration provides sufficient oxygen in the more open paper towel substrate of 

the laboratory culture tanks. Differences in the haemoglobin content of chironomid 

populations may either positively or negatively affect the toxicity of arsenic. When 

haemoglobin binds with bioavailable arsenic, it may act as a sink for arsenic and prevent 

it from binding with other essential enzymes or hormones. In this case, high 

haemoglobin content may reduce arsenic toxicity. However, this may adversely affect 

overall oxygen carrying capacity. The effect of arsenic on invertebrate haemoglobin 

oxygen binding therefore requires further study. There may also be variation in the 

amount of haemoglobin present in different larval instars that may affect the sensitivity 

of those instars to arsenic. 

The present study investigated neither genetic properties nor haemoglobin content of 

test organisms. Future work should study the genetics of laboratory and field 

populations of test species to determine whether genetic differences could be a reason 

for the varying sensitivity to the same chemical in the toxicity tests. Likewise, the 

relationship between haemoglobin content and sensitivity to arsenic could also be a 

valuable subject of further research. 

The declining LC50 values with increasing test duration may be due to progressive 

toxicant uptake or to starvation. Neither feeding nor water renewal was made over the 

96 hours of the experiment. Nutritional factors are generally not regulated and often 

overlooked, particularly in water only toxicity tests. However, diet is well known to 

alter the toxicity of many chemicals (Mehrle et al. 1977; Dixon and Hilton 1985). 

Feeding may increase or decrease a toxicant's effects. Feeding obviously increases the 

levels of chemical contaminant taken up and its metabolism (Jobling 1981 ), therefore 

toxicity may be increased. However, a decrease in copper toxicity to a copepod, Acartia 

tonsa, with feeding was recorded by Sosnowski et al. ( 1979). Thus the effect of feeding 

during toxicity tests is not always known and may modify the results significantly. 



117 

However, fasting is commonly recommended in short term toxicity tests (ASTM 1990) 

and it was decided not to feed test animals during the present experiment. 

Experimental conditions are also well known to alter the sensitivity of chironomids to 

heavy metals. Gauss et al. ( 1985) reported that the sensitivity of C. tentans decreased 

with increasing water hardness and other factors are known to affect the toxicity of 

arsenic. Studies with radioarsenic in mussels (Mytilus galloprovincialis) showed that 

accumulation varied with nominal arsenic concentration, tissue, age of the mussel, and 

temperature and salinity of the medium (Unlu and Fowler 1979). Ronald (1994) 

pointed out that although the response was not linear, arsenic uptake increased with 

increasing arsenic concentration in the medium, but the accumulation was suppressed at 

higher external arsenic concentrations. Smaller mussels took up more arsenic than 

larger ones. Uptake was higher at 1.95% salinity than at 3.8%, but the loss rate was 

about the same at both salinities (Ronald 1994 ). Williams et al. (1986) found that a 

flow-through system of water renewal was less stressful than the static renewal method. 

In the present study, the volume of the test solution in each test beaker was monitored 

regularly for evaporative loss and its level was topped up with soft synthetic water when 

required. However, no great loss of test solution was recorded from the beakers at 13 

and 18°C, and only a small proportion of the original test volume had to be replaced 

with soft synthetic water at 23°C. In addition, no significant change in water quality 

parameters was recorded during the tests. 

The temperature effect on metal toxicity appears contradictory (Wang 1987). Generally, 

temperature and toxicity are positively correlated for most chemicals (Mayer and 

Ellersieck 1986; Ronald 1994 ). It is apparent that the temperature-mediated metabolic 

rate has an important role in metal toxicity. Cairns et al. (1975) explained that the 

reason for this positive correlation was the exposure of test animals to a greater amount 

of toxicant as the temperature increases. These authors explained that increasing 

diffusion or active uptake because of increased temperature induces greater increases in 

rates of water and solute movement across gills or other cell membranes. It was 

observed that temperature was one of the physico-chemical parameters that considerably 

changed throughout the year at the sampling sites during this study (Chapter 2). Results 

of present tests carried out with As at different temperatures did not agree with this 
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general trend of increasing toxicity with temperature. All species examined in this study 

were more tolerant at 18°C than at either 13°C or 23°C. The effect of temperature was 

more pronounced for As5+ than As3+ to C. zealandicus and P. pavidus. 

The other factor that influenced the toxicity of arsenic in this study was seasonal 

variation. Seasonal cycle alone has been observed to cause variation in toxicity by 

several other workers. For example, Storch ( 1977) used a natural community of Lake 

Erie phytoplankton to determine the effects of Fe3+, and found that Fe3+ might either 

stimulate or inhibit algal photosynthesis depending on the concentration and the time of 

the year. In another study, Erickson (1972) found that Cu inhibition on the growth of 

Thallassiosira pseudonana in unenriched seawater samples varied with season and 

location of collection. The present study shows that C. zealandicus collected in 

November (1996), when the water temperature was 23°C, was more resistant than 

specimens collected in June (1997), when water temperature was only 14°C, particularly 

to As3+. Conversely, P. pavidus collected in November (1996), when the water 

temperature was 16°C, was less resistant than those collected in June (1997) while water 

temperature was only 12°C. Chironomus sp. a did not exhibit such a great difference in 

sensitivity to arsenic with season. The water temperatures at the site of collection of C. 

sp. a were 18°C and 14°C in November (1996) and June (1997) respectively. A possible 

explanation for the response observed is that the optimum temperature might be species 

specific. Chironomus zealandicus appears to live in waters with elevated temperatures 

and has been reported to live in waters with temperatures as high as 34°C (Stark 1989). 

Temperature is relatively lower at Hamurana (Chapter 2), where P. pavidus dominates 

the benthic fauna. Therefore, the reason for differential sensitivity of test species 

collected in different seasons might be that C. zealandicus and P. pavidus collected 

when environmental temperatures were lower or higher respectively may not be as 

healthy. Animals collected when the temperatures were unfavourable might therefore 

be more vulnerable to arsenic stress. However, temperature and seasonal effects on the 

test species' sensitivity to arsenic have to be studied in detail under more controlled 

conditions before any definitive conclusions can be drawn. 
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6.4.2. Copper toxicity 

Unlike arsenic, copper is one of the trace elements essential to the life of many plants 

and animals. The important function of copper is its participation in indispensable 

catalytic reactions (Kosalwatt and Knight 1987). This element is part of the active site 

of a number of enzymes (Sarkar 1981). In larger quantities, copper may be toxic and 

have deleterious effects. 

Certain plants and animals, or certain tissues or organs accumulate abnormally high 

levels of copper. Such accumulation can be attributed to high levels of copper in the 

substrate or medium, in which the organism lives, or to unusual metabolic activity or to 

both. Accumulation of extremely high levels may be accompanied by pathological 

symptoms (Wieser 1979). Copper has been recorded to be relatively more toxic than 

arsenic to chironomids. Khangarot and Ray ( 1989) reported that As3+ and Cu2+ 

concentrations required to immobilise 50% percent of C. tentans (ECso) at 48 hours 

were 0.68 and 0.327 g/m3 respectively at an average temperature of 14°C. In another 

study, Gauss et al. (1985) found that the 96 hour EC50 of Cu2+ to C. tentans in soft, 

medium, and hard water were 0.211, 1.238, and 1.484 g/m3 respectively at 21±1°C. 

Kosalwatt and Knight ( 1987) determined 48 and 72 hour LC50 values for Cu2+ to C. 

decorus in a water-only toxicity test, and substrate-spiked bioassay were 0.739 g/m3 and 

5830 g/m3 respectively at 20 ± 0.02°C. 

Compared with these values, LCso values for C. zealandicus and C. sp. a are 

comparable. The 72 hour LC50 value for C. decorus (0.739 g/m3 at 20°C) reported by 

Kosalwatt and Knight ( 1987) is similar to that for C. zealandicus (0.633 g/m3 at 23°C) 

in the present study. As for arsenic, Chironomus sp. a was more sensitive to copper 

than C. zealandicus. A positive relationship was observed between temperature and 

copper toxicity for C. zealandicus. This agrees with the results of several previous 

works (Cairns et al. 197 5; Mayer and Ellersieck 1986; Ronald 1994 ). It is important to 

note that most of the toxicity tests described above were carried out with laboratory­

cultured larvae whereas toxicity tests with copper in this study were carried out using 

wild-collected larvae. The results of acute tests with arsenic showed differences in 

sensitivity between wild and cultured larvae. 
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Summary 

Biological (age), chemical (valency state), and physical (season, temperature) factors 

affected the acute toxicity of arsenic and copper to the test chironomid species. 

Although two of the test species ( C. zealandicus and C sp. a) in this study are very 

closely related, they showed considerable differences in sensitivity to arsenic and 

copper. It was observed that C. zealandicus was the most tolerant of the three species 

tested to both forms of arsenic and to copper at 18°C. Earlier instars were more 

sensitive than the later instars of each species to arsenic. All species were more tolerant 

to arsenic at l 8°C than at higher or lower temperatures. However, the toxicity of copper 

to C. zealandicus increased with increasing temperature. There were also differences in 

sensitivity of the test species to arsenic with season although Chironomus sp. a showed 

relatively little variation in sensitivity with either temperature or season. 

The use of 4th instar larvae in acute toxicity tests is a practice that may seriously 

underestimate the sensitivity of these species since it is the least sensitive life stage. 

Therefore this practice cannot be recommended for tests that are to be used in 

generating data for water quality criteria and standards. If one were to test only 4th 

instar larvae it could be concluded that these three species were relatively insensitive to 

acute arsenic stress. This study illustrates the importance of examining how toxicity of 

a substance varies with other biotic and abiotic factors. Investigation of as many life 

stages as possible rather than just the most easily available stage is essential in order to 

set accurate water quality standards for the protection of the aquatic environment. 

Routine use of 2nd instar larvae is recommended due to their greater acute sensitivity 

and the option of prolonging test duration to study chronic effects (Chapter 7). 

Differences in sensitivity between cultured and wild animals indicate that the effect of 

factors such as haemoglobin and genetic variation on As toxicity in chironomid species 

may be a valuable subject for further research. 



Chronic sublethal toxicity of arsenic (As5+) to 

Chironomus zealandicus and Chironomus sp. a 

7.1. INTRODUCTION 

Chapter 7 

Sediments provide habitat and act as a source of contaminants for many benthic and 

epibenthic organisms which are critical components of aquatic ecosystems. Sediments 

also act as a sink for many chemical substances that enter the aquatic environment. 

They often contain complex mixtures of contaminants at concentrations that are orders 

of magnitude greater than in the overlying water. Contaminants may be transferred 

from benthic invertebrates to higher trophic levels through the food chain. However, 

much of the information regarding effects of contaminants in aquatic systems is based 

on aqueous exposure alone. 

An integrated sediment assessment evaluation using toxicity testing, measures of 

benthic community ·structure, and physicochemical characteristics is necessary for 

accurate evaluation of the degree of sediment contamination. Identification of cause­

and-effect relationships for specific chemical contaminants requires further evaluation 

through the use of spiked sediment toxicity tests (Lamberson and Swartz 1992) or 

Toxicity Identification Evaluation (TIE) procedures (Ankley and Thomas 1992). 

Toxicity tests on sediments spiked with known concentrations of contaminants can be 

used to establish cause-and-effect relationships between chemicals and responses, but 

the behaviour of contaminants in spiked sediments cannot necessarily be equated with 

that in field-contaminated sediments. 

The US Environmental Protection Agency has published standard methods for 

determining the toxicity and bioaccumulation of sediment-associated contaminants with 

freshwater invertebrates (USEPA 1994a, 1994b ). 
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Burton (1992) provided a comprehensive review of sediment toxicity test methods, their 

advantages and disadvantages, and considerations related to sampling and testing of 

sediments. The Assesment and Remediation of Contaminated Sediments (ARCS) 

Program (USEP A 1994a) evaluated 20 single-species and 5 community toxicity tests 

comprising a total of 55 endpoints. Species used in the tests included bacteria, algae, 

macrophytes, rotifers, cladocerans, chironomids, amphipods, mayflies, and fish. These 

species represent many of the major trophic groups in aquatic ecosystems. 

Two of the test organisms used most frequently to evaluate toxicity of freshwater 

sediments are the amphipod, Hyalella azteca, and the midge, Chironomus tentans 

(Burton 1991; Burton and Scott 1992; Ingersoll et al. 1993). Both species are 

considered sensitive to toxic substances and standardized methods for conducting 

toxicity tests using these two species have been developed by the American Society for 

Testing and Materials (ASTM 1993). In addition, Environment Canada has developed 

draft methods for conducting toxicity tests using the two species. Following an 

evaluation of sediment toxicity studies in several parts of the United States, Burton and 

Scott ( 1992) concluded that tests using H. azteca and C. tentans were among the most 

efficient in assessing toxicity of whole sediments. 

Although an adequate database exists for several promising test species that can be used 

in sediment toxicity testing, each species has its specific advantages and disadvantages 

as a test organism (USEPA 1994a). Sensitivity to a toxicant can be species-specific even 

within a family or subfamily and might vary with environmental testing conditions. It is 

widely accepted that as many test organisms as possible, and the most sensitive life 

stage of each organism (Williams et al. 1986), should be used in toxicity tests to 

properly estimate the toxicity of a compound and to make toxicity tests ecologically 

relevant. 

Laboratory sediment toxicity tests generally include the use of a control sediment 

sample. Control sediment is sediment that is essentially free of contamination and is 

used routinely to assess the acceptability of a test, although control sediment is not 

necessarily collected near the site of concern (USEPA-USACOE 1991). The control 

sediment may consist of formulated components, such as clay, sand, and organic matter 
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(USEPA 1994a). The control sediment provides a measure of test acceptability, 

evidence of test organism health, and is one basis for interpreting data obtained from the 

test sediments. 

