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in general, poilu;ced surface waters contain hundreds to thousands 
of toxic chemicals. Therefore, a knowledge of ;che joint ef fects of 
mixtures is important in determining water quality cr i ter ia, since 
in;ceractions may increase the toxic i ty depending upon the nature of 
;che individual chemicals. Several authors, for example Plackett  and 
Hewlet t  (1952), Marking (1977), Muska and Weber (1977), Konemann 
(1981) bave suggested methods of modeling and data analysis to describe 
the type of combined effects that occur. The acute toxic i ty of heavy 
metals in combination to ;che common guppy has been reported (Khanga- 
rot et al. 1981; Khangarot and Ray 1987) .  Information on the acute 
tox ic i ty  on combined effects of chromium and nickel ;co fish is rather 
scarce. The European Inland Fishery Advisory Commission in a recent 
report (EIFAC 1980) reviewed the l i terature on the joint effects of 
mixtures of toxicants to aquatic organisms. Toxici ty of nickel and 
chromium to fish is generally low. These two elements are usually 
less toxic than silver, cadmium, copper and thaIlium; depending on 
test conditions, these may also be less hazardous than zinc, lead and 
arsenic. The acute toxici t ies of Ni and Cr to the common guppy were 
examined by Pickering and Hende�9 (1966) and Khangarot (1981). 
The presen;c study was undertaken to investigate ;che acute tox ic i ty  
of Ni and Cr singly and the toxic interaction of these two moral ions 
on survivaI of the common guppy, Poeci l ia ret iculata (Peters). This 
species was selected for static bioassays because it can be easily cultured 
and raised under laboratory conditions through a complete l i fe cycle, 
and it is one of ;che most common fish used for laboratory ;coxicity 
studies. 

MATERIALS AND METHODS 

The average total length of fish was 15 mm (range 12-17 mm) and 
average wet weight was 184 mg (range, 160-200 mg). Fish were accli- 
matized for 10 days in glass aquaria at room temperature before use. 
Test animais were fed fish food (Shalimar Fish Food Co., Bombay) 
ad l ibitum once a day but were hot fed for 48 h before the start of 
the bioassay and during the test period. Test aquaria were wide-mouth 
glass jars of 10 liters. A minimum of eight concentrations, three 
replicates per concentration plus three controls, were used f o r  each 
bioassay. Stock solutions in disti l led water were prepared by dissoIving 
reagent grade nickel chloride (NiCI2.6H20] and potassium dichromate 
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(KoCr~OT). Test concentrat ions are given as mg/L of metal  ions. 
Th› a~ut'e renewal s ta t ic  bioassay as described by APHA et al (1975) 
in the Standard Methods were fo l lowed.  Ten fish were used for each 
concentrat ion and three repl icates were conducted for each bioassay. 
Test solutions were renewed af ter  every 2/4 h. The number of fish 
that died in each concentrat ion was recorded a f te r  30 minutes and 
1,2,/4,8,12 and 24 h thereaf te r .  Dead specimens were removed imme- 
d iate ly.  Tests were conducted for 2/40 hours. 

The test water  used was dechlorinated tap water.  The physico-chemical  
propert ies of the test water  are given in Table 1. Dissolved oxygen 
and a lka l in i t y  in chromium tox i c i t y  tests were not determined, but 
values were determined in control jars. The results of repl icates 
using the same tox icant  were pooled to increase sample size, and 
the median period of surv ival  (LT50 values) and median lethal  concen- 

Table 1: Physico-chemical character is t ics of di lut ion water  used in 
acute tox ie i t y  tests wi th common guppy, Poeci l ia re t i cu la ta  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Character is t ics Uni t  No. of Mean Range 
observations 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

p l i  20 7.6 7.4-7.8 
Temperature (air) ~ 20 32 30-34 
Water temperature ~ 20 28.5 27-30 
Ac id i t y  mg/L as CaCO 3 20 Ni l  Ni l  
Free COn mg/L 20 2.5 1.5-3.5 
Alkalinit# mg/L as CACO= 10 135 125-150 
Total hardness mg/L as CaCO~ 10 178 165-200 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

trations (LCsn values) were determined on the pooled data. Survival 
time distribdl:~d approximately lognormal and LTsn'S and other 95% 
confidence limits were calculated by the method 6~ Litchfield (1949). 
Similarly, the LC50 values and their 95% confidence limits and slope 
functions were determined by the nomographic method of Litchfield 
and Wileoxon (1949). 