The sediment toxicity test procedures range in complexity from short-term lethality tests 

that measure effects of individual contaminants on single species, to long-term tests that 

determine the effects of chemical mixtures on the structure and function of 

communities. The sediment phase tested may include whole sediment, suspended 

sediment, elutriates, or sediment extracts (Burton 1991; Lamberson et al. 1992). 

Toxicity tests of sediment interstitial water were developed for evaluating the potential 

in situ effects of contaminated sediment on aquatic organisms (Ankley et al. 1991 ). For 

many benthic invertebrates, the toxicity and bioaccumulation of sediment-associated 

contaminants such as metals and nonionic organic contaminants have been correlated 

with concentrations of these chemicals in interstitial water (Di Toro et al. 1991). 

Interstitial water may be an important route of exposure for many infauna} benthic 

invertebrates in contaminated sediments. However, interstitial water might not be the 

relevant route of exposure for evaluations of organisms that ingest sediment. 

Testing of the elutriate (water-extractable) fraction of the sediment is a commonly used 

technique. The elutriate test was developed for evaluating the potential short-term 

effects of open-water disposal of dredged material. Tests with elutriate samples measure 

the potential effects of the release of water-soluble constituents from sediment to the 

water column during the disposal of dredged material. The advantages of testing 

elutriates are similar to those for interstitial water because the test method is similar to 

water column testing and is easy to perform. Elutriate samples are generally less toxic 

than either whole-sediment or interstitial water samples (Ankley et al. 1991; Sasson­

Brickson and Burton 1991). 

Whole-sediment toxicity tests are the most appropriate for organisms that live directly in 

or on the sediments and ingest sediment particles (USEPA 1994a). Use of whole 

sediments for toxicity tests also requires less manipulation of the original sample and 

does not require preparation of special sample phases for testing. Whole-sediment 
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toxicity tests with field-collected sediments are of limited use for establishing cause­

and-effect relationships. However, spiking of clean sediments with individual 

chemicals can be useful for this purpose. 

Sediments are semi-solid media composed of minerals, organic material, interstitial 

water, and a myriad of physico-chemical and biological components. The ASTM 

Standard E 1391-90 (ASTM 1991) provides guidance on methods for collection, 

storage, and manipulation of sediments for toxicity testing. 

It is impossible to collect sediments in the field, transport them to the laboratory, store 

them, and then test for toxicity without some alteration to their original structure. Some 

methods of sample collection and testing are more disruptive than others. For example, 

the use of a sediment grab sampler (e.g., Ponar, Ekman, van Veen, Shipek, Peterson) is 

more disruptive than a sediment core sampler, and a standard core sampler is more 

disruptive than a box core sampler (USEP A 1994a). 

Most protocols for conducting whole sediment toxicity tests recommend that 

manipulation of field-collected sediments (sieving and mixing) be limited to maintain 

the chemical equilibria of any potential contaminants associated with these sediments. 

Manipulation or storage of whole-sediment samples can alter the bioavailability of 

contaminants in sediment; however, the alterations that occur may not substantially 

affect toxicity (Stemmer et al. 1990; Burton 1991 ). Sediments contaminated primarily 

with nonionic, semivolatile organic compounds may change little during storage at 4°C 

because of their relative resistance to biodegradation and sorption to solids. However, 

metals and metalloids may be affected by changing redox, oxidation, or microbial 

metabolism. Metal-contaminated sediments may need to be tested relatively soon after 

collection with as little manipulation as possible. 

It is recommended that the sediments be held in the dark at 4°C soon after collection 

from the field until their use in toxicity tests. Recommended sediment holding time 

ranges from less than 2 weeks to less than 8 weeks (ASTM 1993). If whole-sediment 

toxicity tests are started more than 2 weeks after collection, it is recommended that 

additional characterizations of the sediment also be conducted to evaluate possible 
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effects of storage on sediment. Freezing and long-term storage might further change 

sediment properties such as grain size or partitioning and should be avoided (Schuytema 

et al. 1989; ASTM 1990). Sediments should be stored with no air over the sealed 

samples (no head space) at 4°C before the start of a test (Shuba et al. 1978; ASTM 

1990). Sediments should be stored in containers constructed of suitable materials. 

Plastic containers are usually used for collection and short term storage of sediment and 

water samples. 

The bulk chemical concentrations alone cannot be used to evaluate bioavailability (Di 

Toro et al. 1991). Therefore, the characterization of sediment is important in evaluating 

its toxicity to test animals. Characterization includes measurement of factors such as 

sediment organic carbon, percent water, and grain size (e.g., percentages of sand, silt, 

and clay) that are known to control the availability of contaminants in sediment. 

Chapter 5 indicated that Chironomus zealandicus and Chironomus sp. a had differential 

preference for the sediments of study sites. Between sediments from Hamilton Lake and 

Lake Ngaroto, measured total As, Cu, and Cr were relatively higher in Hamilton Lake 

than in Lake Ngaroto. Survival and emergence of C. zealandicus were higher in 

Hamilton Lake sediment than in Lake Ngaroto sediment while those of C. sp. a were 

higher in Lake Ngaroto sediment than in Hamilton Lake sediment. This indicated that 

C. zealandicus might be more resistant to heavy metal toxicity than C. sp. a and the 

results of Chapter 6 supported this fact. A set of heavy metal spiked sediment bioassays 

was therefore conducted to further investigate the sensitivity of these two test species 

and the toxicity of the two site sediments. This chapter investigates the toxicity of 

sediment spiked with arsenic (As5+) to C. zealandicus and C. sp. a. 

The experiments described in subsequent sections of this chapter were designed to: 

1. compare the sensitivity of C. sp. a and C. zealandicus to arsenic (As5+) in a 10-day 

chronic exposure; 

2. study the potential of C. zealandicus as a test organism in sediment toxicity tests; 

3. study the sublethal effects of arsenic (As5+) on C. zealandicus; 

4. to compare the effect of substrates on the toxicity of arsenic (As5+) to C. zealandicus; 
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5. to investigate the laboratory test conditions such as renewal of overlying water, length 

of exposure to arsenic (Ass+) and endpoints of toxicity tests, on the toxicity of arsenic to 

C. zealandicus. 

7.2. MATERIALS AND METHODS 

Four sets of toxicity bioassays were carried out: 

1. Second instar larvae were exposed to sediment from Hamilton Lake or Lake Ngaroto 

that was spiked with different concentrations of arsenic (Ass+), and clean overlying 

water was renewed throughout the test. 

2. Bioassays were carried out as in the first set but under static test conditions and for 

two differing periods of test duration. 

3. First instar larvae were exposed to different concentrations of arsenic- (Ass+) 

solutions for the first 96 hours (four days) and then exposed to unspiked sediments 

from either Hamilton Lake or Lake Ngaroto. 

4. Second instar larvae were exposed to shredded paper towel substrate that was spiked 

with different concentrations of arsenic (Ass+). 

Endpoints being either one or more of survival, growth (by mean dry weight or total 

length of larva), developmental stage (larval instar stage, pupa, adult) and head capsule 

deformity (antenna, mentum, mandible, premandible, epipharyngeal pecten) were 

determined at the end of each bioassay. 

Collection of sediment samples and preparation of paper towel substrate were done as 

described in Chapters 2 and 3 respectively. 

Sediment and paper towel substrate samples were thoroughly mixed in the storage 

container before the beginning of each bioassay. Sub-samples of the whole sediment or 

paper towel were spiked with the required concentration of arsenic (Ass+) as detailed 

below. Overlying water was then gently poured along the side of the test chambers 

containing whole sediment to minimize resuspension of the sediment. Gentle aeration 
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was provided throughout each test (ASTM 1993). Conditions of toxicity tests carried 

out in this experiment are summarised in Table 7 .1. 

7.2.1. Ten-day spiked sediment flow-through test 

On the day before the start of a test (day -1), 300 mL sub-samples of whole sediment 

collected from Hamilton Lake and Lake Ngaroto were mixed with appropriate volumes 

of 1000 g/m3 arsenic (Ass+) stock solution to give final concentrations of 6.25, 12.5, 25, 

50 and 100 g/m3• Total volume of the arsenic-spiked whole sediment was made up to 

500 mL by adding soft synthetic water into 1000 mL glass beakers. Beakers containing 

whole sediment were thoroughly mixed for 24 hours on an orbital shaker. The 

overlying water was carefully drained after mixing (day 0) and 75 mL of the remaining 

sediment sample was placed into each 250 mL glass test beaker. Sediment in these 

beakers was overlain with freshly prepared clean soft synthetic water, and was renewed 

at a rate of three times per day. A water renewal system as described by Zumwalt et al. 

(1994) was used to deliver water to the test beakers. On the following day (day 1), ten 

2nd instar larvae of either C. zealandicus or C. sp. a that had hatched from a single egg 

mass were randomly collected using a Pasteur pipette and added to each test beaker. 

Each concentration was triplicated in a test and each test was replicated three times. The 

bioassay was ended on day 10. 

7.2.2. Fourteen and eighteen-day spiked sediment static test 

Two sets of toxicity tests were carried out in the second bioassay. One set of tests was 

carried out for 14 days while the other set was continued for 18 days in order to monitor 

the later developmental stages such as pupae and adults of the test animals. In a slight 

modification to the first set of bioassays, on day -1, 75 mL of whole sediment samples 

from Hamilton Lake or Lake Ngaroto were mixed with required volumes of 1000 g/m3 

arsenic stock solution to achieve concentrations of 6.25, 12.5, 25, 50 and 100 g/m3 of 

arsenic (Ass+). They were then made up to a final volume of 200 mL in the 250 mL test 

beakers by adding soft synthetic water. Beakers were shaken for 24 hours on an orbital 

shaker. Test beakers with spiked sediment were allowed to stand for another 24 hours 

and gentle aeration was started. On the following day (day 1), ten 2nd instar larvae of C. 
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zealandicus that had hatched from a single egg mass were randomly collected using a 

Pasteur pipette and added to each test beaker. In this bioassay, overlying water was not 

renewed and evaporated water was replaced with soft synthetic water as required. Each 

concentration was triplicated in a test and each test was replicated three times. Bioassays 

were terminated on day 14 or 18. 

Table 7 .1. Summary of conditions of chronic toxicity tests carried out in this 

experiment. 

Test Duration Species Substrate Replicates Animals per Endpoints 
replicate 

Flow-through spiked IO day C. zealandicus Ngaroto 9 IO Survival, Growth 
sediment and C. sp. a Hamilton (mean.dry weight) 

Static spiked sediment 14 day C. zealandicus Ngaroto 9 IO Survival, 
Hamilton Development, 

Growth (length), 
Head capsule 

deformity 

Static spiked sediment 18 day C. zealandicus Ngaroto 9 IO Survival, 
Hamilton Development, 

Growth (length), 
Head capsule 

deformity 

Pre-exposed animal 14 day C. zealandicus Ngaroto 9 IO Survival, 
static unspiked Hamilton Development, 

sediment Growth (length), 
Head capsule 

deformity 

Static spiked paper 18 day C. zealandicus Ngaroto 3 50 Survival, 
towel Hamilton Development, 

Growth (length), 
Head capsule 

deformity 

Static-renewal spiked 18 day C. zealandicus Ngaroto 3 50 Survival, 
paper towel Hamilton Development, 

Growth (length), 
Head capsule 

deformit 
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7.2.3. Fourteen-day pre-exposed unspiked sediment static tests 

Approximately two hundred 1st instar larvae of C. zealandicus that had hatched from a 

single egg mass were exposed to each of a series of 30, 60, 90, 120 and 150 g/m3 arsenic 

solutions and a soft synthetic water control for 96 hours (4 days), from day -3 in this 

experiment. Aeration and food were provided during exposure and all other conditions 

were as in the acute toxicity tests (Chapter 6). Ten larvae were randomly selected from 

each of the above concentrations after 96 hours (day 1) and placed into 250 mL test 

beakers that contained 75 mL of unspiked sediment from either Hamilton Lake or Lake 

Ngaroto with overlying soft synthetic water. Overlying water was not renewed in this 

bioassay and was replaced with soft synthetic water as needed. Each concentration was 

triplicated in a test and each test was replicated three times. Tests were ended on day 

14. 

7 .2.4. Eighteen day arsenic (As5+) spiked paper towel static and static-renewal test 

Samples of 100 mL shredded paper towel substrate were spiked with the required 

volume of 1000 g/m3 arsenic (As5+) stock solution necessary to give final concentrations 

of 2, 4, 8, 16 and 32 g/m3 in 1000 mL beakers on the day before the start of the test ( day 

-1 ). The final volume was made up to 500 mL by adding soft synthetic water. This 

mixture of paper towel and arsenic (As5+) solution was shaken on an orbital shaker for 

24 hours. Test beakers with spiked paper towel substrate were allowed to stand for 

another 24 hours with gentle aeration. Fifty 2nd instar larvae of C. zealandicus that 

hatched from a single egg mass were randomly collected using a Pasteur pipette and 

added to each test beaker on the following day (day 1). 

Two different bioassays were performed with arsenic-spiked shredded paper towel 

substrate. Overlying water was renewed using freshly prepared arsenic (As5+) solution of 

the appropriate concentration on every other day in one bioassay. Overlying water was 

not renewed in the second bioassay. Each concentration was triplicated in every test, 

and the bioassay was terminated on day 18. 
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7.2.5. Food and Feeding 

Test animals were fed with finely ground TetraMin fish flakes. Different doses of 

feeding were used in different bioassays. Feeding rates were determined through 

preliminary laboratory culture practices according to the number and age of test animals 

and the size of each test chamber. 

Six mg Tetramin fish flake were added to each test chamber that contained lake 

sediment substrates on day O and continued at a rate of 6 mg/beaker daily. Fifty mg 

Tetramin were added to each beaker that contained shredded paper towel substrate and 

feeding was continued at 50 mg/beaker daily. In the pre-exposure bioassay, feeding was 

maintained at 4 mg/beaker during the period of pre-exposure to arsenic (As5+) solutions 

of different concentrations and continued at 6 mg/beaker after the test animals were 

transferred to unspiked sediment substrates. Feeding was stopped on the day before the 

end of each test. 

7 .2.6. Physico-chemical parameters 

Sediment subsamples were analyzed for moisture content, total orgamc matter and 

heavy metals as described in chapter 2. 

Concentrations of As, Cu and Cr were measured in interstitial (pore) water of randomly 

selected sediment samples of each concentration at the beginning and end of each test. 

Pore water was collected by centrifuging sediment samples at 6000 rpm for 15 minutes 

at 4°C. Pore water samples were acidified to pH 2 as soon as collected. Either FAAS, 

with or without a hydride generator or GFAAS was used to measure metals in pore 

water. 

The pH, hardness, dissolved oxygen, and conductivity were measured at the beginning 

and end of each bioassay as described in chapter 2. Toxicity tests were conducted at 

23°C. The dark-light cycle was maintained at 8: 16 (D:L) throughout bioassays using 60 

watt tungsten filament electric bulbs. 
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Test animals hatched from a single egg mass were used in each bioassay in order to keep 

the biological variability of larvae constant between replicates in a bioassay. When 

larvae hatched from a single egg mass were not sufficient for all replicates, larvae of the 

same age but from another egg mass were used and randomly allotted to test beakers. 

Test animals were handled as little as possible and were introduced into the overlying 

water below the air-water interface by Pasteur pipette. At the end of an exposure, test 

organisms were removed from the chambers by wet-sieving the sediment through a 250-

µm sieve. 

7 .2. 7. Endpoints 

In the spiked sediment toxicity tests with flow-through conditions, survival and larval 

growth (mean dry weight) were determined at the end of the experiment. Recovered 

larvae from each test beaker were pooled, placed in pre-weighed plastic vials and dried 

in the oven at 60°C to a constant weight in order to obtain mean dry weight. In other 

bioassays, survival, developmental stage, larval growth and the head capsule deformity 

of 4th instar larvae were recorded for each concentration at the end of the experiment. 

Number of larval instars, pupae and adults were counted for each concentration of a test 

to determine the average developmental stage. Head capsules of 4th instar larvae were 

prepared on slides as described in Chapter 4. Mentum, mandible, premandible, 

epipharyngeal pecten and antenna were examined for deformity. 

Test beakers were monitored twice every day, particularly at dawn and dusk, in order to 

estimate the number of adults emerged. For the measurement of the length of larvae, 

instars were straightened on a glass slide and the length was determined by measuring 

the distance from the anterior of the labrum to the posterior of the last abdominal 

segment. Measurements were made by using an eyepiece that was calibrated with a slide 

micrometer in a stereo microscope (ASTM 1995). 
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7 .2.8. Data analyses 

The kind of statistical test to be used is usually determined by the study objectives. If the 

objective is to compare the toxicity results between test sites within an area of concern 

or between each test site and a reference area, analysis of variance (ANOV A) may be 

used to conduct the evaluation (USEPA 1994a). If the objective is to evaluate whether a 

gradient of toxicity exists with distance from a potential problem area, a correlation 

analysis or multivariate analysis approach may be used. Details of potential statistical 

approaches have been discussed by Green ( 1979), Gilbert ( 1987) and USEP A ( 1994a, 

1994b ). Survival, growth, and development were analysed by ANOV A and mouthpart 

deformity was analysed by chi-squared test in this experiment. 

7.3. RESULTS 

Physico-chemical parameters measured in bioassays are given in Table A.4 (Appendix), 

and concentrations of copper (Cu), chromium (Cr), and arsenic (As) of the pore water 

extracted from the whole sediment subsample at the beginning and end of each bioassay 

are given in Table 7.2. Total organic matter and moisture content of the whole 

sediments used in the four bioassays are given in Table 7.3. 

The protocol used to spike sediment successfully raised initial arsenic concentrations in 

both sediment types (Figs 7 .1, 7 .2, Table 7 .2). Initial arsenic concentrations in Lake 

Ngaroto sediment pore water are higher than corresponding samples from Hamilton 

Lake sediment but are lower by the end of both the static and flow-through bioassays 

indicating greater absorption to the Ngaroto sediment. 
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Fig 7 .1. Nominal concentrations and pore water concentrations of arsenic (As5+) at the 
beginning and end of spiked Hamilton Lake sediment chronic toxicity tests. Total pore 
water arsenic was determined from a randomly selected sediment replicate at each 
concentration. 
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Nominal arsenic concentration (g/m3) 

Fig 7.2. Nominal concentrations and pore water concentrations of arsenic at the 
beginning and end of spiked Lake Ngaroto sediment chronic toxicity tests. Total pore 
water arsenic was determined from a randomly selected sediment replicate at each 
concentration. 
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Table 7 .2. Pore water concentration of As, Cu, Cr and Mn in mg/kg at the beginning 
and end of bioassays. 

Nominal As Initial As Final As Initial Cu Final Cu Initial Cr Final Cr 

- Ngaroto sediment 
10 day flow through test 

0 0.02 0.05 3.52 1.68 28.32 0.68 

6.25 2.17 3.38 2.55 28.32 0.75 

12.50 2.00 0 4.30 2.95 30.32 0.68 

25.00 12.00 0.10 5.61 3.28 28.66 0.02 

50.00 22.99 0.83 5.56 4.25 31.99 0.70 

100.00 31.65 0.52 5.53 2.88 27.49 0.13 

14 day static test 

0 0.23 0.07 5.18 4.75 16.33 0.13 

6.25 3.50 0.03 4.91 3.52 16.83 0.03 

12.50 4.83 0.16 6.36 5.85 15.19 0.15 

25.00 25.32 0.12 6.80 4.13 8.80 0.18 

50.00 48.15 0.25 6.43 4.98 14.33 0.10 

100.00 63.31 5.83 6.10 4.46 13.66 0.15 

18 day static test 
0 0.07 2.20 0.23 

6.25 0 2.30 0.15 

12.50 0.01 2.42 1.00 

25.00 0.11 2.55 0 

50.00 0.12 2.70 0.02 

100.00 0.53 2.72 0.18 

- Hamilton sediment 
IO day flow-through test 

0 0.23 10.60 6.32 14.75 0.36 

6.25 0.83 0.29 11.18 4.34 14.00 0.24 

12.50 6.50 0.22 10.15 6.00 21.50 0.45 

25.00 7.75 1.86 8.98 6.25 11.25 0.10 

50.00 33.00 3.70 12.25 5.30 13.50 0.07 

100.00 26.00 8.02 10.65 4.65 13.00 0.15 

14 day static test 
0 0.20 0.02 7.84 3.67 12.20 0.43 

6.25 5.00 0.83 7.70 5.85 11.80 4.33 

12.50 8.20 2.00 7.26 10.33 19.60 15.5 

25.00 9.20 3.33 8.18 5.93 13.80 11.33 

50.00 18.40 4.40 7.62 9.10 9.80 5.80 

100.00 39.20 9.00 7.82 7.60 9.20 6.00 

18 day static test 
0 0 4.50 0.36 

6.25 0.04 6.32 0.26 

12.50 0.05 7.52 0.12 

25.00 0.14 7.94 0.08 

50.00 0.69 5.36 0.08 

100.00 8.40 7.22 0.06 
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Table 7.3. Percentages of total organic matter and moisture content of whole sediment 
substrates used in experiments. Each value is a mean of three replicates with SE in 
parentheses. 

Flow-through Static, 14 day Static, 18 day Pre-exposed 
test test test test 

Sediment 
Organic 
matter(%) 

Hamilton Mean 10.9 11.6 9.6 12.0 
SE (0.3) (0.1) (0. 8) (0.7) 

Ngaroto Mean 13.9 15.0 14.9 14.3 
SE (0.5) (0.5) (0.4) (0.6) 

Moisture 
content(%) 

Hamilton Mean 36.3 30.6 39.8 36.0 
SE (1.8) (7.0) (4.3) (2. 9) 

Ngaroto Mean 52.8 48.0 47.3 46.0 
SE (8.7) (4.0) (7.9) (2.8) 

7.3.1. Ten day spiked sediment flow-through test with C. zealandicus and C. sp. a 

Results of ten day spiked sediment flow-through tests are given in Tables 7.4 and 7.5. 

Nominal arsenic concentration significantly affected survival of C. zealandicus, and 

survival and growth of C. sp. a on both sediments (P<0.05). Survival of C. sp. a was 

also adversely affected by Hamilton Lake sediment (P<0.001) but sediment type had no 

effect on survival or growth for C. zealandicus. Interaction between sediment type and 

concentration was not significant for survival of either species but was found to have a 

significant effect on the growth of C. zealandicus (P<0.05). 
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Table 7.4. Percent survival and growth (mean dry weight in mg) of Chironomus 
zealandicus and Chironomus sp. a on Hamilton Lake and Lake Ngaroto sediment at the 
end of the 10 day bioassay. Each value is a mean of 9 replicates with SE in parentheses. 

Nominal Concentration 0 6.25 12.5 25 50 100 
of arsenic in glm3 

C. zealandicus 

Hamilton sediment Survival (%) 86.6 94.4 92.2 82.2 80 74.4 
(8.0) (2.4) (3.2) (4.6) (4.1) (5.6) 

Mean dry weight (mg) 0.78 0.76 0.52 0.68 0.64 0.44 
(0.03) (0.04) (0.04) (0.05) (0.20) (0.03) 

Ngaroto sediment Survival(%) 92.2 84.4 93.3 86.6 82.2 83.3 
(2.8) (3.8) (3.3) (3.0) (4.6) (3.7) 

Mean dry weight (mg) 0.69 0.53 0.68 0.63 0.5 0.6 
(0.04) (0.04) (0.03) (0.03) (0.08) (0.01) 

C. sp. a 

Hamilton sediment Survival (%) 91.1 75.6 70.0 63.3 60.0 64.4 
(3.1) (6.5) (8.0) (6.0) (7.2) (6.9) 

Mean dry weight (mg) 1.32 1.12 1.81 1.34 0.67 0.66 
(0.09) (0.07) (0.91) (0.07) (0.08) (0.08) 

Ngaroto sediment Survival (%) 95.6 80.0 74.4 85.6 85.6 83.3 
(2.4) (5.0) (10.1) (4.7) (4.7) (4.1) 

Mean dry weight (mg) 2.16 1.20 1.23 1.15 1.38 1.20 
(0.28) (0.05) (0.16) (0.05) (0.07) (0.13) 
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Table 7.5. Statistical comparisons of survival and growth of Chironomus zealandicus 
and Chironomus sp. a between sediment types and sediment arsenic concentrations in 
10 day tests. Means of 9 replicates were compared using 2 way ANOV A. NS-Not 
significant (P>0.05) 

Dependent variable 

Factors: Sediment type and Concentration 

Chironomus zealandicus P(Sediment type) 
P(Concentration) 
P(interaction) 

Chironomus sp. a P(Sediment type) 
P(Concentration) 
P(interaction) 

Factors: Test species and Concentration 

Hamilton Lake sediment P(Species) 
P(Concentration) 
P(interaction) 

Lake N garoto sediment P(Species) 
P(Concentration) 
P(interaction) 

P values 

Survival 

NS 
0.015 

NS 

<0.001 
0.011 

NS 

<0.001 
<0.004 

NS 

NS 
NS 
NS 

Mean dry 
weight 

NS 
NS 

0.042 

NS 
0.045 

NS 

<0.01 
NS 
NS 

<0.001 
<0.001 
<0.001 
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7.3.2. Fourteen and eighteen day spiked sediment static test with C. zealandicus 

Under 14 or 18 day static test conditions, both survival and development of C. 

zealandicus showed significant effects related to sediment type and the nominal 

concentration of arsenic. Reduced survival was observed in Hamilton Lake sediment; 

the effect of arsenic concentration was more significant than that of either sediment type 

or test duration (Tables 7.6, 7.7). Test duration had no effect on survival in either of the 

sediments but development showed significant effects with test duration due to growth. 

The interaction between test duration and sediment arsenic concentration had a 

significant effect on the numbers of adults, pupae, and 4th instar larvae recovered from 

Hamilton Lake sediment, but not from Lake Ngaroto sediment. 

The body length frequency distribution for larvae recovered at the end of experiments is 

shown in Table 7.8. Growth of larvae is considerably retarded when sediments are 

spiked with high concentrations of arsenic. This effect is greater in Hamilton Lake 

sediment and may relate to the fact that larvae grew faster on this substrate. 

The incidence of head capsule deformity in 4th instar larvae recovered at the end of the 

static bioassays is presented in Tables 7 .9 and 7 .10. Total deformities showed a 

significant effect of arsenic concentration after 18 days in both sediments. The greater 

incidence of deformity in larvae raised on Hamilton Lake sediment at high 

concentrations of arsenic is mostly due to abnormalities in the antennae and the 

mentum, although the effect of sediment type was not significant overall. A significant 

relationship was observed between test duration and head capsule deformity for some 

combinations of arsenic concentration and sediment type. 
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Table 7.6. Percentage of survival and each developmental stage of Chironomus 
zealandicus recovered at the end of 14 and 18 day static bioassay on arsenic-spiked 
Hamilton Lake and Lake Ngaroto sediment substrates. Each value is a mean of 9 
replicates with SE in parentheses. 