The ef fects  of a mix ture  of nickel and chromium on surv ival  of common 
guppy were also studied. The acute tox ic i t y  of mixtures were deter-  
mined by the method of Sprague (1973). In this procedure, the concen- 
t ra t ion of tox icant  in a mix ture  is reported as a proport ion of the 
LC50's determined singly. The tox i c i t y  rat io of Ni and Cr in the 
mix tu re  study was 1:1 of thei r  LCs0 values. The sum of the rat io 
of the Ni and Cr tox icant  mix ture  Ls then determined. The addi t ive 
indices of the mix ture  of chemicals were determined by the fo l lowing 
formula = 

A + B = S ...... (1) m m 

A. B. 
1 I 

Where Am= LCrn Ni in mix ture ,  A. = LCr~ for Ni indiv idual ly ,  B = 
LC50 for Cr i~Umix ture ,  B i - -LCsnLfor  c~Uindiv idual ly  and S i s  ~E~e 
sum of the biological  ac t i v i t y .  If'oEhe sum of the tox i c i t y  of chemical  
is s imply addi t ive,  S=1.0. A tota l  less than 1.0 is considered synergist ic,  
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while one greater than 1.0 is considered antagonistic. Marking (1977) 
presented a system in which the index represents simple additive, 
greater than additive, and less than additive effects by zero, positive 
and negative values, respectively. The values equaling zero indicate 
additive toxic i ty,  positive values indicate synergistic toxici t ies and 
negative values suggest antagonistic mixtures. Marking's Addit ive 
Index (MAI) can be calculated as: 

MAI = (1/5 - 1.0 i f  5 ~-1.0 and .... (2) 
MAI = 1.0-S i f  S~_1.0 .... (3) 

The significance of the Marketing Addit ive Index (MAI) from zero can be 
calculated by substituting values from the 95% confidence l imits for the 
LC. 0 in the formula (1) to determine the range of MAI. If the range 
inc~udes zero, the deviation is not considered significant. The vatues 
that yield the greatest deviation from MAI are used to establish the 
range whenever an MAI overlaps zero and the additive toxic i ty  is 
assumed. 

RESULTS AND DISCUSSIONS 

The median survival rime (LTsn values) for the metals tested singly 
are given in Table 2. Nickel -and chromium have approximately the 
same acute toxic i ty .  Survival t ime in the Ni-Cr mixture was much 
reduced (Table 4), suggesting that metals potentiate each otherrs 
tox ic i ty  and caused the rapid death of fish. At lethal concentrations, 
behavioral changes were surfacing, rapid mouth and opercular movements 
and convulsions. Ail the test fish loss their equil ibrium before death. 
The LTr~ values for mixtures seem t o b e  simply additive. In stronger 

�9 )u  

mixtures (e.g.�87 2 and 5 toxic units), fish died faster than would be 
expected from their resistance to individual metaIs. The 96 h mixture 
tox ic i ty  test results were used for calcuIating the LTs values, and 
the 95% confidence l imits and slope functions of Ni and Cr are given 
in Table 2. Expressed in mg/L of ruerai ions, the 96 h LCr~ values 
were 29.28 (confidence l imits  = 24.81-34.55) for Cr (Table 3). )~4ixtures 
of Ni and Cr (ratio 1:1 of LCs0'S) were tested for 48 h and 96 h 
and their combined tox ic i ty  Lo common guppy was round t o b e  simply 
additive. MAI was determined to be + 0.312 (range 0.04 to + 0.80) 
for the 48 h test and + 0.086 (range -0.24/4 to +1./466) for 96 h test. 
These values indicate that acute tox ic i ty  of Ni-Cr mixtures were merely 
additive because the range overIapped zero (see Table 4). 

Pickering and Henderson (1966) observed a 96 n LCs~ of 4.45 mg/Ni /L 
(C.L. -- 2.83-5.39 mg/L) with common guppy in so~ water (hardness 
2© mg/L as CaCO~ ) at 25~ Other workers have studied the acute 
and chronic toxict ty of Ni to various other freshwater fishes. In c i r p ,  
the 72 h LCr~Is for freshly fer t i l ized eggs and one-day old larvae 
were 6.1 and 6~.~ mg/L, respectively (Blaylock and Frank 1979). Pickering 
(197/4) reported a 96 h LC~n for fathead minnows ranging from 27 
to 32 mq/L of Ni, based on n5~ninal concentrations. 