Nominal concentration of arsenic in g/m3 0 6.25 12.5 25 50 100 

14 day bioassay 
Hamilton sediment 
Survival(%) 98.9 95.6 97.8 86.7 67.8 50.0 

(I.I) (2.9) (1.5) (4.4) (5.2) (3.7) 

Recovered as younger instars (%) 8.9 17.8 14.4 24.4 33.3 40.0 
(3.5) (3.2) (1.8) (3.4) (7.3) (5.0) 

Recovered as 4th instars (%) 55.6 55.6 44.4 51.1 32.2 10.0 
(2.4) (4.1) (4.1) (4.2) (9.7) (3.3) 

Recovered as pupae(%) 22.2 16.7 35.6 10.0 2.2 0.0 
(2.8) (3.7) (4.7) (2.4) (1.5) 

Recovered as adults(%) 12.2 5.6 3.3 3.3 0.0 0.0 
(1.5) (1.8) (1.7) (1.7) 

N garoto sediment 
survival(%) 98.9 93.3 92.2 87.8 93.3 75.6 

(I.I) (3.3) (3.2) (4.9) (2.9) (6.0) 

Recovered as younger instars (%) 10.0 14.4 23.3 17.8 23.3 14.4 
(3.7) (3.4) (5.0) (3.6) (5.3) (2.9) 

Recovered as 4th instars (%) 53.3 57.8 50.0 63.3 67.8 61.1 
(3.3) (3.2) (4.4) (5.0) (8.1) (6.5) 

Recovered as pupae(%) 23.3 15.6 14.4 6.7 2.2 0.0 

(2.4) (3.4) (3.4) (2.4) (1.5) 

Recovered as adults (%) 12.2 6.7 4.4 0.0 0.0 0.0 
(2.2) (1.7) (1.8) 

18 day bioassay 
Hamilton sediment 
Survival(%) 97.5 92.5 97.5 72.5 65.0 53.8 

(1.5) (4.6) (1.5) (4.6) (4.7) (4.0) 

Recovered as younger instars (%) 0.0 0.0 0.0 3.8 33.8 23.8 
(1.7) (7.8) (7.8) 

Recovered as 4th instar (%) 8.8 58.8 46.3 24.5 27.5 26.3 

(4.5) (4.2) (4.0) (7.3) (10.0) (6.7) 

Recovered as pupa(%) 53.8 21.3 33.8 26.3 3.8 3.8 
(2.5) (4.2) (3.5) (1.7) (1.7) (1.7) 

Recovered as adults(%) 33.8 13.8 17.5 15.0 0.0 0.0 
(2.5) (2.5) (4.6) (3.1) 

N garoto sediment 
Survival(%) JOO 95.0 91.3 75.0 92.5 81.3 

(0) (4.4) (3.3) (4.4) (3.Q) (7.9) 

Recovered as younger instars (%) 0.0 0.0 1.3 2.5 15.0 3.8 
(1.2) (1.5) (6.4) (1.7) 

Recovered as 4th instars (%) 45.0 63.1 55.0 63.8 75.0 73.8 
(4.4) (4.2) (5.6) (6.4) (8.5) (9.4) 

Recovered as pupae (%) 37.5 25.0 30.0 8.8 2.5 3.8 
(2.4) (6.9) (7.6) (2.8) ( 1.5) (1.7) 

Recovered as adults(%) 17.5 8.8 5.0 0.0 0.0 0.0 
(2.4) (2.1) (1.8) 
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Table 7.7. Statistical comparisons of survival and development of Chironomus 
zealandicus between sediment type and test duration and sediment arsenic 
concentrations in 14 and 18 day bioassays. Means of 9 replicates were compared using 
2 way ANOV A. NS-Not significant (P>0.05) 

P values 

Dependent variable Survival Adults Pupa Fourth Younger 
emerged recovered instar instar 

recovered recovered 

Factors: Sediment type and Concentration 

14 day Static test 

P(sediment) 0.001 NS 0.011 <0.001 0.017 

P(concentration) <0.001 <0.001 <0.001 0.001 <0.001 

P(interaction) <0.001 NS <0.001 <0.001 <0.001 

18 day test 

P(sediment) 0.011 <0.001 0.001 <0.001 <0.001 

P(concentration) <0.001 <0.001 <0.001 0.001 <0.001 

P(interaction) 0.009 0.003 0.035 0.020 <0.001 

Factors: Test duration and Concentration 

Hamilton Lake sediment substrate 

P(test duration) NS <0.001 <0.001 0.012 <0.001 

P( concentration) <0.001 <0.001 <0.001 <0.001 <0.001 

P(interaction) NS <0.001 <0.001 <0.001 NS 

Lake Ngaroto sediment substrate 

P(test duration) NS 0.049 0.001 NS <0.001 

P( concentration) <0.001 <0.001 <0.001 0.011 0.025 

P(interaction) NS NS NS NS NS 
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Table 7 .8. Length frequency distribution of Chironomus zealandicus larvae recovered 
from the sediment substrates at the end of 14 and 18 day static bioassays. Median size 
class at each concentration is indicated by bold face type within a box. (Larvae 
recovered from 9 replicates of each concentration were pooled for the length 
measurement) 

Nominal 
Concentration 0 6.25 12.5 25 50 100 0 6.25 12.5 25 50 100 
of As (g/m3) 

Static 14day test 
Hamilton sediment Ngaroto sediment 

Size Class 
(mm) 
3.6-4.5 1 2 8 11 11 1 3 8 7 6 6 

4.6-5.5 3 8 8 IO dd2P 4 7 7 6 13 6 

5.6-6.5 4 7 3 4 4 3 6 3 2 1 7 

6.6-7.5 0 2 2 2 1 3 0 1 2 2 6 1 
7.6-8.5 2 4 1 5 6 1 1 3 5 5 3 

8.6-9.5 4 8 
2 FP 2 2 6 4 3 6 8 

9.6-10.5 4 6 12 ~ 3 2 4 3 8 7 13 
10.6-11.5 IO 7 13 14 6 6 1 7 12 7 15 

11.6-12.5 [TI 8 5 6 5 1 3 5 IO 12 12 15 

12.6-13.5 9 7 3 6 6 0 8 9 9 15 0 

13.6-14.5 6 4 2 0 0 0 15 7 4 3 0 
14.6-15.5 6 4 0 0 0 0 9 2 2 0 0 
15.6-16.5 0 0 0 0 0 0 0 0 0 0 0 

Total 58 66 53 68 59 45 57 65 66 73 82 68 

Static 18 day test 

Hamilton sediment Ngaroto sediment 

Size class (mm) 
4.6-5.5 0 0 0 0 6 6 0 0 0 0 5 3 
5.6-6.5 0 0 0 0 8 12 0 0 0 0 6 6 

6.6-7.5 0 0 0 0 8 m 0 0 0 0 6 7 

7.6-8.5 0 0 0 0 6 4 0 0 0 3 

~ 8.6-9.5 0 0 0 4 DD 8 0 0 2 6 

9.6-10.5 0 0 0 6 2 0 3 3 6 10 IO 

10.6-11.5 0 15 11 7 2 0 3 3 18 8 10 

11.6-12.5 0 9 3 2 2 3 IO 22 12 8 5 

12.6-13.5 0 13 3 3 1 13 15 15 15 4 1 

13.6-14.5 3 12 6 0 0 0 15 6 2 3 0 

14.6-15.5 m 8 0 0 0 15 IO 1 0 0 
15.6-16.5 0 0 0 0 0 0 3 0 0 0 0 0 

Total 11 50 40 30 58 45 41 56 51 59 68 68 
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Table 7.9. Head capsule deformity (percentage) observed from the fourth instar larvae 
of Chironomus zealandicus that were recovered at the end of 14 and 18 day static 
bioassays on Hamilton Lake and Lake Ngaroto sediment. 

Nominal concentration of arsenic in g/m3 0 6.25 12.5 25 50 100 

14 day static test 
Hamilton Lake sediment 
Number of fourth instars recovered 50 50 40 46 29 9 
Deformed head capsules(%) 12.0 14.0 25.0 30.0 34.5 33.3 
Single structure deformed(%) 6.0 10.0 20.0 23.9 20.7 11.1 
Multiple structure deformed(%) 6.0 4.0 5.0 6.5 13.8 22.2 
Antenna deformed(%) 4.0 4.0 7.5 4.3 6.9 22.2 
Mentum deformed(%) 8.0 8.0 10.0 15.2 20.7 33.3 
Mandible deformed(%) 2.0 0.0 2.5 2.2 3.4 11.1 
Premandible deformed(%) 2.0 6.0 7.5 6.5 10.3 11.1 
Epipharyngeal pecten deformed(%) 2.0 2.0 5.0 8.7 10.3 11.1 

Lake N garoto sediment 
Number of fourth instars recovered 48 52 45 57 61 55 
Deformed head capsules(%) 8.3 30.8 35.6 29.8 21.3 27.3 

Single structure deformed(%) 8.3 19.2 22.2 21.1 16.4 23.7 

Multiple structure deformed(%) 0.0 11.5 13.3 8.8 4.9 3.6 

Antenna deformed(%) 4.2 11.5 11.5 8.8 4.9 9.1 

Mentum deformed(%) 4.2 13.5 17.8 10.5 8.2 9.1 

Mandible deformed(%) 0.0 1.9 0.0 1.7 1.6 1.8 

Premandible deformed(%) 0.0 11.5 8.9 8.8 6.6 3.6 

Epipharyngeal pecten deformed(%) 0.0 7.7 11.1 8.8 6.6 5.5 

18 day static test 
Hamilton Lake sediment 
Number of fourth instars recovered 11 50 40 27 28 23 

Deformed head capsules(%) 18.2 30.0 55.0 63.0 42.9 65.2 

Single structure deformed(%) 9.1 18.0 40.0 22.2 17.9 30.4 

Multiple structure deformed(%) 9.1 12.0 15.0 40.7 25.0 34.8 

Antenna deformed(%) 0.0 3.0 12.5 18.5 10.7 21.7 

Mentum deformed(%) 9.1 12.0 27.5 40.7 21.4 30.4 

Mandible deformed(%) 0.0 2.0 2.5 7.4 0.0 8.7 

Premandible deformed(%) 9.1 10.0 15.0 22.2 28.6 26.1 

Epipharyngeal pecten deformed(%) 9.1 16.0 22.5 25.9 21.4 39.1 

Lake Ngaroto sediment 
Number of fourth instars recovered 41 56 50 56 63 67 

Deformed head capsules(%) 12.1 41.0 42.0 39.2 42.8 47.7 

Single structure deformed(%) 2.4 32.1 24.0 28.5 37.5 35.8 

Multiple structure deformed(%) 9.7 8.9 18.0 10.7 9.5 11.9 

Antenna deformed(%) 7.3 10.7 10.0 14.2 9.5 13.4 

Mentum deformed(%) 4.8 14.2 18.0 12.5 14.2 16.4 

Mandible deformed(%) 0.0 1.7 4.0 1.7 3.2 5.97 

Premandible deformed(%) 2.4 8.9 16.0 16.0 14.2 13.4 

Epipharyngeal pecten deformed(%) 4.8 16.0 16.0 12.5 12.6 14.9 
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Table 7.10. Statistical comparisons of head capsule deformity reported for the fourth 
larval instars of Chironomus zealandicus between test concentrations, sediment types 
and test durations in 14 and 18 day static bioassays. The deformities were compared 
with expected values in a Chi-squared test. NS-Not significant (P>0.05). 

P value 

Total number Single Multiple 
of deformed structure structure 

head caQsules deformed deformed 
Factor 

Concentration Hamilton Lake 
sediment 

14 day static NS NS NS 
test 

18 day static 0.006 NS 0.042 
test 

Lake Ngaroto 
sediment 

14 day static 0.037 NS NS 
test 

18 day static 0.009 0.004 NS 
test 

Sediment type 14 day static 
test 

Control NS NS NS 
6.25g/m3 NS NS NS 

12.5 g/m3 NS NS NS 

25 g/m3 NS NS NS 

50 g/m3 NS NS NS 

100 g/m3 NS NS NS 

18 day static 
test Control NS NS NS 

6.25 g/m3 NS NS NS 

12.5 g/m3 NS NS NS 

25 g/m3 NS NS 0.004 

50 g/m3 NS NS NS 

100 g/m3 NS NS 0.031 

Test duration 

Hamilton Lake 
sediment Control NS NS NS 

6.25 g/m3 0.012 NS NS 

12.5 g/m3 0.014 NS 0.001 

25 g/m3 NS NS NS 

50 g/m3 NS NS NS 

100 g/m3 NS NS NS 

Lake Ngaroto 
sediment Control NS NS NS 

6.25 g/m3 NS NS NS 

12.5 g/m3 NS NS NS 

25 g/m3 NS NS NS 

50 g/m3 0.010 NS NS 

100 g/m3 0.033 NS NS 
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7.3.3. Fourteen day pre-exposed unspiked sediment static tests 

Both survival and development of C. zealandicus larvae previously exposed to arsenic 

were significantly affected by the sediment type on which they were grown and the pre­

exposed arsenic concentration (Tables 7 .11, 7 .12, 7 .13 ). Mortality of pre-exposed 

larvae was higher on clean sediment from Hamilton Lake than from Lake Ngaroto. The 

concentration of arsenic to which larvae were exposed before they were exposed to the 

sediment significantly affected subsequent growth and development. As in the tests 

with arsenic-spiked sediment, length of larvae recovered at test conclusion decreased 

with arsenic concentration. Once again, larvae grew much faster on Hamilton Lake 

sediment. The relationship between head capsule deformity and pre-exposure to arsenic 

was significant for all concentrations on both sediments (Tables 7.14, 7.15). 

7.3.4. Eighteen day arsenic spiked paper towel static and static-renewal tests 

Renewal of overlying water in the test beakers had a positive effect on the survival of 

test animals in an 18 day bioassay using shredded paper towel substrate (Tables 7 .16 

and 7.17). More animals survived in the static renewal test for any particular nominal 

arsenic concentration. However, renewal of test water decreased development rate with 

a greater number of 4th instar larvae recovered from the static renewal test. Survival 

and development of test animals were significantly affected by arsenic concentration 

under both static and renewal conditions in this bioassay. There were differences in the 

occurrence of head capsule deformity in 4th instar larvae between tests. Arsenic 

exposure increased deformity under both static and static renewal test conditions 

(Tables 7. 18 and 7 .19) but the incidence of deformity was also high in control substrate 

under static conditions. 
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Table 7 .11. Percentage of survival and each developmental stage of Chironomus 
zealandicus recovered at the end of a 14 day static bioassay on Hamilton Lake and Lake 
Ngaroto sediment substrates with pre-exposure to arsenic (see text for details). Each 
value is a mean of 9 replicates with SE in parentheses. 

Nominal concentration of arsenic (g/m3) 0 30 60 90 120 150 

Hamilton sediment 

Survival (%) 93.0 86.0 77.0 54.0 22.0 20.0 
(0.2) (3.0) (6.0) (6.0) (6.0) (5.0) 

Recovered as younger instars (%) 0 0 0 3.0 2.0 6.0 
(2.0) (2.0) (4.0) 

Recovered as 4th instars (%) 3.0 21.0 23.0 13.0 10.0 9.0 
(2.0) (3.0) (3.0) (5.0) (3.0) (0.1) 

Recovered as pupae (%) 13.0 37.0 33.0 19.0 2.0 6.0 
(2.0) (0.8) (5.0) (5.0) (1.0) (2.0) 

Recovered as adults (%) 77.0 28.0 20.0 19.0 8.0 0 
(2.0) (11.0) (4.0) (0.5) (0.3) 

Ngaroto sediment 

Survival (%) 100.0 83.0 78.0 86.0 71.0 33.0 
(0) (8.0) (6.0) (6.0) (0.7) (3.0) 

Recovered as younger instars (%) 0 4.0 22.0 1.0 10.0 23.0 
(3.0) (0.5) (0.1) (4.0) (2.0) 

Recovered as 4th instars (%) 40.0 46.0 29.0 57.0 39.0 10.0 
(6.0) (4.0) (4.0) (9.0) (0.5) (3.0) 

Recovered as pupae (%) 27.0 27.0 10.0 21.0 4.0 1.0 
(3.0) (6.0) (2.0) (4.0) (2.0) (1.0) 

Recovered as adults (%) 33.0 7.0 17.0 7.0 18.0 0 
(5.0) (2.0) (7.0) (3.0) (6.0) 
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Table 7.12. Statistical comparisons of survival and development between sediment 
types and sediment arsenic concentrations for Chironomus zealandicus that were 
cultured on clean sediment substrates of Hamilton Lake and Lake Ngaroto for 14 days 
in the laboratory after exposing to arsenic solution for 96 hours. Means of 9 replicates 
were compared using 2 way ANOV A. NS-Not significant (P>0.05) 

P values 

Dependent variable Survival Adults Pupae Fourth Younger 
emerged recovered instar instar 

recovered recovered 

Factors:Sediment type and Concentration 

P(Sediment type) <0.001 <0.001 0.006 <0.001 <0.001 
P(Concentration) <0.001 <0.001 <0.001 <0.001 <0.001 
P(interaction) <0.001 <0.001 <0.001 <0.001 <0.001 

Table 7.13. Length frequency distribution of Chironomus zealandicus larvae recovered 
from lake sediment substrates at the end of 14 day static bioassays. Larvae were 
exposed to arsenic solutions of different concentrations for 96 hours prior to the 
beginning of the sediment bioassay. Median size class at each concentration is indicated 
by bold face type within a box. (Larvae recovered from 9 replicates of each 
concentration were pooled for the length measurement.) 

Concentration of 
arsenic solution in 0 30 60 90 120 150 0 30 60 90 120 150 

m3 

Hamilton Lake sediment Lake Ngaroto sediment 
Size class 
(mm) 
4.6-5.5 0 0 0 0 1 1 0 0 0 0 2 8 

5.6-6.5 0 0 0 0 1 4 0 0 0 6 6 [ill 
6.6-7.5 0 0 0 2 d::FP 0 0 8 6 5 5 

7.6-8.5 0 0 4 3 0 4 8 12 ~ 2 1 

8.6-9.5 0 1 1 1 1 2 0 4 lrnls:--S 1 

9.6-10.5 0 4 OJ 1 2 0 5 12 9 8 1 

10.6-11.5 0 2 5 0 0 0 3 OJ 3 7 7 1 

11.6-12.5 0 7 3 0 0 4 12 1 4 1 0 

12.6-13.5 0 5 1 3 0 0 [ill 8 2 0 0 0 

13.6-14.5 2 2 0 0 0 6 6 1 0 0 0 

14.6-15.5 1 1 1 0 0 0 8 1 1 0 0 0 
15.6-16.5 0 0 0 0 0 0 3 2 0 0 0 

Total 3 19 21 15 11 13 36 45 46 52 44 30 
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Table 7 .14. Head capsule deformity of fourth instar larvae of Chironomus zealandicus 
that were cultured on clean sediment substrates of Hamilton Lake and Lake Ngaroto for 
14 days after exposing to arsenic (As5+) solution for 96 hours as 1st instars. 

Nominal concentration of arsenic in g/m3 0 30 60 90 120 150 

Pre exposed test 

Hamilton sediment 

Number of fourth instar recovered 3 19 21 12 9 8 
Deformed head capsules(%) 0 52.6 57.1 50.0 66.6 50.0 
Single structure deformed(%) 0 26.3 28.5 16.6 55.5 25.0 
Multiple structure deformed(%) 0 26.3 28.5 33.3 11.1 37.5 
Antenna deformed (%) 0 10.5 9.5 8.3 0.0 0.0 
Mentum deformed(%) 0 47.3 19.0 41.6 55.5 37.5 
Mandible deformed(%) 0 0.0 4.7 16.6 0.0 12.5 
Premandible deformed (%) 0 21.0 14.2 16.6 22.2. 25.0 
Epipharyngeal pecten deformed(%) 0 5.2 14.2 25.0 0.0 12.5 

Ngaroto sediment 

Number of fourth instar recovered 36 41 26 51 35 9 
Deformed head capsules(%) 5.5 39.0 57.6 50.9 40.0 66.6 
Single structure deformed(%) 5.5 24.1 34.6 37.2 17.1 33.3 
Multiple structure deformed(%) 0.0 4.8 23.0 13.7 11.4 33.3 
Antenna deformed(%) 0.0 2.4 7.6 13.7 11.4 33.3 
Mentum deformed(%) 2.7 17.0 30.7 24.5 22.8 55.5 
Mandible deformed(%) 0.0 2.4 7.6 7.1 5.7 11.1 
Premandible deformed(%) 0.0 9.7 23.0 19.6 17.1 33.3 
Epipharyngeal pecten deformed (%) 2.7 12.1 23.0 13.7 25.7 11.1 
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Table 7.15. Comparisons of the head capsule deformity reported for the fourth larval 
instars of Chironomus zealandicus between test concentrations in a static pre-exposed 
bioassay on unspiked Lake sediment substrates. The deformities were compared with 
expected values in a Chi-squared test. NS-Not significant (P>0.05) 

P value 

Total number Single Multiple 
of deformed structure structure 
head capsules deformed deformed 

Factor Sediment/test 

Concentration Static test with pre-exposed 
larvae 

Hamilton Lake sediment NS NS NS 

Lake Ngaroto sediment <0.001 0.011 <0.001 
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Table 7.16. Percentage of survival and each developmental stage of Chironomus 
zealandicus recovered at the end of 18 day static and static-renewal bioassay on arsenic-
spiked shredded paper towel substrate. Each value is a mean of 9 replicates with SE in 
parentheses. 

Nominal concentration of arsenic in g/m3 0 2 4 8 16 32 

Static test 

Survival(%) 90.0 68.0 64.0 52.0 52.0 42.0 
(2.3) (2.4) (2.4) (2.9) (5.2) (7.0) 

Recovered as younger instars (%) 1.3 1.3 14.7 14.0 16.0 10.0 
(0.7) (0.7) (4.8) (2.0) (4.6) (8.1) 

Recovered as 4th instars (%) 23.4 16.7 14.7 12.7 14.7 16.7 
(5.5) (7.7) (4.8) (2.4) (4.4) (0.7) 

Recovered as pupae (%) 24.6 18.0 28.0 20.0 18.0 14.7 
(4.1) (2.0) (5.3) (2.3) (2.3) (1.7) 

Recovered as adults (%) 40.6 31.4 7.34 6.0 4.0 0.7 
(1.8) (12.7) (1.8) (3.5) (2.0) (0.7) 

Static renewal test 

Survival (%) 87.4 82.7 94.7 88.0 80.0 81.4 
(0.7) (4.0) (0.7) (3.1) (1.2) (0.7) 

Recovered as younger instars (%) 0.7 4.7 10.0 14.7 11.3 28.0 
(0.7) (0.7) (0.0) (0.7) (0.7) (0.6) 

Recovered as 4th instar (%) 20.6 30.0 40.0 52.6 52.0 48.6 
(0.7) (1.1) (0.0) (0.7) (1.2) (1.3) 

Recovered as pupae(%) 33.4 25.3 32.0 14.7 12.7 4.0 
(1.8) (3.0) (1.1) (0.7) (0.7) (0.0) 

Recovered as adults(%) 32.6 22.7 12.7 6.0 4.0 0.7 
(1.8) (0.7) (1.8) (1.1) (0.0) (0.7) 
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Table 7 .17. Comparisons of survival and development between test types (static and 
static renewal) and sediment arsenic concentrations for Chironomus zealandicus in 18 
day tests on arsenic-spiked shredded paper towel. 
NS-Not significant (P>0.05) 

P values 

Dependent variable Survival Adults Pupae Fourth Younger 
emerged recovered instar instar 

recovered recovered 
Factors: Test type and Concentration 

P(Test type) <0.001 NS NS <0.001 NS 
P(Concentration) <0.001 <0.001 <0.001 0.006 <0.001 
P(interaction) <0.001 NS 0.003 <0.001 0.014 

Table 7 .18. Head capsule deformity of fourth instar larvae of Chironomus zealandicus 
that were recovered at the end of 18 day static and static-renewal bioassays carried out 
on arsenic-spiked shredded paper towel substrate. 

Concentration of arsenic in g/m3 0 2 4 8 16 32 

Static test 

Number of fourth instar recovered 35 25 22 19 22 25 
Deformed head capsules(%) 34.1 44.0 45.0 31.5 40.9 60.0 
Single structure deformed(%) 25.7 40.0 36.3 36.3 31.8 56.0 
Multiple strucure deformed(%) 5.7 4.0 9.0 5.2 9.0 4.0 
Antenna deformed(%) 0.0 8.0 18.1 5.2 9.0 8.0 
Mentum deformed(%) 28.5 32.0 9.0 26.3 22.7 4.0 
Mandible deformed(%) 5.7 0.0 13.6 5.2 0.0 4.0 
Premandible deformed(%) 5.7 4.0 4.5 0.0 13.6 4.0 
Epipharyngeal pecten deformed(%) 5.7 8.0 9.0 5.2 9.0 4.0 

Static-renewal test 

Number of fourth instar recovered 31 45 60 79 78 76 
Deformed head capsules(%) 9.6 48.8 55.0 48.1 47.4 51.3 
Single structure deformed(%) 9.6 46.6 48.3 39.2 34.6 36.8 
Multiple strucure deformed (%) 0.0 2.2 6.6 8.8 12.8 14.4 
Antenna deformed(%) 3.2 8.8 10.0 11.4 10.2 13.1 
Mentum deformed (%) 3.2 20.0 20.0 15.2 21.7 19.7 
Mandible deformed(%) 0.0 6.6 5.0 3.7 6.4 5.2 
Premandible deformed(%) 0.0 6.6 11.6 11.3 11.5 14.4 
Epipharyngeal pecten deformed(%) 3.2 11.1 16.6 16.4 12.8 15.7 
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Table 7 .19. Statistical comparisons of head capsule deformity reported for the fourth 
larval instars of Chironomus zealandicus between test concentrations in a static and 
static-renewal bioassay on arsenic-spiked shredded paper towel substrate. The 
deformities were compared with expected values in a Chi-squared test. NS-Not 
significant (P>0.05) 

18 day static test 

18 day static-renewal test 

Summary 

Total number of 
deformed head capsules 

0.031 

0.001 

P value 

Single structure Multiple structure 
deformed deformed 

NS 

0.011 

NS 

NS 

Overall, results of the different bioassays indicate that C. zealandicus is again more 

resistant than C. sp. a to As. Arsenic is relatively more toxic in Hamilton Lake 

sediment than in Lake Ngaroto sediment in the spiked sediment bioassays. This 

suggests that As may be more bioavailable in Hamilton sediment which agrees with the 

higher measured pore water concentrations. However, Hamilton Lake sediment not 

spiked with As is also more stressful to C. zealandicus than Lake Ngaroto sediment in 

pre-exposed bioassays. The test conditions, prolonged exposure, extended endpoints, 

and renewal of the test medium all had considerable effects on the results of the toxicity 

tests. 