The 96 h LCs~ values for chromium to the common guppy was 29.28mg/L 
and 95% con~dence l imits ealeulat.ed we#e 2t~.81-3J4.55 mg/L (hardness 
178 mg/L as CACO3) , while Pickering and Henderson (1966) observed 
a 2/4 h LCs0 of 113 mg/L of chromium for guppy in soft water (hardness 
20 mg/L as CACO]). The 96 h LC™ values for fathead minnows and 
bluegills were 17.6~and 118 mg/L N'i, respectively, when tested under 
sof t -water  conditions (Pickering and Henderson, 1966). Differences 
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Table 2: The LT5F I values (median survival t ime) with 95% confidence 
l imits ~�9 slope functions for the common guppy against 
nickel and chromium toxicants 

Toxicant Concentrations LTr_ and 95% Slope function 
(in mg/L) con~dence hmlts and 95% confi- 

(in hours) dence l imits 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Nickel 150 10.00 1.81 
(8.13-12.30) (1.56-2.10) 

100 20.00 1.73 
(I 6.40-24.40) (I .50-1.99) 

75 46.00 1.86 
(37.09-57.04) (1.60-2.16) 

49 84.00 2.30 
(62.69-I 12.56) (I .85-3./47) 

28 130 2.53 
(92.20-I 83.30) (1.85-3.57) 

Chro mium 150 7.00 1.26 
(5.56-8.82) (1.16-1.37) 

100 11.00 1.47 
(9.56-I 2.65) (1.34-I,62) 

75 29.00 1.85 
(23.59-35.96) (I .59-2.15) 

49 60.00 2.78 
(41.96- 85.80) (2.12-3.64) 

28 125.00 1.85 
(100.00-156.20) (1.57-2.18) 

in acute tox ic i ty  in Ni and Cr to the common guppy between the present 
study and those found by other investigators are mainly due to di f fer-  
ences in total hardness, temperature and slight variations in pl i  of 
the exposure procedures. At 48 and 96 h, the value of the Cr+Ni 
in combination (of MAI) overIapped zero; therefore, the acute tox ic i ty  
of the Ni -Cr  mixture to the common guppy was addi[ive. L i t t le  infor- 
mation is available concerning the acute toxic i ty  of mixtures of these 
two metals on aquatic animais. In a recent report of the European 
Inland Fisheries Advisory Commission (EIFAC 1980), the information 
on the combined effects of mixtures of toxicants on aquatic organisms 
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Table 3: Calculated LC50 values wi th 95% confidence l im i ts  f o r  
common guppy against nickel and chromium toxicants 

Toxicant Time LCr~ and 95% CL Slope functions and 
(in hours) >u as mg/L of metal  and 95% CL 

Nickel 2/4 95.00 1.3/4 
(84.70- I �9 ( I. 22- 1.47 

48 63.00 1.64 
(54.78-73.08) (1.41 -I .90 

72 50.12 1.71 
(40.10-62.65) (1.40-2.09 

96 36.00 1.91 
(29.76-/43.57) (I .55-2.35 

168 33.11 1.65 
(28.54-38.41) (I./42-1.91 

2/40 31.15 1.52 
(26.1 3-36.13) (1.32-1.75 

Chromium 24 49.00 
(38.28-67.20 

1.9/4 
(1.43-2.61 

48 39.80 
(31.85-49.76 

1.75 
(1.90-2.18 

72 32.00 
(27.58-37.12 

96 29.28 
(24.81-34.55 

168 19.05 
(14.11-25.7�8 

240 19.25 

1.50 
(1.26-1.79 

1.72 
(1.34-2.22) 

1.77 
(1.26-2.48) 

1.17 
(17.57-20.67 (1.09-1.36) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CL: Confidence l im i ts  

has been reviewed. The rat io  of 3:1 of the 96 h LCr_ values for 
Ni and Cr in hard water  showed the rat io  of 1:1; the adc~�8 t ox i c i t y  
was apparent ly 13 and 21 t imes more than addi t ive for rainbow t rout  
(EIFAC 1980). Khangarot et al. (1981) noted synergist ic ef fects  while 
studying the acute tox i c i t y  of Zn-Ni-Cu mixtures to the con0mon guppy. 
Anderson and Weber (1975) observed that the acute tox ic i t ies  of 

Cu-Zn mixtures were supra-addit ive ( syne rg i s t i c )  to the maie common 
guppy, Poeci l ia re t icuIa ta ,  in water  of in termediate hardness (hardness 
125 mg/L CACO3). In generaI, environmental  toxicants occur in mixtures 
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in natural waters, therefore, the interaction of tox ic i ty is an important 
factor which must be taken into account when assessing the hazards 
of environmental pollutants to aquatic l i fe and for setting va]id water 
quality standards for diverse uses. Additional studies on the effects 
of toxicants, singly and in mixtures~ on biochemical and physiological 
processes are needed to gain more knowledge of interactions and their 
toxic effects. 
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