In general, survival and growth and/or development of test animals varied more 

between nominal concentrations of arsenic than between other factors such as sediment 

type (Hamilton Lake, Lake Ngaroto), test species (C. zealandicus, C. sp. a), test 

duration (14 and 18 day) or test type (static and static renewal). These other factors 

affected test animals under some test conditions but not all the time. The occurrence of 

head capsule deformities was also observed to be significantly associated with arsenic 

concentrations in the substrate in most of the bioassays while other factors did not 

always show such a clear relationship. 
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7 .4. DISCUSSION 

Several physical and chemical parameters influence metal bioavailability. Ankley et al 

( 1993) examined the effect of natural sediment physico-chemical properties on the 

results of laboratory tests with the amphipod H. azteca, the midge C. tentans, and the 

oligochaete Lumbriculus variegatus. These authors found that 10 day exposure on 

uncontaminated sediment with these three species differed markedly with regard to 

characteristics such as grain-size distribution, organic carbon content, and mineralogical 

composition. Food and feeding is one of the most important critical factors affecting 

the bioavailability of toxicants to the test organism. Survival of H. azteca, survival and 

growth of C. tentans, and survival, reproduction and growth of L. variegatus were 

significantly greater in tests in which the animals were fed than those in which they 

were not. A relatively high percentage of the tests in which C. tentans was_ not fed 

would have failed a control survival criterion of 70%. Hence, the authors concluded 

that there was significant potential for false positive results if H. azteca or C. tentans are 

not fed during sediment tests. In addition they found that growth of fed as well as unfed 

C. tentans may have been influenced by grain size distribution of the sediment. 

Sibley et al. ( 1997) found that both larval and adult dry weight declined significantly 

with a reduction in food supply. Total emergence was reduced only at the lowest 

feeding level of 0.29 mg/individual/day whereas the rate of emergence declined with 

food supplies below 0.42 mg/ individual/day. The number of eggs per female declined 

significantly with a decrease in food supply below 0.42 mg/individual/day. Fecundity 

and expected number of progeny declined linearly with reduced food supply. The 

authors also found that the application of their data in a demographic model showed that 

the growth and predicted size of a population would decline significantly with a decline 

in larval growth and reproductive output. 

In order to avoid or minimize all these complications, animals were fed in the present 

experiment throughout each bioassay at regular intervals at an optimum feeding rate that 

was determined through a series of preliminary laboratory culture practices. 



154 

At the beginning of the present experiment, the sensitivity of C. sp. a and C. zealandicus 

was assessed using a standard 10 day toxicity test under flow-through water renewal 

conditions, and survival and growth (by mean dry weight) were determined on arsenic­

spiked sediment substrates from Hamilton Lake and Lake Ngaroto. C. zealandicus 

showed differences in survival with concentrations of arsenic, but did not show such 

differences with sediment type, nor was growth affected by either sediment type or 

arsenic concentration (Table 7.4 ). Chironomus sp. a showed a significant relationship 

between survival and growth with arsenic concentration and survival was also affected 

by the type of sediment. From this bioassay and the results of acute toxicity tests 

(Chapter 6), it appears that C. sp. a is generally more sensitive than C. zealandicus to 

arsenic. However, C. zealandicus was used as the test organism for further toxicity 

bioassays for several reasons, such as ease of culture and handling, and continuous 

availability in the wild throughout the year. 

The length of exposure to the test substance is a critical consideration in sediment tests, 

for extended exposure is generally associated with greater sensitivity (Ingersoll and 

Nelson 1990). The effects of small toxicant doses are sometimes revealed in the form of 

sublethal effects after prolonged exposure. In addition, acute lethality tests are useful in 

identifying "hot spots" of sediment contamination, but these tests cannot be used to 

evaluate moderately contaminated areas where only chronic effects may occur. 

Concentrations of contaminants in sediments may not be lethal, but may interfere with 

the ability of an animal to develop, grow, or reproduce. A better understanding of the 

sublethal effects of chemicals in sediment is essential to identify areas with moderate 

contamination and evaluate chemicals that do not elicit acutely lethal responses. 

Furthermore, short exposure tests may be more appropriate in cases requiring a less 

sensitive and resource-intensive approach, which allows for a greater number of tests 

overall. Although there are rigorous methodologies to extrapolate the effect of acute 

short-term exposures to effect of long-term exposures on survival, growth and 

reproduction of aquatic organisms (Giesy and Hoke 1989), the value of long-term 

exposures in bioassays is obvious, despite possible complications arising from feeding 

to keep the test organisms alive (Wiederholm et al. 1987). The chronic, sublethal 

sediment bioassays are essential because bioaccumulation is a slow process which can 

affect reproduction, and benthic organisms generally experience such prolonged 

exposures to low contamination levels (Dillon 1993). 
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The duration of the exposure may have a profound influence on the response of 

organisms in sediment toxicity tests. The toxicity to H. azteca of sediment 

contaminated with P AHs and PCBs was evaluated after exposures of 2, 10 and 29 days 

in static and water-renewal exposures (Ingersoll and Nelson 1990). Survival of these 

amphipods was not reduced after a 2 day exposure, but was reduced by about 50 percent 

after a 10 day exposure, and was reduced by about 70 to 90 percent after a 29 day 

exposure. Body length of amphipods was reduced only in the 29 day exposure. In 

another experiment, the toxicity of contaminated Great Lakes sediment on H. azteca 

was also evaluated after 7, 14 or 28 day exposures (Nelson et al. 1993; Burton 1994 ). 

Survival and length endpoints were more discriminatory compared with sexual 

maturation. Effects after 28 days of exposure were much more severe than effects after 

7 or 14 days of exposure. 

Results of the present experiments agree with these findings. The sensitivity of C. 

zealandicus showed differences with test duration on two lake sediment substrates. 

Comparing the total survival between sediment types, there were significant differences 

for 14- and 18 day tests, but not in the 10 day test (Tables 7.5, 7.7). Although the 

comparisons between concentrations differ for all three test exposures, they were more 

significant after 14 and 18 day exposures (P<O.O 1) than after a 10 day exposure 

(P<0.05). Test conditions may have influenced the sensitivity as the 10 day tests were 

conducted under flow-through water renewal conditions whereas 14- and 18 day tests 

were carried out under static test conditions. Comparisons between 14 and 18 day tests 

show that differences in the number of adults emerged, and pupae and younger instars 

recovered, were more significant between the two sediments after an 18 day exposure 

than after 14 days. Clearly, however, test duration will affect recovery of later 

developmental stages. 

Potential depletion of contaminants or changes in sediment during exposures may be a 

problem when conducting long-term tests. Although organisms in direct contact with 

sediment generally receive a substantial proportion of a contaminant dose directly from 

either the whole sediment or from the interstitial water, contaminant concentrations are 

reduced in the overlying water in water-renewal tests and depuration of sediment may 

occur. In static tests, although the contaminant concentration does not change 
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markedly, water quality may change profoundly during the exposure (Ingersoll and 

Nelson 1990). However, measured physico-chemical parameters did not change 

considerably between 14- and 18 day tests (Table A.4). Other characteristics of 

sediment, such as grain size, or the presence of other animals, e.g., predators, may affect 

the results of chronic exposures but this is considered unlikely in this case. 

Measured total arsenic concentrations in pore water samples were relatively higher in 

Lake Ngaroto sediment than in Hamilton Lake sediment at the beginning of the spiked 

sediment toxicity tests. However, concentrations at the end of tests were higher in 

sediment from Hamilton Lake (Table 7.3). This may be due to the lower total organic 

matter (TOM) in this sediment. Therefore, the proportion of arsenic bound to sediment 

organic matter may be higher in Lake Ngaroto sediment and as a result, final arsenic 

concentrations in pore water were lower. When comparing the spiked sediments of the 

two lake sites, arsenic was more toxic in Hamilton Lake sediment than in Lake Ngaroto 

sediment. Percent survival was considerably less on Hamilton Lake sediment than on 

Lake Ngaroto sediment, in particular, at nominal concentrations of above 50 g/m3• This 

difference in survival between sediment substrate types increased with arsenic 

concentration. This suggests that the bioavailability of arsenic is higher in Hamilton 

sediment than in Ngaroto sediment. Studies comparing the toxicity of metals in 

different exposure phases show that ions in overlying and pore-water are the main path 

of contamination for most benthic organisms, while the toxicity of sediment-bound 

metal is negligible (Cairns et al. 1984). Therefore, it is likely that the greater 

bioavailablility of pore water arsenic was the reason for the lower survival of C. 

zealandicus in Hamilton sediment. 

The results of the pre-exposed test, in which C. zealandicus was raised in unspiked 

sediment show that Hamilton Lake sediment is more stressful than Lake Ngaroto 

sediment. Reduction of survival for a nominal arsenic concentration was comparatively 

higher on sediment from Hamilton Lake than from Lake Ngaroto (Tables 7.11, 7.12). 

This indicates that in addition to the spiked arsenic, some other factor that is already 

present in Hamilton Lake sediment contributes to its toxicity to C. zealandicus. 

The choice of the appropriate endpoint (response) to measure is another important 

aspect in the assessment process. All toxicants do not affect the same metabolic 
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processes or result in the same effects, because they have varying modes of action and 

target receptors. Some toxicants may interfere with processes essential for reproduction 

or growth. Relative species sensitivity frequently varies among contaminants. Reish 

( 1988) studied the relative toxicity of six metals (arsenic, cadmium, chromium, copper, 

mercury, and zinc) to marine crustaceans, polychaetes, and fishes, and found that no one 

species or group of organisms was the most sensitive to all of the metals. Mortality or 

survival is the most common endpoint used in standardized bioassays for the assessment 

of sediment toxicity (Traunspurger and Drews 1996) because it is an easily measurable 

and readily understandable response criterion, allowing comparisons among species and 

among chemicals or other variables within a species. Although mortality is a very 

amenable toxicological response, endpoints such as behaviour, reproduction and larval 

settlement are more sensitive than mortality for whole sediment single species assays 

(Luoma and Ho 1993). 

Developmental criteria for benthic species such as growth, adult emergence and 

maturation rates are important toxicity variables in that they cover various life stages of 

the test organisms. However, the results can be highly variable and the bioassay may 

take too long for large-scale screening or monitoring work. Growth and development 

are used as endpoints in several bioassays for long term exposure to sediment samples. 

Kemble et al. ( 1993) found a correlation between reduction in length of amp hi pods and 

metal concentration in whole sediment and interstitial water tests. Amphipod length 

and benthic community evaluations both provided complementary evidence of metal­

induced degradation in aquatic communities at study sites in the Milltown Reservoir and 

Clark Fork River in Montana. In an assessment of a metal contaminated sediment to H. 

azteca, Nelson et al. (1993) found that only a 7 percent of the samples showed reduced 

survival and 23 percent of the samples had reduced sexual maturation. However, 62 

percent of the samples showed reduced length of the amphipods after 28 days of 

exposure. The authors concluded that the length of amphipods was a more sensitive 

endpoint than survival or sexual maturation. 

Generally a reduction in growth is considered an adverse effect. In this experiment, 

development and growth (length of larvae recovered) showed a negative trend with 

nominal concentration of arsenic in 14- and 18 day sediment static tests. This effect 

was more significant on Hamilton Lake sediment. However, larvae clearly grew much 
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faster on this substrate, which accentuated this effect. This also illustrates that the major 

route of exposure to arsenic is likely to be via pore water rather than ingestion of 

organic matter. Although the percentage of total organic matter is higher in sediment 

from Lake Ngaroto than from Hamilton Lake, the effect of intra-sediment nutritional 

difference may be minimal in these bioassays since animals were fed regularly. 

These examples suggest that additional endpoints have to be considered along with 

gross mortality or survival in correctly evaluating the sensitivity of a test organism to a 

toxicant. The results of the present experiment support the above statement. Total 

survival (or mortality) showed no effect due to test duration (length of exposure) either 

on Hamilton Lake sediment or on Lake Ngaroto sediment. However, an effect related 

to test duration was observed when the surviving developmental stage of the animal 

(adults emerged and pupae, 4th instars, and younger instars recovered) was considered 

separately. 

The relationship between environmental contamination and chironomid head capsule 

deformity is relatively well established. Van Urk et al. (1992) found that C. plumosus 

larvae occurred at lower population densities and with higher frequencies of deformities 

as environmental contamination levels increased. Dickman et al. ( 1992) found a 

significantly higher frequency of mentum deformity in coal tar-contaminated sediments 

than at reference sites. However, although chironomids have been used in sediment 

toxicity tests for a long time, only very few studies have examined the effect of 

contaminants on head capsule deformity in the laboratory under controlled conditions. 

Hudson and Cyborowski ( 1996) found that the incidence of mentum deformities 

increased with increasing proportions of contaminated Trenton channel sediment. 

Michail ova and Belcheva ( 1990) exposed Glyptotendipes barbipes to sediments spiked 

with two concentrations of lead and found that there was an increase in malformations 

of the teeth of the mandibles and sub-mentum, and in the shape of genitalia and wings 

of emergent adults. In another laboratory study, Kosalwatt and Knight (1987) reported 

that sediments heavily spiked with copper caused deformities in the epipharyngeal plate 

of larval mouthparts. 

The greater occurrence of head capsule deformities with exposure to arsenic reported in 

this experiment is comparable with the results of the above studies. The incidence of 
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deformity was significantly different between concentrations of arsenic in the 18 day 

test, but not in the 14 day test, on Hamilton Lake sediment (Tables 7.9, 7.10). Although 

the difference in proportion of head capsules deformed between concentrations was 

significant in both 14 and 18 day exposures on Lake Ngaroto sediment, the difference 

was more significant (P<0.01) in the 18 day test than in 14 day (P<0.05) test. This may 

be due to the slightly higher arsenic concentrations measured in the Lake Ngaroto 

sediment at the start of the bioassay. Results of exposure to arsenic for a brief period 

during early life followed by culture on clean sediment indicate that even quite low 

arsenic concentrations can induce significant abnormality in later larval stages. The 

effect of sediment type seems minimal since head capsule deformity did not show any 

significant differences between sediments in spiked sediment bioassays or in unspiked 

sediments with pre-exposed test animals (Tables 7.14, 7.15). 

From the results of the above bioassays with C. zealandicus, it is obvious that length of 

larval instars, developmental stage, and the occurrence of head capsule deformity of 4th 

larval instars are more sensitive endpoints than survival and growth (by mean dry 

weight). 

Metals may be more bioavailable in synthetic sediments than in natural sediment 

substrates. This is a potential disadvantage associated with the use of synthetic 

sediments, limiting comparisons of laboratory and field observations particularly in 

metal toxicity testing (Harrahy and Clements 1996). However, depending on the 

objective of a bioassay, synthetic sediments may be used to evaluate the toxicity of a 

chemical under controlled conditions. Shredded paper towel was used successfully in 

establishing laboratory cultures of test chironomid species for more than three years. 

The paper towel substrate was prepared for As spiked tests as it was prepared for the 

laboratory culture (Chapter 3). Bioavailability of As in this bioassay may not be the 

same as in tests with natural lake sediment. However, the effects of other biological 

(other organisms in sediment), physical (grain size, composition) and chemical (other 

compounds, varying organic carbon) factors were minimized in determining the effect 

of arsenic on C. zealandicus. The percentages of survival, each developmental stage 

and occurrence of head capsule deformity all showed a significant relationship with 

concentration of spiked substrate arsenic in both static and static-renewal toxicity tests 

(Tables 7.16, 7.17, 7.18, 7.19). 
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Water renewal affected the toxicity of arsenic while other factors such as grain-size 

distribution, organic carbon content, and mineralogical composition remained typically 

unchanged during toxicity tests with C. zealandicus on arsenic-spiked shredded paper 

towel substrate. Although the percentages of developmental stages, except the 4th 

instar larvae, showed no difference between static and static renewal conditions, total 

survival showed a significant difference. Survival was considerably reduced in static 

tests with differing arsenic concentration. Only 50% of animals survived at the highest 

spiked arsenic concentration under static conditions compared with static renewal 

conditions. This is comparable with results of previous studies. For example, Williams 

et al. (1986) found that a continuous-flow testing procedure provided less "stressful" 

conditions for the 4th instar larvae of C. riparius than a static-replacement procedure in 

acute toxicity tests with Cd. In the present study with paper towel substrate under static 

renewal conditions, the overlying test solution was replaced with a freshly prepared 

solution of the appropriate arsenic concentration. Furthermore, measured physico­

chemical parameters did not vary appreciably between static and static-renewal tests 

with paper towel substrate. Therefore, the differential survival of test chironomids in 

both tests may not necessarily be due to the bioavailability of the As. One of the 

possible reasons for the difference in toxic effect may be the accumulation of wastes in 

test chambers under static conditions. Water renewal conditions were also observed to 

affect the relationship between spiked-arsenic concentration and head capsule 

deformity. The head capsule deformity and arsenic concentration relationship was more 

significant in static renewal exposure (P<0.005) than in static exposure (P<0.05). This 

is mostly due to high levels of deformity in control animals under the latter conditions 

that may be due to waste accumulation during the test. No difference was observed in 

head capsule percentage deformity between static and static-renewal conditions for a 

particular concentration of arsenic. 

There are a few limitations associated with laboratory bioassays used for sediment 

toxicity. These fall into four categories (Lamberson et al. 1992): (1) alterations of the 

toxicological properties of the sediment during sampling and handling; (2) sensitivity of 

test organisms to natural sedimentary features and laboratory conditions; (3) 

toxicological uncertainities arising from the narrow range of contaminants as yet tested 

and from the difficulties in measuring exposure concentrations; and (4) poorly 
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understood ecological interactions and relevance. Minimizing these problems and the 

potential for over and underestimation of toxicity (Luoma and Carter 1993) have been, 

and still remain, challenges in the development of standardized protocols for sediment 

bioassays. The results of toxicity tests on the same organism can vary depending on the 

exposure phase used (Chapman and Fink 1984; McCauley et al. 1992; Green et al. 

1993; West et al. 1993). Different strengths and weaknesses are associated with these 

procedures and some exposure modes may be appropriate in some cases but not in 

others (Burton 1991). 

Many authors have found that tests with benthic species involving direct exposure to a 

sediment are more adequate and ecologically relevant for an assessment of sediment 

toxicity than tests in isolated liquid phases (Lamberson and Swartz 1988; Ankley et al. 

1990). Static bioassays have long been used to test experimentally spiked sediments 

( Cairns et al. 1984) and field-contaminated samples (Wentsel et al. 1977 a, 1977b and 

1988). Many authors agreed that the diagnosis of sediment quality should be centered 

around whole sediment analyses, with pore-water and elutriate tests only as 

complementary sources of information (Chapman and Fink 1984; Lamberson and 

Swartz 1988; Traunspurger and Drews 1996). 

In conclusion, the toxicity of a chemical to a test organism depends on several 

biological, physical and chemical factors. The sensitivity of a test organism to a 

particular toxicant may vary depending on the length of exposure to the toxicant, 

endpoint concerned, test media used, and laboratory testing conditions. This experiment 

further strengthens the results of Chapter 5 and 6 to show that C. zealandicus is more 

resistant than C. sp. a to As. Arsenic adversely affected survival, growth, and 

development of C. zealandicus and C. sp. a Arsenic also induced head capsule 

deformities in C. zealandicus. However, the specific type (e.g., missing tooth, split in 

tooth, reduced segment) and severity (weak and strong deformation) of the deformity 

induced by As was not considered in the present study. These aspects will be useful 

topics for future research. 

Sediment from Hamilton Lake was more stressful with or without spiking of As than 

that from Lake Ngaroto. This may be due to differential bioavailability of 

contaminants. The higher concentrations of pore water As at the end of the spiked 
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sediment bioassays may be related to the reduced survival of C. zealandicus in 

Hamilton Lake sediment while the slightly higher initial concentrations in Lake Ngaroto 

sediment may be responsible for greater head capsule deformity. Although this 

implicates pore water arsenic as the most logical route of exposure, this study did not 

unequivocally indicate whether the pore water or sediment bound As fraction is more 

bioavailable to C. zealandicus. 

The sensitivity of C. zealandicus to arsenic was affected by the renewal of overlying 

water in the laboratory toxicity tests. Furthermore, C. zealandicus became more 

sensitive to arsenic when exposed for an extended period. 

Eighteen day tests measuring mortality, growth, developmental life stage, and head 

capsule deformity as endpoints may be used under static or static renewal conditions to 

test the toxicity of contaminated sediments to C. zealandicus. This combination of test 

conditions appears to be more effective than the standard 10 day chronic exposure tests 

described for Chironomus in the past. 



Chapter8 

Conclusion and Summary 

Three species of chironomid, Chironomus zealandicus, Chironomus sp. a, and 

Polypedilum pavidus were studied for their potential as biological indicators of aquatic 

environmental pollution in New Zealand. This included investigation of both wild­

collected and laboratory reared animals. 

Although chironomids are one of the major components of the benthos at the four study 

sites, the species of interest were not equally abundant throughout the study period at 

the study sites. Chironomus zealandicus was present at very high densities while no 

other invertebrate was observed at Sulphur Point in Lake Rotorua. Physico-chemical 

parameters such as relatively elevated temperature due to the geothermal activity, high 

conductivity, and low dissolved oxygen and pH that prevail at this site may be the 

probable cause for this. Although all three species were observed at the other study 

sites, C sp. a and P. pavidus dominated the benthic macroinvertebrate community of 

Lake Ngaroto and Hamurana Stream respectively. Chironomid density was relatively 

lower at Hamilton Lake compared with the other three sites. This may be because of a 

higher level of pollution of this lake site. Cultures of these chironomids were 

established in the laboratory in order to obtain all larval stages of test species for 

laboratory bioassays throughout this study. 

Advantages and disadvantages of using Chironomidae as indicator organisms have 

been described in previous studies (Rosenberg 1992; Clarke et al. 1995; Warwick 1985; 

USEPA 1994b). Chironomids were easily collected using relatively simple methods in 

this study and observed to be considerably robust for handling. Among the three 

species, C. zealandicus appeared to be more tolerant of physical handling during 

bioassays. 

A common method was employed to create and maintain cultures of all three species of 

chironomid. Methods for culturing chironomids relied on regular attention, availability 

of suitable food, and the maintenance of culture media throughout (Credland 1973). An 

appropriate combination of biological and non-biological parameters was determined 
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after a period of 4-months of trial and error to establish reliable cultures in the 

laboratory. Parameters include food type (TetraMin flakes), feeding, aeration, 

photoperiod, substrate, stocking density of larvae and adults, and the maintenance of 

aquaria and mating cages. 

An attention of 21/z - 3 hours per day was needed to maintain about 4 stocking tanks, 8 

rearing aquaria and 4 mating cages in the laboratory. An average of 15 to 20 egg 

masses was collected daily from each mating cage. These are important considerations 

for potential establishment of cultures for standard ecotoxicological testing. 

One of the advantages of using chironomids as bioindicators is that each specimen 

allows examination of additional sublethal endpoints such as deformity in head capsule 

structures and thickness of cuticle, in addition to the standard endpoints (survival, 

growth, reproduction). Head capsule deformity and physical wear were examined for a 

wild population of C. zealandicus collected from the study sites in 3 summers and 2 

winters during this study. 

Significant differences were observed in the head capsule percentage deformity between 

sites and seasons. Individuals from the pristine Hamurana Stream site had the lowest 

incidence of deformities while deformities were uniformly common at the other sites. 

Generally, the percentage deformity declined in winter. Results indicated that the 

substrate type contributed to physical wear of mouthparts and this was more common in 

the coarse sand substrate at Hamurana Stream. Deformity and physical wear of larvae 

in laboratory cultures on a paper towel substrate indicated no clear pattern of substrate 

effect on the incidence of deformity, although some structures may be more sensitive 

indicators of substrate physicochemistry than others. However, percentage deformity 

declined with successive laboratory generations. Physical wear of larvae cultured on 

paper towel substrate was significantly lower than when animals were cultured in 

sediment from Sulphur Point. This supports the hypothesis that coarse sand substrate 

contributed to the physical wear observed. 

Arsenic increased the incidence of head capsule deformities in the laboratory toxicity 

tests. Although the present study doesn't give any indication of contaminant specificity 

in the percentage head capsule deformities of larvae collected from the wild, it reveals 
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that care must be used in interpreting such findings particularly where comparisons are 

made between different substrate types and seasons. There are indications that substrate 

type, season, and genetic factors, as well as sediment chemistry may collectively 

contribute to the incidence of head capsule abnormalities in C. zealandicus. The 

influence of specific physicochemical aspects of the environment on larval development 

and the susceptibility of particular headcapsule structures to such influences need 

further study. 

The acute toxicity of arsenic (As3+ and As5+) and copper (Cu2+) to chironomid species 

under differing conditions was investigated in this study. A number of biological (age), 

chemical (valency state), and physical (season, temperature) factors were observed to 

affect the toxicity of arsenic and copper to the tested chironomid species. Although C. 

zealandicus and C. sp. a are taxonomically closely related, they showed considerable 

difference in sensitivity to arsenic and copper. As3+ was more toxic than A~5+ to all 

three species. Chironomus zealandicus was the most tolerant species to both forms of 

arsenic and to copper of the three species tested. Earlier instars were more sensitive 

than the later instars of each species to arsenic. Furthermore, wild-collected 4th instar 

larvae of all three species were more resistant than the laboratory-cultured population of 

the same age to both forms of arsenic. No direct relationship was observed between 

temperature and the toxicity of arsenic with these test animals. It was found that there 

was a difference in sensitivity of the test species to arsenic depending on the season 

when they were collected from the wild. Chironomus sp. a showed relatively little 

variation in sensitivity compared with the other two species to both forms of arsenic 

with either temperature or season. 

This study illustrates the importance of examining the toxicity of a substance under 

different biotic and abiotic conditions. Investigation with as many life stages as 

possible is essential in order to set accurate water quality standards for the protection of 

the aquatic environment. This study has shown that the use of the fourth instar larvae in 

acute toxicity tests is a practice that may seriously underestimate the contaminant 

sensitivity of these species, and this should not be appreciated in tests that are used in 

generating data for water quality criteria and standards. Factors such as the effect of 

season (summer and winter) and the differing origin of a particular species (wild-
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collected vs laboratory-cultured) may also be considered as important factors in 

evaluating the toxicity of substances. 

The chronic tests with sediments from Hamilton Lake and Lake Ngaroto and paper 

towel substrate on C. zealandicus and C. sp. a included the study of both arsenic spiked 

and unspiked substrates. This experiment indicated that C. sp. a was more sensitive to 

arsenic spiked sediment than C. zealandicus. Sediment and paper towel substrates that 

were spiked with arsenic (As5+) influenced the survival, growth, and/or development of 

C. zealandicus. Arsenic was observed to induce head capsule deformities in the larval 

instars of C. zealandicus. However, this study did not establish a dose-response 

relationship between arsenic concentration and head capsule deformity. Whether the 

arsenic induces any specific type of deformity in head capsules may be a valuable 

subject for a future research. 

The sensitivity of C. zealandicus to arsenic was affected by the renewal of overlying 

water in the laboratory toxicity tests. In addition, C. zealandicus became more sensitive 

to arsenic-spiked sediments when exposed for an extended period and when more test 

endpoints were considered. The effect of arsenic appeared to be relatively higher in 

sediment from Hamilton Lake than from Lake Ngaroto. 

The 18 day tests using mortality, growth, developmental life stage and head capsule 

deformity as endpoints can be used under static or static renewal conditions to test the 

toxicity of contaminated sediments to C. zealandicus. This combination of test 

conditions appears to be more effective than the standard 10 day chronic exposure tests 

previously described for other Chironomus species. The sensitivity of the test 

organisms therefore varied depending on the length of exposure to the spiked sediment, 

the number of endpoints examined, and other laboratory testing conditions such as the 

renewal of dilution water. 

Unspiked sediment tests studied the influence of lake sediments on the survival and 

emergence of C. zealandicus and C. sp. a. Results showed that the sediment substrates 

from Hamilton Lake, Lake Ngaroto, Hamurana Stream, and Sulphur Point of Lake 

Rotorua influenced survival or emergence or both of C. zealandicus and C sp. a. No 

difference was observed in survival or growth of these two test species between 
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sediment type in 10 day tests. However, results of 37 day emergence tests showed that 

survival and the percentage of larvae successfully emerged as adults were higher for C. 

zealandicus on the Sulphur Point sediment, and for C. sp. a on Lake Ngaroto and 

Hamurana Stream sediments. Emergence of C. zealandicus was delayed on Hamurana 

Stream sediment by 6 days while that of C. sp. a was delayed on Sulphur Point sediment 

by 10 days. 

Sediment substrate appears to also influence the species of chironomid that inhabit it. 

However, a unique sediment property that affects chironomids could not be identified 

from this study. One or a combination of chemical (e.g., contaminants and organic 

carbon content) and physical (e.g., particle size distribution) factors of the sediments 

could possibly be implicated. In addition, it is not known how the results of the 

emergence experiment compare with the natural emergence pattern of test species at 

each site. The laboratory conditions may have altered the natural emergence pattern of 

the test species. An emergence study using mesocosms may be a useful topic for future 

study. 

This work shows that either one or more of the chironomid species used in this study 

may be used as bioindicators in monitoring freshwater lakes. Although C. sp. a was 

more sensitive than the other two species to arsenic and copper, the other two species 

have the advantage of relatively higher tolerance to physical handling during bioassays. 

Between the other two species, P. pavidus is comparatively smaller than C. zealandicus 

and early larval instars are relatively harder to distinguish from each other. However, P. 

pavidus is relatively easy to culture in the laboratory and the hatchability of egg masses 

of P. pavidus was higher than that of C. zealandicus. Chironomus zealandicus is the 

most convenient species to use in laboratory tests, due to its size and tolerance to 

physical handling. The possession of two pairs of ventral tubules at the eighth 

abdominal segment allows for easy identification, particularly at older larval stages. 

However, it is relatively harder to culture in the laboratory and the hatchability of egg 

masses is lower than that of the other two species. Regular re-stocking with wild­

collected larvae of C. zealandicus is essential to maintain a reliable culture in the 

laboratory and, in particular, if a large number of larvae is needed for laboratory studies. 

In addition, since there was a differential abundance of chironomid species at the 

different lake sites observed, the suitability of a particular species for bioassay use 



168 

should be assessed talcing into account its occurrence in suitable sediments or sites in 

the wild. Depending on the type of bioassay required, an appropriate species can be 

selected from these three chironomids. 
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Appendix one: System parameters of atomic absorption spectrometers 
and particle size analyser 

Table A.1 System details of the laser mastersizer used to determine particle size 
distribution of site sediments. 

Range lens Beam Sampler Obstruction Residual Analysis Modifications 
(mm) length (%) (%) mode 

(mm) 

Hamilton 300RF 2.40 MS 17 26.3 0.49 Poly None 
disperse 

Ngaroto 300RF 2.40 MS 17 27.1 0.43 Poly None 
disperse 

Hamurana 1000 2.40 MS 17 13.6 0.81 Poly None 
disperse 

Sulphur 1000 2.40 MS 17 17.5 0.79 Poly ·None 
Point disperse 

Table A.2. Instrument parameters for flame AAS 

Element 

Analysis parameter 
As Cu Cr 

System type Flame Flame Flame 

Matrix HN03'H202 HN03'H202 HN03'H202 

Lamp current (mA) 10.0 4.0 6.0 

Wavelength (nm) 193.5 324.7 357.9 

Slit width (nm) 1.0 0.5 0.2 

Read time (sec) 3 3 3 

Replicates 3 3 3 
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Table A.3. Instrument parameters for Graphite Furnace AAS 

Element 

Analysis parameter 
As Cu Cr 

System type Furnace Furnace Furnace 

Matrix HN03'H202 HN03'H202 HN03'H202 

Lamp current (mA) 8 4 6 

Wavelength (nm) 193.7 324.7 357.9 

Slit width (nm) 1.0 0.5 0.2 

Number of injections 1 1 1 

Injection speed (µ1/s) 9 9 9 

Sampling mode Auto Auto Auto 
sampling sampling sampling 

Read time (s) 1.5 1.5 1.5 

Replicates 3 3 3 
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Table A.4. Dissolved oxygen (DO), temperature, conductivity and pH recorded at the 
beginning and end of bioassays of Chapter 7 (value at the beginning / value at the end). 
Each value is an average of three experiments with SE in parentheses. 

DO 
(mg I I) 

Temperature (°C) Conductivity 
(µs/cm2) 

Flow-through test with Chironomus zealandicus on Hamilton sediment 
8.12 / 8.24 23.1 / 23.2 154 / 155 
(0.06 / 0.07) (0.46 / 0.15) (5.61 / 6.33) 

Flow-through test with Chironomus zealandicus on Ngaroto sediment 
8.17/8.16 22.9/23.2 162/151 
(0.04 / 0.04) (0.09 / 0.28) (10.6 / 3.76) 

Flow-through test with Chironomus sp. a on Hamilton sediment 
8.12/8.24 23.3/23.6 154/147 
(0.11 / 0.06) (0.46 / 0.22) (1.45 / 2.65) 

Flow-through test with Chironomus sp. a on Ngaroto sediment 
8.21 / 8.27 23.1 / 23.4 154 / 161 
(0.09 / 0.09) (0.25 / 0. 18) (3.48 / 11.9) 

14 day static test with Chironomus zealandicus on Hamilton sediment 
8.19/8.13 23.2/23.7 155/201 
(0.04 / 0.01) (0.56 / 0.07) (2.89 / 6.33) 

14 day static test with Chironomus zealandicus on Ngaroto sediment 
8.12 / 8.02 22.8 / 22.8 151 / 168 

(0 / 0.15) (0.42 / 0.19) (3.48 / 4.1) 

18 day static test with Chironomus zealandicus on Hamilton sediment 
8.08 / 8.17 23 / 22.2 152 / 153 
(0.01 / 0.02) (0.2 / 1.11) (1.67 / 2.33) 

18 day static test with Chironomus zealandicus on Ngaroto sediment 
8.16 / 8.28 23.1 / 23.3 159 / 149 
(0.04 / 0.11) (0.23 / 0.26) (1.2 / 2.52) 

Pre-exposed test withChironomus zealandicus on Hamilton sediment 
8.41 / 8.22 23.1 / 23.2 156 / 145 
(0.04 / 0.05) (0.43 / 0.38) (4.7 / 2.52) 

Pre-exposed test with Chironomus zea/andicus on Ngaroto sediment 
8.2 / 8.42 23.3 / 23.2 157 / 152 
(0.17 / 0.12) (0.46 I 0.35) (1.45 / 2.03) 

18 day static test with Chironomus zealandicus on paper towel substrate 
7.75 I 8.45 22.6 / 23.3 153 / 152 

(0.42 / 0.1) (0.15 / 0.37) (2.08 I 6.03) 

18 day static-renewal test with Chironomus zealandicus on paper towel substrate 
8.1 / 8.19 23.5 / 23.4 153 / 172 
(0.05 / 0.03) (0.33 / 0.45) (3.21 / 9.84) 

PH 

7.23 / 7.03 
(0.02 / 0.09) 

7.16/7.04 
(0.02 / 0.02) 

7.21 / 7.29 
(0.06 / 0.12) 

7.31/7.1 
(0.05 / 0.04) 

7.21/7.17 
(0.08 / 0.02) 

7.18/7.17 
(0.01 / 0.02) 

7.12 / 7.23 
(0.03 / 0.02) 

7.16 / 6.94 
(0.13 / 0.11) 

7.07 I 7.25 
(0.05 / 0.03) 

7.137.13 
(0.07 I 0.08) 

7.15 / 6.99 
(0.14/0.1) 

7.14/7.18 
(0.02 / 0.06) 
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Appendix three: Abstracts of articles and conference presentations 

arising from this study 

Abstract 1: 

New Zealand Journal of Marine and Freshwater Research. Volume 31: 175-184 ( 1997). 

Head capsule deformities in Chironomus zealandicus (Diptera: Chironomidae); 

influence of site and substrate 

Jeyasingham Kanapathipillai and Nicholas Ling. 

Department of Biological Sciences 

The University of Waikato, Private Bag 3105, Hamilton, New Zealand. 

The natural incidence of deformities in the larval head capsules of Chironomus 

zealandicus was investigated at four lake sites in the central North Island in the summer 

(December 1994) and winter of 1995 (June 1995). Significant differences were 

observed between sites and seasons. Individuals from the peat lakes Ngaroto and 

Hamilton (Rotoroa) had the highest incidence of deformities during summer (78% and 

48% respectively) and these declined significantly in winter (40% and 26%). No 

seasonal differences were observed in larvae from the two sites chosen in Lake Rotorua. 

Individuals close to the Hamurana Stream in Lake Rotorua showed the lowest number 

of malformed head capsules during summer (32% ). In order to assess the influence of 

substrate type, larvae from two different locations were cultured through their entire life 

cycle in three different substrates. Results overall indicated no clear pattern of substrate 

effect although some structures may be more sensitive indicators of substrate 

physicochemistry than others. The incidence of deformity tended to decline with 

successive laboratory culture. 
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Abstract 2: 

Annual Conference of the New Zealand Limnological Society, Nelson, New Zealand: 

30th June to 4th July 1997 

Effect of Substrate on the Emergence of Two Species of Chironomid 

Jeyasingham Kanapathippillai and Nicholas Ling. 

Department of Biological Sciences, 

The School of Science and Technology, 

The University of Waikato, Private Bag 3105, Hamilton, New Zealand. 

We have been examining the effect of site and substrate on developmental anomalies in 

lake chironomids from sites in the Waikato regoin. We studied the effect of substrate on 

the emergence of two chironomid species. Laboratory cultured specimens of 

Chironomus zealandicus and Chironomus species a were allowed to grow on sediments 

of four lake sites namely, Hamilton Lake, Lake Ngaroto, and Sulphur Point and 

Hamurana stream sediment from Lake Rotorua, with over lying soft synthetic water. 

Each experiment was conducted using 100 first instar larvae collected from a single egg 

mass. Experiments were performed in triplicate. We found that the emergence of 

Chironomus zealandicus on Hamilton Lake and Lake Ngaroto sediment was delayed 

and reduced in number. Emergence of Chironomus sp. a was delayed and reduced on 

the Sulphur Point sediment from Lake Rotorua. The maximum number of adults 

emerged from aquaria containing Hamurana stream sediment. Although the male adults 

emerged first in all aquaria, there was no effect of substrate on emerged sex ratios. 
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Abstract 3: 

Fourth Annual Conference of the Australian Society for Ecotoxicology, Brisbane, 

Australia: 1 ?1h to 19th July 1997 

Sensitivity of Three Species of New Zealand Chironomids (lnsecta: Chironomidae) 

to Arsenic 

Jeyasingham Kanapathippillai and Nicholas Ling. 

Department of Biological Sciences, 

The University of Waikato, Private Bag 3105, Hamilton, New Zealand. 

Chironomids are important benthic macro invertebrates in biomonitoring fresh water 

habitats. Chironomus zealandicus, Chironomus sp. a and Polypedilum pavidus are three 

common chironomid species in soft sediments of lakes in the central North Island of 

New Zealand. These chironomid species were cultured in the laboratory to obtain 

different larval instars for this study. Four larval instars of each species were tested for 

h . . . . & f . (A 3+ d A 5+) t e1r sens1t1v1ty to two 1orms o arsemc s an s . 

Median lethal concentrations indicated differences in sensitivity to As3+ and As5+ 

between larval instars and between different species. As3+ was found to be 

approximately five times more toxic than As5+ to all four larval instars of all chironomid 

species. Fourth instar larvae collected from the wild were more tolerant to both As3+ 

and As5+ than laboratory cultured animals of the same age. 

Sensitivity of fourth instar larvae to arsenic at three temperatures (13°C, 18°C, 23°C) 

was also tested. No clear relationship was observed between median lethal 

concentrations and temperature. However, temperature shock was observed to have an 

impact on the sensitivity of chironomids to arsenic. 
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Abstract 4: 

81h Annual Meeting, Society of Environmental Toxicology and Chemistry, Bordeaux, 

France: 141h to 18th April 1998 

Toxicity of Arsenic to Chironomus zealandicus 

Chironomidae) under the Laboratory Test Conditions 

Jeyasingham, K. and Ling, N. 

Department of Biological Sciences, 

The University of Waikato, Private Bag 3105, Hamilton, New Zealand. 

(lnsecta: 

Chironomids are important benthic macro invertebrates in biomonitoring fresh water 

habitats. Chironomus zealandicus is one of the common chironomid species in 

sediments of lakes in the Central North Island of New Zealand. Ten and fourteen-day 

laboratory tests were conducted either with or without renewal of water to assess the 

toxicity of arsenic (As5+) to C. zealandicus on sediments from Hamilton Lake and Lake 

Ngaroto. Tests were started with 10 second instar larvae and replicated nine times. We 

found that laboratory test conditions affect the toxicity of arsenic to C. zealansdicus. C. 

zealandicus showed difference (P<0.05) in survival but did not show difference in 

growth between concentrations of arsenic on sediments from lakes in the water renewal 

test. C. zealandicus showed difference (P<0.05) in survival, growth and incidence of 

head capsule deformity between arsenic concentrations on both sediments, in a 14-d 

static toxicity test. Survival, growth and incidence of head capsule deformity showed 

difference (P<0.05) between the concentrations of arsenic when the test animals were 

exposed to different concentrations of arsenic for the first 96 hours and then allowed to 

grow on lake sediments under the static condition. 
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